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PREFACE TO SIXTH EDITION 


More tlian the usual amount of time and effort has been given toward 
making this new edition of Bergey’s Manual useful. The volume has 
been completely revised and is reset in double column format so that each 
page carries about 20 per cent moi-e type than the pages in the fifth edition. 
Those who are interested in special groups of bacteria will find something 
new in the presentation of the relationships in every genus. Because 
of our rapidly expanding knowledge, changes in the outline classification 
and text were made necessary. These changts have in evciy case been 
made by specialists in consultation with the Editorial Board. Every spe¬ 
cialist possesses first hand knowledge of the species in the group that he or 
she has reviewed. 

Because increasing knowledge has shown the fission fungi to be a larger 
and more diversified group than previously realized, the number of species 
described has increased from 1335 in the fifth edition to 1C30 in the present 
edition of the Manual. This number does not cover all of the descriptions 
found in the literature for, as in all other fields of biology, many of the 
descriptions are so inadequate that the species described cannot now be 
identified. Many descriptions are obvious or probable duplications of 
previous descriptions while still others are based on nothing more substan¬ 
tial than the author’s belief that he had something new, he having made 
but little effort to compare his cultures with those found by previous 
investigatoi’s. An indication of the large number of inadequate descrip¬ 
tions will be found by referring to the material in the appendixes to the 
various groups, and to the index where synonyms and incompletely 
described species are shown in italics. 

The large number of these poorly described species suggests that there 
has been much unsatisfactory work done in the field of bacteriological 
taxonomy. Progress in this inadequately developed field is needed as it 
would help to clarify the approach to desirable research in many fields of 

It is believed that both teachers and investigators will find the new 
Source and Habitat index useful. It is important to know what organisms 
have been described from any given habitat in determining the identity of 
a described species or whether a given species is new. 

The future development of taxonomic work holds several interesting 
possibilities of increased international cooperation such as between the 

various National Type Culture Collections and within the International 

«• 
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PREFACE TO SIXTH EDITION 


A^^sociation of Microbiologists. The Trust Funds provided through the 
generosity of Dr. Bcrgey before his death have been used in developing the 
present edition of the Manual and future funds are to be used in the same 
way under the management of a self-perpetuating Board of Editor-Trustees. 

We are all under obligation to those who have given so freely of their 
time and special knowledge in preparing this edition cf the Manual. 
Moreover the Editor-in-Chief is under special obligation to his wife, 
Margaret Edson Breed who has carried the burden of the indexing; to Mrs. 
Eleanore Heist Clise who has given invaluable service in bibliographical 
research, in proof reading and other ways; and to his secretary, Miss Maude 


Hogan, who has cared for many difficult manuscripts and a voluminous 
technical correspondence. 

Many binomials not previously mentioned in the Manual will be found 
in the Index of Genus and Species Names. Each new name means that 
there is a new bibliographic reference in the text. Practically all of the 
incomplete references of pre^'ious editions and all new references have been 
examined in the original, something that is essential in all accurate taxo¬ 
nomic work. The index of names is the most complete list that has ap¬ 
pealed in the litcratuie and should always be consulted before new genus 
or species names are proposed. 


This edition of the Manual has been more than four years in press, thanks 
to the care that has been taken to make it complete and useful. Through¬ 
out, the Editorial Board has had the cooperation and'understanding help 
of the publishers of the book who themselves have been forced to meet and 
overcome the trying difficulties of the war years. 

The plan of the present book is such that it will be found useful both to 
teachers and research workers. 


Robert S. Breed, Chairman 
E. G. D. Murray 
A. Parker Hitchens 
Board of Editor-Trustees. 

April, 1947. 


PREFACE OF FIRST EDITION 


The elaborate system of classification of the bacteria into families, tribes 
and genera by a Committee on C'haracterization and C'lassKication of tlie 
Society of American Bacteriologists (1917, 1020) has made it very desirable 
to be able to place in the hands of students a more detailed key for tlie 
identification of species than an}^ that is available at present. The valuable 
book on “Determinative Bacteriology” by Professor F. D. C'hester, pub¬ 
lished in 1901, is now of very little assistance to the student, and all pn'vious 
classifications are of still less value, especially as earlier systems of classifica¬ 
tion were based entirely on morphologic characters. 

It is hoped that this manual will serve to stimulate elTorts to perfect tlie 
classification of bacteria, especially by emphasizing the valuable features 
as well as the weaker points in the new system whicii the Committee of the 
Society of American Bacteriologists has promulgated. The Committee 
does not regard the classification of speeies offered here as in any sense 
final, but merely a progress report leading to more satisfactory classification 
in the future. 

The Committee desires to express its appreciation and thanks to those 
members of the society who gave valuable aiil in the compilation of material 
and the classification of certain species. . . . 

The assistance of all bacteriologists is earnest ly solicited in the correction 
of possible errors in the text; in the collection of descriptions of all bacteria 
that may have been omitted from the text; in supplying more detailed 
descriptions of such organisms as are described incompletely; and in furnish¬ 
ing complete descriptions of new organisms that may be discovered, or 
in directing the attention of the Committee to publications of such newly 
described bacteria. 


D.wid II. Bergey, Chairman 
Francis C. Harrison 
Robert S. Breed 
Bernard W. Hammer 
Frank M. Huntoon 
Commillee on Manual. 




August, 1923. 
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INTRODUCTION 


Suggestions for the Use of the jManual in Classifying 

Unknown Organisms 

No organism can be classified before we have determined, through de¬ 
tailed study, its morphological, cultural, physiological and pathogenic 
characters. 

The characters used in the keys to orders, families and genera may ordi¬ 
narily be determined by the use of a dozen or more of the procedures de¬ 
scribed in the Manual of Pure Culture Study issued by the Committee on 
Bacteriological Technic (H. J. Conn, Chairman, Geneva, New York) of the 
Society of American Bacteriologists. i\Iore complete examinations must 
be made as indicated in the IVIanual of Pure Culture Study, and in the 
Descriptive Charts which accompany this IManual where it is desired to 
identify individual species. These tests must be made if bacteria are to be 
accurately identified and described. 

It is urged that beginning students be taught the technics necessary for 
the identification of species in the hope that the taxonomic work of the 
future may be placed on a more satisfactory basis. 

After a complete study of the characters of the organism has been 
made, turn to page 65 and ascertain first in which order the organism 
belongs. When the order and suborder (if necessary) have been ascer¬ 
tained, turn to the page of the Manual on which the key to that order or 
suborder is given. In this key ascertain the family or subfamily to which 
the organism belongs. 

When the family or subfamily has been decided on, again refer to the 
page of the Manual on which the key to that family or subfamily is given. 
In this key ascertain the tribe to which the organism belongs. 

Wlien the tribe has been decided on, again find the page of the Manual 
on which the key to the tribe is given. In this key ascertain the genus 
to which the organism belongs. 

When the genus has been decided on, again refer to the page of the 
Manual on which the key to that genus is given. In this key, trace out 
the species under investigation. 

For example, if one wishes to trace a short, peritrichous, Gram-negative, 
non-spore-forming rod that grows well on ordinaiy culture media at 37 C, 
fermenting glucose and lactose with production of acid and gas, not 
liquefying gelatin, producing no pigment on any culture medium, with 
negative reaction for acetylmethylcarbinol, producing indole and reducing 
nitrates, consult the key to the orders on page 65. 

1 



2 


SUGGESTIONS FOR USE OF MANUAL 


In this key examine A. Cells rigid, not Jlexuous. This indicates our or¬ 
ganism as its cells remain constant in form. 

We next examine 1. Cells single, in chains or masses. Not branching and 
mycelial in character. Not arranged in filaments. Not acid fast. As the 
organism in question occurs as single cells or at most as short chains and is 
not acid fast, this indicates that it belongs to the Order Eubacteriales. 

We now examine a. Do not possess photosynthetic pigments. Cells do not 
contain free sulfur. As our organism is unpigmenled and the cells do not 
contain free sulfur, this indicates that our organism belongs to the Sub-order 
Eubactcriineae. We note that the key to this suborder is on page 
67. 

We next attempt to ascertain the famil}'^ to which the organism belongs 

by tracing it through the key to the familiesof the Sub-order Eubacteriineae, 
p. 67. 

I. N 0 endospores indicates our organism. We proceed to A. Can develop 
on inorganic media. As the organism cannot grow without organic carbon, 
we turn to B. Cannot develop on inorganic media. 

This corresponds with the physiology of our organism; so we turn to 

1. Polar flagellate, etc. As our organism is peritrichous, we proceed to 

2. Large oval, pleomorphic cells sometimes almost tjeast-like in appearance. 

Free living in soil. Fixfree nitrogen. As this does not correspond with the 

morphology or physiology of our organism, we next examine 3. Peritrichous 

or non-motile rods, and cocci. This corresponds with the characteristics of 
our organism. 

We turn to a. Heterotrophicrodswhichmaynot require organic nitrogen for 
growth. Usually motile with one to six or more flagella. Usually form nodules 
or tubercles on roots of plants, or show violet chromogenesis. 

This again does not indicate our organism; so we turn next to aa. Heier- 
otrophic rods or cocci which utilize organic nitrogen and usually carbohydrates. 
As our rod-shaped organism prefers a medium containing organic nitrogen, 
we proceed to b. Spherical cells in masses, tetrads and packets. 

This does not correspond to the morphology of our organism, and we now 
proceed to bb. Spherical cells which grow in pairs and chains; and rods. 
This includes our rod-shaped organism; so we turn to c. Gram-positive 
cocci and rods. Non-motile. Since these are not the characteristics of our 

organism, we turn to cc. Gram-negative rods. When motile, from four to 
many peritrichous flagella. 

Our organism is Gram-negative and peritrichous; so we proceed to d. 

Grow well on ordinary media containing peptone. Aerobic to famdtative 
anaerobic. 

This corresponds with the characteristics of the organism we have 
studied; so we turn next to e. Gram-negative, straight rods which ferment 
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sugars with the fomation of organic acids. This again corresponds with our 
oi^anism. We turn next to f. Produce little or no acid from himus milk. 
This does not correspond with the characters we have determined lor our 
organism. We proceed to ff. Produce CO 2 and frequently visible gas {CO 2 + 
Hi) from glucose. Reduce nitrates, etc. 

Our organism produces visible gas from glucose and reduces nitrates. 
This indicates that it belongs to Family X. Enterobacteriaccac, p. 443. 

This appears to fit our unknown organism. We now refer to page 443 
on which the key to the Family Enlerobactenaceae is found. In this key we 
ascertain the Tribe to which our organism belongs. 1. Ferment glu¬ 
cose and lactose vnth the formation of acid and visible gas. Usually do 
not liquefy gelatin. Tribe I. Eschericheae. 

This corresponds with the characters exhibited by our organism. We 
refer to the key for Tribe 1. Escherichcae on the same page. 1. Methyl 
red test positive. Voges-Proskauer test negative. Salts of citric acid may or 
may not be used as sole source of carbon. Genus I. Eschcnchia, p. 444. 

This description appears to correspond with that of our unknow n or¬ 
ganism. We find the key to the species of Genus Escherichia follows the 
key to the Tribe Eschericheae. On tracing our organism in this key we find 
that it corresponds to Escherichia coli. A brief description of this or¬ 
ganism is found on the same page. 

* In the use of keys for identifying bacteria, the student is confronted 
with two difficulties, both based primarily on lack of knowledge and ex¬ 
perience. The first is insufficient knowledge concerning the morphology, 
physiology, possible pathogenicity and habitat of the microorganisms that 
are to be identified. This may be due to careless observations or to poor 
training in the special techniques that must be used in determining the 
identity of a given bacterium. 

The second difficulty in the use of a key comes from inexperience in the 
use of technical terms; that is, the student may not thoroughly understand 
the meaning of the statement in the key and so cannot follow a route 
through the key with certainty. For example in the keys used here, the 
student must know the difference (1) between chains of cells which are 
composed of dividing cells which do not separate at once, and (2) filaments 
which are composed of dividing cells which remain more permanently to¬ 
gether and are normally flattened against each other on adjacent sides. 
They may show some differentiation into hold fast cells and reproductive 
cells (conidia), (3) Both chains of cells and filaments are to be distinguished 
from the mycelial threads found in Actinomycetaceae. These are unseptate 
and branching with a true branching, 

* Condensed and paraphrased from Hitchcock's Descriptive Systematic Botany, 
New York, 1935. 
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The student should be warnetl not to take descriptions in the Manual 
too literally or too rigidly. Descriptions are usually drawn to represent 
average findings. Especially among bacteria, characters such as sugar 
fermentations, gelatin litiuefaction, presence or absence of flagella and 
other things will vary. Sometimes these variations are due to slight, 
possibly unrecognized variations in the techniciues used in determining 
these characters. Real knowledge of the characteristics of species may also 
be \ cry incomplete. Ihis is tnie not only of the physiological activities 
of these microorganisms; but also in regard to such detectable structural 
features as the number and position of flagella. Dark field movies of motile 
cells and photographs taken with the recently developed electron micro¬ 
scope are revealing new and heretofore unsuspected facts regarding struc¬ 
tural features. 

Source and habitat data are frequently helpful in aiding the student 
to recognize species of bacteria and may indicate that the pathogenicity of 
the culture in question may need to be tried on some specific animal or 
plant. By habitat is meant the kind of a place in which the organism 
normally grows; by source, the particular material and place from which 
the culture was obtained. This source may or may not indicate the 
natural habitat. The source of cultures is invariably more limited in scope 
than the habitat as bacteria normally occur where^'er their particular 
habitat may be found in a world wide distribution. 

The student is also reminded that it is impracticable to note all exceptions 
in keys. Bacteria like other living things are classified according to a 
combination of characters, not according to some single character, and ex¬ 
ceptions to the characters noted in the keys will occur in nature. These 
may not be known to or may have been overlooked by the author of the key'. 
On the other hand, the importance of such exceptions should not be over¬ 
emphasized and the student would do well to use the key' as if there w ere no 
exceptions. 



HISTORICAL SURVEY OF CLASSIFICATIONS OF 
BACTERIA, WITH EMPHASIS ON OUTLINES 

PROPOSED SINCE 1923* 


There have been iiunierous attempts to arrange the species of bacteria in 
natural systems of classification. The first simple system of jMuller (^ er- 
mium terrestrium et fiuviatilium, 1773) which he developed further a few 
years later (Animalcula infusoria fluviatilia et marina, 178G) listed but two 
genera (Vibrio and Monas) that included organisms that would today 
probably be accepted as bacteria. Polyangiuni Link (!Mag. d. Ges. Natur- 
forsch. Freunde zu Berlin, S, 1809,42) is apparently the oldest of the generic 
terms retained in its original meaning lor a bacterial genus while Scrraim 
Bizio (Biblioteca italiana o sia giornale de lettera, scienze ed arti, 30, 1823, 
288) was proposed only fourteen years later. 

Systems of classification developed after 1773 are given in complete 
outline form in the first edition of the jManual (1923) and this section of 


the Manual was reprinted without material change in the second (1925) 
and third (1930) editions. AVhile it is not felt to be necessary to repeat 
these outlines in their entirety, sufficient reference is made below to permit 
the student to trace the origin of generic terms that are no longer commonly 
found in classification outlines. No attempt has been made to include 
reference to other little used generic terms except as they appear as syn¬ 
onyms in the descriptive portion of the jManu.^l. For the origin of generic 
terms proposed before 1925, see Enlows (The Generic Names of Bacteria, 
Bui. No. 121, Hygienic Laboratory, AVashington, D. C., 1920) and Bu¬ 
chanan (General S^^stematic Bacteriology, Baltimore, 1925). 

Bory St. Vincent (Microscopiques, Dictionnaire classique d’histoire 
naturelle, 10, 1826, 533) introduced the generic terms Spirilina, Melanella, 
Lactrimatoria and Pupella and accepted Vibrio for microorganisms, some of 
which must have been bacteria. None of these terms, except 1 ibrio, are in 
current use for bacterial groups. 

Three of the terms accepted or proposed by Ehrenberg (Die Infusions- 
tierchen als volkommene Organismen, Leipzig, 1838); namely, 1'ibrio, 
Spirillum and Spirochaeta, are still used. The generic term Bacterium 
proposed first by Ehrenberg in 1828 (Symbolae Physicae seu leones et 
Descriptiones Animalium Evertebratorum Separasitis Insectis quae ex 
Itinere per Africam Borealem et Asiam Occidentalem, IV. Evertebrata, 
Berlin) to include but a single species Bacterium triloculare from an oasis 


* Contributed by Prof. R. S. Breed, New York State Experiment Station, Geneva, 
New York, July, 1938; revised, September, 1943. 
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in North Africa, has had a varied history because this type species (mono- 
typy) is no longer identifiable. It was reintroduced into the classification 
employed in the fifth edition of the ^Manual to cover species of non-spore¬ 
forming rods whose positions in the outline given in the jManual have not 
yet been satisfactorily determined (Breed and Conn, Jour. Bact., 31, 193G, 
517) and is used in the present edition with the same meaning. The term 
Spirodiscus was applied by Ehrenberg to a single organism that he found in 
a mountain stream. It has never been reidentified and subsequent authors 
have discarded this term. 

Two new generic terms {Metallacter, Sporomma) were introduced by 
Perty (Zur Kenntniss kleinster Lebensformen, 1852). Neither Meiallacier 
nor Sporoncma is in common use at the present time. 

Davaine (Dictionaire encyclop. des sciences m§d., Art. bact4ries, 1868) 
introduced one new generic term, Bactendium, for straight motionless rods 
like the anthrax bacillus. 

The generic terms employed by Cohn in his first classification (Unter- 
suchungen uber Baktericn. 1. Beitrage z. Biol. d. Pfianzen, 1, Heft 2, 
1872, 146) are all in current use. Only one (Bacillus) was new. Other 
generic terms were introduced into his second paper (Untersuchungen iiber 
Bakterien. II. ibid., 1, Heft 3, 1875, 141) which contained his more 
complete classification. For various reasons, six of these, Meri^opedia, 
Claihrocystis, Ascococcus, Myconosioc, Cladothrix and Streptothrix are not 
found in recent bacteriological classifications. 

Mangin (Les Bacteries, Paris, 1878) recognized three subgenera of the 
genus Monas, the first of which Rhabdomonas Cohn, 1875 is still used as a 
generic term, while the other two, Ophidomonas Ehrenberg, 1838 and Spiro- 
monas Perty, 1852 have been dropped. 

The bacterial species that had been placed in the genus Claihrocystis by 
Cohn (1875) were separated and placed in a new genus Cohnia by Winter 
(Die Pilze in Rabenhorst’s Kryptogamen Flora, 1880), and this name is also 
used by Burrill (The Bacteria, Springfield, III., 1882). Because this name 
had previously been proposed for a genus of lilies, it was soon dropped. 

Zopf (Die Spaltpilze, Leipzig, 1883) accepts Phragmidiothrix, a generic 
name suggested by Engler in 1882 for a single species found on the body of 
a crustacean (Gammarus locusia). Later authors generally either merge 
this genus with Crenolhrix Cohn or disregard it because of the indefinite 
description of the one species included in it. 

Baumgarten (Lehrbuch der pathologischen Mykologie, Braunschweig, 
1890) following Hueppe accepts the term, Spirulina, for a genus of pleo¬ 
morphic bacteria, disregarding the previous use of the term by algologists. 

The generic terms found in Migula’s first outline (Bakterienkunde fiir 
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Landwirte, Berlin, 1890) were those in conventional use at the lime and 
many of them continue in use. Two new terms were introduced for motile 
types in his second outline (Arb. Bact. Inst. Karlsruhe, I, 1S94, 235) and 
are also found in his later outlines (Engler and Prantl, Die natuiiichcn 
Pflanzcnfamilien, I, la, 1895, 29, and System der Baktcricn, 1, 1897, 40, 
and;?, 1900,2C9 and 275) which have not been generally felt to be necessary 
by subsequent authors. These are P/anococn^s and Planosarcina. Spiro- 
soTna introduced by Migula in 1894 and Rhahochromatium \\’inogradsky ac¬ 
cepted by Migula in 1900 are likewise no longer generally used. Newskia 
(original spelling Nevskia Famintzen, Bull. Acad. Imp. Sci., St. Petersburg, 
Si (N,S.:?), 1892, 484) has recently been revived by Ilcnrici and Johnson 
(Jour. Bact., S9y 1935, 3 and 80, 1935, 83). The generic term Microspira 
Schroeter, accepted by Migula in 1894, is still frequently accepted in place 
of Vibrio as many regard it as having a better status than the later term. 

The term Pseudomonas was first proposed for polar flagellate bacteria by 
Migula in his 1894 outline with reference to but a single species, Pseudo¬ 
monas violacea, an organism which later investigators have shown to be 
peritrichous (Cruess-Callaghan and Gorman, Sci. Proc. Roy. Dublin Soc., 
21, 1935, 213). Pseudomonas was repeated in the 1895 outline with 
descriptions of Pseudomonas pyocyanea and other species. Later authors 
have generally accepted the term Pseudomonas as valid. 

Fischer (Jahrb. f. wissensch. Bot,, Berlin, ^7, 1895, 1) introduced a 
logical outline classification in which he proposed various new terms which 
have never come into general use. These are Paracloster, Poraplcclrum, 
Ar(/irobac(er, Bactrinium, Clostrinium, Plectriniumj Arihrobactrinium, 
BactriUum, Closlrillium, Plectrillium, Artkrobactrillium, Bactridium, Plec- 
iridium, Dipleciridium, and Arllirobactridium. In his modified classifica¬ 
tion (Vorlesungen uber Bakterien, 1897), he also accepts Pediococcus 
Balcke, a term that has fallen into disuse except in the brewing indus¬ 
try. 

In the conservative classification proposed by Lehmann and Neumann 
(Atlas und Grundriss der Bakteriologie, 2 vols., 1896, Alunchen), inter¬ 
nationally accepted rules of nomenclature w^ere follow'ed. All of the geneiic 
terms employed by them are still in current use, their most important 
contribution being their acceptance of the suggestion that the genus 
Bacillus be separated from the genus Bacterium on the basis of endospore 
formation by the rods included in Bacillus. Two new genera were proposed 
{(^orynebaclerium and Mycobacterium) that have been generally accepted 
later workers. 

No new generic terms are proposed by Chester either in his preliminary 
reports (Delaware College of Agriculture, 9th Ann. Kept., 1897, 53 and 62; 
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nth Ann. Kept., 1899, 36), or in his complete outline (Manual Determ. 

Bact., 1901). Almost all of the generic terms found in his outlines are still 
in current use. 

The term Aplanobactcr suggested by Errvin F. Smith (Bacteria in Rela- 
tmn to Plant Diseases, 1, 1905, 171, Washington) was accepted by certain 

meiican phytopathologists for a time but has never come into general use. 
ecause other differences between tlie non-chromogenic and chromogenic 
micrococci are unimportant, two generic terms, Alhococcus and Anrococcus, 
suggested by the Winslows (Science, 21, 1905, 609; Systematic Relation- 
^ups o the Coccaceae, New York, 1908) have not come into general use. 
they also suggested Rliodococciis to include Rliodocucciis roseus and R.fulvus 
apparently without realizing that Zopf (Ber. d. deutsch. bot. Gesellsch. 
Ber in, 9, 1891, 28) had previously used the same term for Rhodococcus 
enjthromyxa and R. rhodochrous. Hansgirg (Engler and Prantl, Die 
naturhehen Pflanzenfamilien, /, la, 1895, 52) had also used it previously 
to designate a sub-genus of the green algae, and later iMolisch (Die Purpur- 
saktenen, Jena, 1907, 20) used Rhodococais for a genus of the purple 
bacteria to include Rhodococcus capsulatus. 

In his complete outline of the classification of bacteria presented in 1909 
Orla-Jensen (Cent. f. Bakt.. II Abt., 1909, 305) introduced many new 
generic terms m an effort to create a nomenclature that appeared to him to 
express the natural relationships of bacteria more satisfactorily than names 
previously suggested had done. Thus he used the suffixes coccus and 
samna for spherical bacteria and monas for all genera known to be lopho- 
trichous or so related to these types that they were regarded as essentially 
lophotrichous in nature. In the same way the suffix bacierium was used 
for genera of non-spore-forming rods, that were regarded as essentially 
pentrichous in nature, and the suffix bacillus for similar spore-foiming rods 

investigators have (1) accepted the priority rule, 
(2) lelt that It was impossible to recognize the type of motility found in the 

ancestry of truly non-motile groups, or (3) felt that other characters were 
more fundamental than those selected by Orla-Jensen, many of these terms 
nave not been generally used l)y later workers. 

Among the little used terms suggested or accepted by Orla-Jensen are: 
Acehmonas, Ntlromonas, Azotomonas, Rhizomonas, Corynemonas, Myco- 
monas Sulfomonas, Thiomonas, Thiococcus, Rhodomonas, Rhododiciyon, 
Amoebomonas Rhodopolycoccus, Rhodosarcina, Spirophyllum, Denilro- 
monas, Uqmdomonas, Liquidovibrio, Liquidococcus, Solidococats, Solido- 

Caseobacterium, Liquidobaclerium, 
BouT li Cellulobacillus, Pulribacillm and 
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While Nitromonas is not new, it is redefined as a svnonviu of XitrohacU r 
Winogradsky (Arch. Sci. Biol. St. Petersburg, i, 1892, 87), ratlier than as a 
synon\Tn of Nitromonas Winogradsky (Ann. Inst. Past., S, 1890, 258). 
Spirophyllum is from Ellis (Cent. f. Bakt., II Abt., 19, 1907, 507). 

In a later monograph on The Lactic Acid Bacteria (Mem. d. .Vcad. Boy. 
Sci. et Lettres de Danemark, Sect. Sci., 8 Ser., J, 1019, No. 2) Orla-Jensen 
proposes the following additional generic terms: Bctacoccns,B<(nbactcriiim, 
Streptobactcrium, Thermobactcrium and Microhactcrium. The term Tetro- 
coccus is introduced with a meaning different from that given tlie term 
previously by v. Klecki (Cent. f. Bakt., lo, 1894, 354). 

Buchanan prepared an outline classification in 1910 (Jour. Bact., 1, 
1916,591; 3, 1917,155, 347, G03; 3,1918, 27, 175, 301,403, 401,591) which 
was utilized in part by the group of which he was a mcmbei' (Winslow, 
Broadhurst, Buchanan, Krumwiede and Smith) in their preliminary Report 
to the Society of American Bacteriologists (Jour. Bact., 2, 1917, 552) and 
in the final report by Winslow, Broadhurst, Buchanan, Krumwiede, Rogers 
and Smith (Jour. Bact., 5, 1920, 191). 

Although prepared earlier, some parts of tlie Buchanan outline were not 
published until after the first Winslow et al. report. As these reports 
formed the most important basis for the classification used in the first edi¬ 
tion of the AIanual, it is natural that the generic terms utilized are, in 
general, the same as those used in the ^Ianual. 


Generic and subgeneric terms included by Buchanan that are not used 
in the present edition of the Manual are: Paraspirillum Dobell (Arch. f. 
Protistenk., 24y 1911, 97), Euhacillus Hansgirg (Osterr. Bot. Ztschr., 38, 
1888, 264; not Eubacillus Dangeard, Le Botaniste, 2, 1891, 151) and il/c/a- 
boderium Chatton and Perard (Comp. rend. Soc. Biol., Paris, Go, 1913, 
1232), Siderocapsa Molisch (Ann. Jard. Bot. Buitenzorg, Ser. 2, Supp. 
3,1909, 29) used by Buchanan but dropped l)y Winslow et al (Jour. Bact., 
1917, 549) does not appear in the Manual cla.ssification outline until the 
present (6th) edition. The term Mycoderma recognized both hy Buchanan 
(Jour. Bact., 3, 1918, 45) and in the preliminary ^^4nslo^^■ et al. report 
(Jour. Bact., 2, 1917, 551) was replaced by the later and moi-e valid term 
Acetohacter in the final report by Wiaslow et al. (Jour. Bact., 5, 1920, 201). 
Pfeifferelh Buchanan (Jour. Bact., 3, 1918, 54) which is used in the three 
outline classifications under discussion and also in the first, second and third 
editions of the Manual, appeared in the literature through a clerical error 
(Buchanan, General Systematic Bacteriology, 1925,420). It was combined 
in the fourth edition of the Manual with the genus Actinohacillus under the 
iatter name. Nocardia Trevisan (1889) used by Buchanan and in the 
preliminary report by Winslow et al. (1917) was merged with Actinomyces 
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Harz iJahresber. !Munchen. Thierarzneisch. for 1877-78, 125) in the final 
report by Winslow et al. Erythrohacillus Fortineau (Compt. rend. Soc. Biol. 
Paris, 58, 1905, 10-1) is used by AVinslow et al. (1920) but was not accepted 
in the first and following editions of the IMaxual as it is a synonjTn of the 
older Serraiia Bizio (1823). iMoreover, the species which must be accepted 
as type for the genus {Erythrohacillus pyosepticus Fortineau (monotypy)) 
is a species which has been reported by Breed (Manual, 3rd ed., 1930, 117) 
to be a variant of the older Serraiia marcescens. 


One of the most unsatisfactory portions of recent classifications, such as 

those outlined by Buchanan (1917-18) and by AVinslow et al. (1917), is 

the treatment given the organisms of the coliform-dysentery-typhoid group 

in that the term Backriuin is retained for these as suggested by Orla- 

Jensen (1909). A strict limitation of Bacterium to thisgroupgives it a still 

dilTerent meaning from that which it had had in previous and current 

classifications, and makes it necessary to find some other place for many 

other species of Gram-negative, non-spore-forming rods, some of which are 

well known and well described. The relationships of these miscellaneous 

species to other non-spore-forming rods is frequently poorly understood. 

In some cases, further study will probably show that they should be placed 

in well known and currently recognized genera. In others, further study 

will probably show that some of these species of non-spore-forming rods 
should be grouped in new genera. 


^ AVinslow et al. (1920) recognized this .situation and broadened their defini¬ 
tion of Bacterium thereby placing such well known species as are included 
m the colon-dysentery-typhoid group with other species of non-spore-form- 
ing rods of quite a different character. For this reason, partial use was 
made m the first edition of the Manual of the numerous generic terms newly 
proposed by Castellan! and Chalmers (Manual of Tropical Medicine, 3rd 
ed., 1919). Thus the following new terms were introduced: Alcaligenes, 
Salmonella, Escherichia and Encapsulatus; and the earlier terms Aerobacter 
Beijermck (1900) and Eberthella Buchanan (1918). Later it was found that 
Encapsulatus was a synonym of Klebsiella Trevisan (1887), so that the latter 
term was accepted in the second and subsequent eiitions of the Manual. 

Shigella CasieWam and Chalmers was recognized as distinct from Eberthella 
m the third and subsequent editions. 


Many of the new terms suggested by Castellani and Chalmers were 
however, synonyms of earlier valid terms or have not been considered 
necessary, and so they have not come into general use. These are Niqro- 
coccus, Gracihides, Cloaca, Eberthus, Dysenteroides, Lankoides, Wesenbergus, 
BalkandU and EnUroidcs. No new generic terms are given by Castellani 
and Chalmers m their later report (Ann. Inst. Past., 34, 1920, 600), 
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Orla-Jensen (Jour. Bact., 6, 1921, 2G3), in a paper published after the 
manuscript of the first edition of the Manual was prepared, suggested the 
use of Colibacterium and Acrogencsbacterium for the two genera in the 
conform group and adds quite a number of other new terms formed in 
accordance with his system of nomenclature. 'Ihese are, in most cases, 
synonyms of earlier valid names. The new terms are Coccomonas, Spiro- 
monas (used in a new, different sense from that of earlier authors), Fhwro- 
monas, Photomonas, Propionicoccus, Butyriclostridium and Putridostiidiwn. 

Many new terms are proposed in the classification drawn up by Heller 
(Jour. Bact., 6, 1921, 521; and 7, 1922,1). Details are given in the group 
of anaerobic spore-formers only. Here each of the new generic terms is 
based on a single species. The following outline is given in the first of these 
papers, two new genera {RivoUillus and MctchnikoviUus) being made the 
type genera for two new subfamilies Clostridioidcae and Putrijicoidcae, 

respectively. 

Phylum 1. Bacteria 

Class I. Eubacierieae 

Order 1. Eubacteriales 

Family 6 (?). Clostridiaceae 

Subfamily 1. Closlridioideae 
Subfamily 2. Putrificoideae 
Order 2. Thiobacteriales 
Order 3. Chlamydobacteriales 
Class II. Myxobacterieae 


In the more complete outline in the second paper, one generic term 
IChslridium) is old, although it is used in a new and restricted sense, while 
with the exception of the type genera mentioned above, the other terms 
are new. In the subfamily Closlridioideae, the new terms are Omebanskillus, 
Macinloshillus, Douglasillus, Henrillus, Flcmingillus, Vallonllus MuUi- 
fermenlans, Hiblerillus, Welchillus, Stoddardillus, Arlotngillus, Meyerillus 
and AfouiHus. Ten new generic terms are used m the subfamily Putriji- 
coideae as follows: Seguinillus, Reglillus, Robertsonillus, mcollatertUus, 
Martellillus, Recordillus, Tissierillus, Pulrificus, Ermengemillus, and Wetn- 
bergiUus. As there does not seem to be any good reason for sub-dividing 
the genus Chslridium in this way, the latter term has been used to cover 
anaerobic spore-forming rods in all previous editions of the Manual, and is 
again used in the present edition in this sense rather than with the restricted 

meaning proposed by Heller. 

Enderlein (Sitzber. Gesell. Naturf. Freunde, Berlin, 1917, 309) proposed 
an outline classification covering the Kingdom of MycJwUi, or bacteria, 
which was based on comparative morphology with special emphasis on lite 

cycles. This was as follows; 
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Phylum I. Dinvjchola 

Kreis A. Ilolocyclomorpha 
Class I. Gonascola 
Order a. Syuascota 

Family 1. Schaudinnidae 

Genus a. Schaudinnum 

b. Tkeciobactrum 
Family 2. Sphaerotilidae 

Genus a. Phragmidiotkrix 

b. Newskia 

c. Chlamydolhrix 

d. Spkaerotilus 

e. Clonothrix 
Family 3. Syncrotidae 

Genus a. Crenothrix 

b. Bcggiatoa 

c. Syncrolis 

d. Zygoslasis 
Family 4. Spirillidae 

Genus a. GaUionella 

b. Spirillum 

c. Dicrospirillum 
Family 5. Spirochactidae 

Genus a. Crislispira 

b. Treponema 

c. Enlomospira 

d. Spirochaeta 

e. Cacospira 
Family G. Microspiridae 

Genus a. Spirobacillus 

b. Spirosoma 

c. Photobacterium 

d. Microspira 

e. Dicrospira 
Family 7. Corynobacteriidae 

Subfamily 1. Actinomycinae 
Genus a. Actinomyces 
Subfamily 2. Eisenberginae 
Genus a. Eisenbergia 
Subfamily 3. Sclerotrickinae 
Genus a. Zettnoivia 
b. Scklerothrix 

Subfamily 4. Corynobacteriinae 
Genus a. Corynobacterium 

b. Heterocystia 

c. Cladascus 

d. Zygoplagia 

Subfamily 5. Pseudosirepinae 
Genus a. Pseudostreptus 
Order b. Ascola 

Family 8. Bacteriidae 
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Genus a. Atremis 

b. Bactcrimn 

c. Lamprella 

d. Eucijstia 

e. Dicrobacirutit 

f. Acijslia 
Family 9. Fusifonnidae 

Genus a. Fusiformis 
Class II. Sporascota 

Order a. Parasijnascota 
Family 10. Migulanidae 

Genus a. Migulanum 
Order b. Parascota 

Family 11. BacUlidae 

Genus a. Rhagadascia 

b. Pledridiuin 

c. Bacillus 

d. Baclrilhm 

e. Kochella 

f. Fischerinum 
Krcis B. Hemicyclomorpha 

Class I. Anascota 

Family 12. Hemallosidae 
Genus a. Hemallosis 

Phylum II. Mononiychota 
Kreis A. Acyclojnorpka 

Family 1. Mogallidae 

Genus a. Mogallia 
Family 2. ScTcinidae 

Genus a. Diplococcus 

b. Sarnna 

c. Paulosarcina 
Family 3. Micrococcidae 

Genus a. Micrococcus 

b. Planococcus 

c. Streptococcus 

d. Phacelium 

Three of the new generic terms, Cladascus type species C. furcahilis 
Enderlein, Zygoplagia type species Z.alternans Enderlein and Heierocysha 
type species H. muliiformiis Enderlein, had been proposed m an earlier 
paper (Sitzber. Gesell. Naturf. Freunde, Berlin, 1916, 395). The following 
generic terms in the 1917 outline are new: Schaudinnum, Theciobaclruniy 
Syncroiisy Zygostasis^ Dicrospirillumy Entomospiray CacospirUy Dicrospiraj 
Eisenhergiay Zetinomay PseudostreptuSy AtremiSy LamprelUy Eucysiiay Dicro- 
hactrum, Acystia, Migulanurriy Rhagadascia, Kochella, Fischerinum, Hemal- 
losisy Mogallia, Paulosarcina and Phacelium, Note that Corynohacterium 

is spelled with an o instead of an e. 

Terms accepted from earlier workers that have not previously been 
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mentioned are: Spirohacillus Metschnikoff (Ann. Inst. Past., 3, 1889, 62), 
Photobacterium Beijerinck, Maanblad voor Natuurwetenschappen Amster¬ 
dam, 16, 1889, 1 and Arch. Ne6rl. d. Sci. Exactes, 23, 1889, 401), and 
Sclerothrix Metschnikoff (Arch. f. Path. Anat. u. Physiol., 113, 1888, 
63-94; not Sclerothrix Kuetzing, Species Algarum, 1849, 319). 

The above outline was changed in 1925, p. 235 ff. (Bakterien-Cyclogenie, 
Berlin, 390 pp.) by the addition of one new family, Chondromycidae, to 
include the genus Newskia, formerly included in Sphaerolilidae, and nine 
genera not previously given as follows: Chondromyccs, Cystodesmia, Mono- 
cysUUy Ophiocystta, Apelmocoena, Polyangium, Cysloecemia, Myxococcus and 
Daclylocoena. All except Chondromyces, Pohjangium and Mrjxococcus are 
taken from Enderlein (Bemerkungen zur Systematik der Chondromyciden, 

Berlin, 1924, G pp.). 

The new genus Lohnmum is added in the Family Eisenbergiinae to in¬ 
clude the acetic acid and legume bacteria, and he also proposes the generic 
terra MacrocysMa (p. 278) for certain bacteria described by Peklo (0 
msici krviive (Study of the blood louse). Zem5delsk^ho Archivu (Agri¬ 
cultural Archives), 1 , 1916) from aphids. According to Enderlein it is not 

clear whether this genus should be included in the Family Bacieriidae or in 
Corynohacteriidae. 

Two genera proposed by others are also accepted. These are Calym- 

matobacterium Aragao and Vianna (Mem. Inst. Oswaldo Cruz, 6, 1912, 211) 

placed m the kmily Migulanidae, and Leuconostoc Van Tieghem placed in 
the family Micrococcidae. 

Later Enderlein (Sitzber. Gesell. Naturf. Freunde Berlin, 1930, 104-105) 
accepts Serralia Bizio in place of Dicrobacirum and Leplotrichia Trevisan in 
place of Syncroiis. Streptus with Strcplus scarlatinae as type species, is 
proposed to cover the streptococci not included in Pscudoslreptus. 

The outline suggested by Pringsheim (Lotos, 71, 1923, 357) is similar to 
that used by Lehmann and Neumann (Atlas und Grundriss der Bakterio- 
logie, 2 vols., 1896, Munchen). It is a conventional division into spherical, 
rod-shaped and curved forms so far as the true bacteria are concerned except 
that the pseudomonads are included in the same family as the vibrios and 
spirilla. Rhodobacleriales is recognized as an order to include the sulfur 
purple bacteria and the nonsulfur purple bacteria. Few details are given 
in regard to the other orders. His outline follows: 


Schizomycetes 

Order I. Eubactenales 
Family 1. Coccaceae 
Genus a. Streptococcus 

b. Micrococcus 

c. Sarcina 
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Family 2. Dacteriaceae 
Genus a. Baclerium 
• b. Bacillus 

Family 3. Spirillaceae 

Genus a. Pseudomonas k 

b. Vibrio 

c. Spirillum 
Order 11. Rhodobaclerialcs 

Family 1. Rhodobaclcrinac 
2. Thiorhodinac 
Order III. Myxobaclcriales 
Family 1. Myxobacteriaciae 
Order IV. Mycobacterialcs 

Family 1. Corynebartcriaceae 

2. Mycobacteriaceae 

3. .'Idinomj/cc/accae 

(Also possibly the long rod, lactic acid bacteria.) 

Order V. Desmobacterialcs 

Family 1. Chlamydobacteriaccae 
2. Begoi(^loaceae 

The first outline classification drawn up by Janke (Allgemeino Technische 
Mikrobiologie, I Teil, Dresden, 1924, p. 63) is an adaptation and expansion 
ofthatdrawnupby Migula (Systemder Bakterien, 1900). Thenewgenera 
recognized by Janke are Planostreptococcus A. Meyer (Die Zelle der Bak¬ 
terien, Jena, 1912), Thioploca Lauterborn (Ber. dtsch. Bot. Gescll., ^5, 
1907, 238), Thiobacterium Molisch (Cent. f. Bakt., IT Abt., 33, 1912, 55), 
Thiohadllus Beijerinck (Cent. f. Bakt., II Abt., lit 1904, 593), Ihiovi rio 
Janke {loc. ciL), rhiospirillum Winogradsky (Beitriige zu Morphol. u. 
Physiol, d. Bakterien. Heft I. Schwefelbakterien. Leipzig, 1888), Thio- 
sphaerella Nadson (Bull. Jar. bot. Petersburg, 13, 1913, 106; ref. m Cent, 
f. Bakt., II Abt., 43, 1915, 469), Thiouidum Hintze (Ber. Dtsch. Bot. 
Gesell., 31, 1913, 189), Spirophyllum Ellis (Proc. Roy. Soc. Edinburgh ^7, 
1,1907,21; ref. in Cent. f. Bakt., II Abt., 75, 1907, 502), Nodofohum E]\i5 
(Cent. f. Bakt., II Abt., ^6, 1910, 321), and Actinococcus Beijermck (Fol. 

Microbiol., ;e, 1914,185)." 

Janke’s outline classification is given below: 

Order I. Eubacieria 
Family 1. Coccaceae 

Genus a. Strepiococcus 

b. il/icrococcus 

c. Sarcina 

d. Planoslreplococcus 

e. Planococcus 

f. Planosarcina 

Family 2. Bacleriaceae ' 

Genus a. Bacillus 
b. Bacterium 



MANUAL OF DETERMINATIVE RACTEI{I()I,<)(; V 


l amily 3. Spirillaceae 

Genus a. Microspira 

b. Spirillum 

c, Spirosoina 
Order II. lihodobacteHa 

Family 1. Thiorkodaceae 
Subfamily la. Thiocysleae 
Genus a. ThiocysHs 

b. Thiocapsa 

c. Thiosphaera 

d. Thiosphaerion 

e. Thiosarcina 
Subfamily 2b. Lamprocysteae 

Genus a. Lamprocystis 
Subfamily 3c. Thiopedieae 
Genus a. Thiopedia 

b. Thioderma 

Subfamily 4d. Arnoebobacterieae 
Genus a. Amoebobacier 

b. Thioihece 

c. Tkiodictyon 

d. Thiopolycoccus 
Subfamily 5e. Chromatieae 

Genus a. Chromalium 

b. Rhabdockromatiuni 

c. Thiorhodospir ilium 
Subfamily 6f. Rhodocapseae 

Genus a. Rhodocapsa 
b. Rkodolhece 
I'araily2. Atkiorhodaceae 
Subfamily la. Rhodocysteae 
Genus a. Rhodocystis 

b. Rhodonosloc 

c. Rkodococcus 

d. Rhodobacterium 

e. Rhodobacillus 

f. Rhodovibrio 

g. Rhodospirillum 
Order III. Thiobacteria 

Family 1. Beggiatoaceae 

Genus a. Thiothrix 

b. Beggiatoa 

c. Thioploca 
Family 2 . Thiobacleriaceae 

Genus a. Thiopkysa 

b. Tkiobacterium 

c. Thiobacillus 

d. Thiovibrio 

e. Thiospirillum 

f. Tkiosphaerella 

g. Thiovulum 

h. Achromatium 
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Order IV. Phycobacleria 

Genus a. Leptothrix 

b. Ctonolhrix 

c. Cladothrix 

d. Crcnolhrix 

e. Phragmidiolhrix 

Appendix Genera GaUionella, Spirophyllum, Nodofolium 
Order V. Mycobacteria 

Family 1. Mycobacicriaceae 

Genus a. Corynebacterium 

b. M ycobaclcrium 
Family 2. Aciinomycetaceae 
Genus a. Actinomyces 
b. Ac/inococcus 
Order VI. Myxobacteria 

Family 1. Myxobacteriaceae 
Genus a. Myxococcus 

b. Chondromyces 

c. Potyangium 

Lehmann and Neumann (Bakt. Diag.,2 vols.,7th ed., Munchen, 392G-27; 
Breed, Eng. trans., New York, 1931) developed their first simple and much 
used outline classification, drawn up in 189G, in later editions of their 
Determinative Bacteriology. The 1927 Lehmann and Neumann outline 
is as follows: 


Class I. Schizomyceics 
Order I. Schizomycetales 
Family 1. Coccaceae 
Genus a. Streptococcus 

b. iSarn'na 

c. Micrococcus 
Sub-genus a. Diplococcus 

b. (Gram-positive group) 
Family 2. Bacteriaceae 
Genus a. Bacterium 

Sub-genus a. Nilrosomonas 

h. 


c. 

d. 

e. 

f. 

g- 

h. 
* 

i. 

J. 

k. 

l. 

m. 


Nilrobacter 

Rhizobium 

Haemophilus 

Brucella 

Pasteurella 

(Glanders and dysentery group) 
(Photogenic group) 

(Aerogenes group) 
Encapsulatus 
(Typhoid group)* 

Salmonella 
(Coli group)* 


* In a footnote under these groups, the authors refer to the names given by Castel 

lani and Chalmers. 
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n. Acelobaclerium 

o. (Cloacae group) 

p. (Red chromogens) 

Q- (Blue and violet chromogens) 

r. Pseudomonas 

s. Proteus 
App. Erysipcloihrix 

Genus b. ^’uso6ac^cr2'i/m 

c. Plocamohaclerium 
Famil / 3. Desmobacleriaceae 

G nus a. Beggiaioa 

b. Leptothrix 

Sub-genus a. Leptothrix 

b. Chlamydothrix 
Genus c. Crenothrix 

d. Cladolhrix 

e. Thiothrix 
Family 4. SpirUlaceae 

Genus a. Vibrio 

b. Spirillum 

Family 5. Spirochaetaceae 

Genus a. Spirochaela 

Family 6. Baciltaceae 

Genus a. Bacillus 

Sub-genus a. (Aerobic group) 

b. (Anaerobic group) 

Order II. Actinomycetales 

Family 1. Proactinomycelaceae 
Genus a. Corynebacterium 
b. ycobaci€riu?n 
Family 2. Actinomycetaceae 
Genus a. Actinomyces 


jrrouDs of thp ■retained in this outline to cover those 

motive and ion r Gram-negative, non-spore-forming, 

_ rods. Lehmann and Neumann recognize 20 sub- 

groups in this genus, many of which corresnnnfl wBb+L 

inthpAIvviTAT o » AA , genera recognized 

to develop a rational nomenclature the term 

f1898 87m ii iseT'’' '"f II Abt., 

klil Wchnschr 33 T92 ?-tm (Loewi, Wien. 

(Kno r rcntf’ Rtf t’ fO) >n place of LactaVfns, and Fusobacterium 

without regaid to priority. Encapsulatus Castellan! and Chalmers (Man- 

(1 tT aS rfs mI t’ P'""= Trevisan 

T u ^'®:-^ted.-Stat. hlilano, Ser. 4, 3, 1885, 107). 

devXped inlhe firet'^d^^^ reprints the classification 
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The second complete outline drawn up by Janke (Oesterr. Bot. Zeitschr., 
75, 1929, 108) is similar to the classification employed by Lehmann and 
Neumann (Bakt. Diag., 2 vols., 7th ed., Aliinchen, 1926-27). He follows 
Enderlein in placing Azotohacter in close association with the spore-forming 
rods. No new generic terms are suggested. His sub-groups of the genus 
Bacterium are even more closely similar to the genera used in the present 
edition of the Manual than are the sub-groups of Lehmann and Neumann. 

Family 1. Coccaceae 

Genus a. Micrococcus 

b. Neisseria 

c. Streptococcus 

Divided into 4 groups. 

d. Sarcina 

Divided into 2 groups. 

Family 2. Bacillaceae 

Genus a. Bacillus , 

Divided into 16 groups, 

b. Azotohacter 
Family 3. Bacteriaceae 
Genus a. Bacterium 

Divided into 27 groups, 
b. Fusiformis 

Family 4. Corynobacteriaceac 
Genus a. Mycobacterium 

b. Corynobacterium 

c. Actinomyces 
Family 5. Spirillaceae 

Genus a. Microspira 

Divided into 2 groups, 
b. Spirillum 

Divided into 2 groups. 

Family 6. Spirochaetaceae 
Genus a. Spirochaeta 

b. Borrelia 

c. Treponema 

d. Crislispira 

e. Saprospira 

f. Leptospira 

Family 7. Desmobacteriaceae 


Genus a. 

Beggiatoa 

b. 

Thioploca 

c. 

Thiothrix 

d. 

Leptoirichia 

e. 

Crenothrix 

f. 

Sphaerolilus 

g- 

Clonothrix 

h. 

Leptothrix 


i. Phragmidiotkrix 
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Family 8. yxobadcriaccae 
Genu? a. Myxococcus 
h. Polyangium 
Chonfiromyces: 

Pribram (Jour. Pact., 18, 1929, 361) has rearranged some groups and 
combined others (e.g., Rhizobium, Diplococcus, Lcuconosloc, Serraita, 
Flavobacterium, Chromobaderium, Achromobacier, Cellulomonas) recognized 
in the first edition of the Manual with little change in the nomenclature 
except among the anaerobic non-spore-forming rods and among the spore- 
foiming rods. Unfortunately, he has sometimes used family and species 
names as generic names, thus in the latter case introducing adjectives and 
adjectival terms as substantives. New generic terms suggested are: 
Diahsterea, Bacleroulea, Cenlrosporus, Fusibacillus, Pseridobacillus, Mega- 
thenum, Flexus, Anthrax, Botulinus, Chauvoea, Bolulinca, Putrificus, 
Welchia, Phleobacleriurn, Distasoa, Tissieria, and Aciinoidcmyccs. Astasia 
^it appears m this outline does not appear to be the same as Meyer 

^lora, 84, 1897, 185). Aerobacillus is not synonymous with Aerobacillus 
Donker (Inaug. Diss., Delft, 1920). Sidcromonas is accepted from Cho- 
lodny (Ber. Deutsch. Bot. Ges., 40 , 1922, 320). 

Pribram’s complete outline follows: 

Class Schizomyectes 

Subclass A. Protozoobacteria 
Order I. Spirochactales 
Family 1. Spirochaetaceae 
Genus a. Spirochacta 

b. Treponema 

c. Spironema 
Family 2. Crhliipiraccae 

Genus a. Saproapira 

b. Cristispira 

c. Leptospira 
Subclass B. EubacUria 

Order I. Prolobacleriates 
Family 1. Nilrobacteriaccae 
Related to Pseudomonas 
Tribe A. Hydrogenomonadae 
Genus a, Hydrogenomonas 

b. Melhanomonas 

c. Cnrbojyodomonas 
Tribe B. Nitrubactertae 

Genus a. Nilrosomonas 

b. Niirobacter 
Family 2. Thiobacillaceae 
Tribe A. Thiobacilleae 
Genus a. Thiobacillus 
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Order II. Melahacteriales 

Family 1. Pseudomonadaceae 
Tribe A. Spirilleae 
Genus a. Spirilluin 
Tribe B. Ttbnoncae 
Genus a. Vibrio 
Tribe C. Pseudomonadeae 
Genus a. Pseudomonas 

b. Azotobacter 

Connects with Polyangiaccac and Nitrobaclcriaccac 
ramily 2. Bac/eriaceae 
Tribe A. Aerobactereae 
Genus a. Aerohacter 

b. Escherichia 

c. Salmonella 

d. Eberihella 

e. Proteus 

Tribe B. Pasleurelleae 
Genus a. Alealigenes 

b. Pasleurella 
Connects with Pfeifferella 

c. Hemophilus 
Connects with Dialister 

Family 3. ilficrococcoccae 
Tribe A. Slreplococceae 
Genus a. Neisseria 

b. Streptococcus 
Tribe B. il/icrococceac 
Genus a. A/tcrococcus 

b. Staphylococcus 

c. Sarcina 

Connects with Algobacteria 
Subclass C. Mycobacteria 
Order I. Bacteriomycetales 
Family 1. Leptotrichaceae 
Tribe A. Acetobaclereae 
Genus a. Acetobacter 
Connects with Salmonella and Tissieria 
Tribe B. Leptoiricheae 
Genus a. Kurthia 

b. Lactobacillus 
Connects with Corynebacterium 

c. Leptotrichia 
Connects with Erysipelotkrix 

Family 2. Dacteroidaceae 
Tribe A. Dialisiereae 

^ Genus a. -Type species DioZisferea yane^ofa 

Connects with Distasoa 

b. --Type species Dialisierea yaria6i7t> 

c. DiaUsler 
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Connects with Hemophilus 
Tribe B. Bacieroideae 

Genus a. -Type species Bacteroidea mulliformis 

b. Bacteroides 
Connects with Tissieria 

-Type species Bacteroidea fusiformis 

Order II. Bacillomycelales 

Family 1. Baciltaceae 
Sub-family la. Aerobacilloideae 
Tribe A. Aerobacilleae 
Sub-tribe Al. Centrosporineae 
Genus a. Centrosporus 
b. Fusibacillus 
Sub-tribe A2. Aerobacillineae 
Genus a. Aerohacillus 
Tribe B. Pseudobacilleae 
Genus a. Pseudobacillus 
Sub-family lb. Bacilloideae 
Tribe A. Bacilleae 
Sub-tribe Al. Bacillineae 
Genus a. Bacillus 

b. Megatherium 
Sub-tribe A2. Astasineae 
Genus a. Asfasta 
b. Plexus 

Tribe B. Anthraceae 
Genus a. Anthrax 
Family 2. Clostridiaceae 
Sub-family 2a. Bolulinoideae 
Tribe A. Botulineae 
Genus a. Botulinus 

b. Chauvoea 

Type species Bolulinea saccharolytica 

-Type species Bolultnea 6u/ynca 

Tribe B. Pulrijiceae 
Genus a. Putrificus 
Sub-family 2b. Clostridioideae 
Tribe A. Welchieae 
Genus a. Welchia 
Tribe B. Clostridieae 
Genus a. Clostridium 
Order III. Actinomycetales 
Family 1. Mycobacteriaceae 
Tribe A. Aclinobacilleae 
Genus a. Pfeifferella 

Connects with Pasteurella 
J b. Aciinobacillus 

c. Corynebacterium 

d. Erysipelothrix 
Connects with Leptotrichia 
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Tribe B. Mycobactereae 
Genus a. Phlcobacierium 

b. Mycobacterium 
Tribe C. Tissierieae 
Genus a. Distasoa 

b. Tissieria 

Connects with Bacteroxdes, Corynebacterium and Acetobacter 
Family 2. Actinomycetaceae 

Tribe A. Aciinoidomycetaceae 
Genus a. Aclinoidomyces 
Tribe B. Actinomycetaceae 
Genus a. Actinomyces 
Subclass D. Algobacteria 
Order I. Desmobacteriales 
Family 1. Sphaerotilaceae 

Genus a. Sphaerotilus 
Order II. Siderobacteriales 

Family 1. C hlamydolrichaceae 
Tribe A. Chlamydotricheae 
Genus a. Leptothrix 

b. Cretiothrix 
Family 2. Siderocapsaceae 

Genus a. Didymohelix 

b. Siderocapsa 

c. Sideromonas 
Order III. Tkiobacteriales 

Family 1. Rhodobacteriaceae 
Sub-family la. Chromatoideae 
Tribe A. Thiocapseae 
Genus a. Thiocystis 

b. Thiosphaera 

c. Thiosphaerion 

d. Thiocapsa 

e. Thiosarcina 

f. Lamprocysiis 
Tribe B. Thiopedieae 

Genus a. Lampropedia 
b. Tkioderma 
Tribe C. Amoehobacteriae 
Genus a. Amoebobacter 

b. Thiodictyon 

c. Thiothece 

d. Thiopolycoccus 
Tribe D. Chromatieae 

Genus a. Ckromalium 

b. Rhabdomonas 

c. Tkioapirillum 

d. Rhodocapsa 

e. Rhodothece 
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Sab-family lb. Rhodobacteroideae 
Tribe A. Rhodobacleriaceae 


Genus a. 

Rhodobacterium 

b. 

Rhodobacillus 

c. 

Rhodoiibrio 

d. 

Rhodospirillum 

e. 

Rhodosphaera 

Tribe B. Rhodocysteae 

Genus a. 

Rhodocyslia 

b. 

Rhodonostoc 


Connects with Leuconostor. 

Family 2. Beggialoaceae 
Genus a. Thioihrix 

b. Beggxaloa 

c. Thioploca 
Family 3. Achromaliaceae 

Genus a. Achremalium 

b. Thiophijta 

c. Thiospira 

d. Hillhousia 
Order IV. Myxobacteriales 

Family 1. Polyangiaceae 

Genus a. Chondromyces 

b. Polyangium 
Family 2. Myxococcaceae 

Genus a. Myxococcus 

Later Pribram (Klassification der Schizomyceten (Bakterien), Leipzig 
and Wien, 1933, 143 pp.) developed this classification into a suggestive out¬ 
line based on his experience in caring for the cultures of the Krai Collection. 
His most interesting contribution is the separation of the class of Schizo- 
myceles into three subclasses which are based on differences in fundamental 
biological and nutritional relationships. The fourth sub-class of his earlier 
outline (the Protozoobacteria with its single order Spirochaetales) is omitted 
from this outline. The first class, Algohacteria, includes the bacteria that 
are primarily free living in water, usually motile with polar flagellation and 
live on easily soluble foodstuffs. They are frequently surrounded by in¬ 
soluble secretions such as capsules, sheaths, etc., and form insoluble prod¬ 
ucts in their protoplasm, such as calcium, sulfur and iron compounds, and 
pigments. The class EuhacUHa includes those bacteria whose normal 
habitat is the animal body or complex waste products of plant or animal 
origin. Because of adaptation to environment, these organisms are motile 
or non-motile and can utilize compounds of complex molecular structure. 
The third sub-class, Mycobacteria, is adapted to life in soil, and shows a dis¬ 
tinct tendency to differentiation in morphology and spore formation. 

Internationally accepted rules of nomenclature are generally followed, 
and the generic terms proposed in his earlier outline that were not formed 
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in accordance with recommended practices are discarded. He has revived 
Ulmna Kutzing, 1837 (status explained by Buchanan, General Systematic 
Bacteriology, 1925, p. 518) in place of Acetobadcr Beijennck and accepted 
Phcamobacierium (Loewi, Wien. klin. Wchschr., SS, 1920, 730) in p ace of 
Laclobacillus Beijerinck, 1901. Among the spore-forming rods, he has 
accepted Bactrillum Fischer and Welchillus Heller, 1921. Malleomyces 
Hallier (Bot. Ztg., Hy 1866, 383) is used for the glanders bacillus. Anllira- 

eillus is apparently new. 

The new outline has the following form: 

Class. Schizomycetes 

Subclass A. Algobacleria 
Order 1. ^ficTOCoccales 

Family 1. il/icrococcaccae 
Genus a. Micrococcus 

b. Rhodococcus 

c. Rhodocapsa 

d. Thiocapsa 

e. Thiosphaera 

f. Thiosphaerion 

g. Thiocyslis 

h. Lamprocysiis 

i. Sarcina 

j. Thiosarcina 
Family 2. Pediococcaceae 

Genus a. Pediococcus 

b. Lampropedia 

c. Thiolhece 

d. Thiopoly coccus 

e. Thioderma 

f. Amoebomonas 

g. Rhodolhece 

h. Rhodonostoc 

i. Thiophysa 
Order 2. Pseudomonadales 

Family 1. Pseudomonadaceae 
Genus a. Pseudomonas 

b. Rhodobacillus 

c. Chromalium 

d. Nilrosomonas 

e. Vibrio 

f. Rhodovibrio 

g. Myxococcus 

h. Spirillum 

< i. Rhodospirillum 

j. Thiospira 

k. Thiospirillum 
Family 2. Serraiiaceae 

Genus a. Serraiia 

b. Uillhoxma 
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Family 3. Nitrobacieriaceae 
Genus a. Niirohacier 

b. Rhodobacterium 

c. Rhodocystis 

d. Didymokelix 

e. Sideromonas 

f. Siderocapsa 

g. Chondromyces 

h. Polyangium 

i. Amoebobacter 

j. Thiodictyon 
Family 4. Azotobacteriaceae 

Genus a. Rhizobium 

b. Azotobacter 
Order 3. Leplolrichales 

Family 1. Leptotrichaceae 
Genus a. Leptolhrix 

b. SphaerotUus 

c. Crenothrix 
Family 2. Clonothrichaceae 

Genus a. Clonolhrix 
Order 4. Rhabdomonadales 
Family 1. Rhabdonwnadaceae 
Genus a. Beggiatoa 

b. Rhabdomonas 

c. Thioploca 

d. Thiothrix 

Family 2. Spirochaetaceae 
Genus a. Spirochaeta 

b. Treponema 

c. Leptospira 

d. Crisiispira 
0 . Saprospira 

Subclass B. Eubacteria 

Order 1. Aerobacteriales 
Family 1. Aerobacieriaceae 
Genus a. Aerobacter 

b. Escherichia 

c. Salmonella 

d. Eberlhella 

e. Shigella 

Family 2. Pasleurellaceae 
Genus a. Pasteurella 

b. Brucella 

c. Haemophilus 

d. Neisseria 

Order 2. Plocamobacleriales 
Family 1. Slrepiococcaceae 
Genus a. Streptococcus 
Family 2. Ulvinaceae 
Genus a. Proteus 
b. Kurihia 
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c. Ulvina 

d. Plocamobacterium 

e. Leptolrichia 
Family 3. Bacteroidaceae 

Genus a. Dialister 

b. Aerobacteroides 

c. Bacteroides 

d. Fusobacterium 
Subclass C. Mycobacteria 

Order 1. Bacillales 

Family 1. Bacillaceae 
Genus a. Bactrillum 

b. Aerobacillit$ 

c. Bacillus 

d. Anthracillus 
Family 2. Closiridiaceae 

Genus a. Clostridiwn 

b. Welchillus 
Order 2. Mycobacteriales 

Family 1. M ycobacteriaceae 
Genus a. Malleomyces 

b. Actinobacillus 

c. Corynebacterium 

d. Erysipelothrix 

e. Mycobacterium 

f. Distasoa 

g. Tissieria 

Family 2. Actinornycetaceae 
Genus a. Actinomycoides 
b. Actinomyces 

Janke (Cent. f. Bakt., II Abt., 80, 1930, 481) reprints the earlier outline 
prepared by Pribram (1929) and, after commenting on Lehmann and 
Neumann’s (1927) outline, proposes an outline which is slightly modified 
from his own previous (1929) outline. Two new subgeneric terms are used, 
Anaerohacillus and Euhacierium. The sub-genus Aerohacillus is apparently 
not the same as Aerohacilhis Donker (Inaug. Diss., Delft, 1926), nor as 
Aerohacillus Pribram (Jour. Bact., 18, 1929, 361). 

Family I. Micrococcaceae 
Genus 1. Micrococcus 

Divided into 2 sections. 

2. Neisseria 

3. Streptococcus 

Divided into 4 sections. 

4. Sarcina 

Divided into 2 sections. 

Family II. Bacillaceae 
Genus 1. Bacillus 

Sub-genus a. Anaerohacillus or better Clostridium 

Divided into 6 sections. 
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b. Aerohacillus or better Eubacillus 

Divided into 10 sections. 
Family III. Dacteriaceae 

Genus 1. Bacterium 

Sub-genus a. Pseudomonas 

Divided into 6 sections. 

b. Eubaclerium 

Divided into 11 sections. 

c. Trichobacterium 

Divided into 6 sections. 

Genus 2. Fusiformis 

Family IV. Corynobacteriaceae 

Genus 1. y cobacterium 

2. Pfeijferella 

3. Erysipelothrix 

4. Cory nobacterium 

5. Actinomyces 
Family V. Spirillaceae 

Genus 1. Microspira or Vibrio 
Sub-genus a. Microspira 

b. Spirosoma 
Genus 2. Spirillum 

Sub-genus a. Spirella 

b. Dicrospirillum 
Family VI. Spirochaetaceae 
Genus 1. Spirochaeta 

2. Cacospira 

3. Entomospira 

4. Treponema 

5. Cristispira 

6. Saprospira 

7. Leptospira 

Family VII. Desmobacteriaceae 

As in 1929 outline. 

Family VIII. Myxohacteriaceae 

As in 1929 outline. 


Kluyver and Van Niel (Cent. f. Bakt., II Abt., 94, 1936 369) have 
deve oped an outline classification in which they i^dfeate four fines of 

thl sphere u conceivable. 

teria, placing the lophotrichous (and related non-motile) ro^-shaped bac- 

bacr ®r if • This is followed by the family of sp^rical 

bacteria {Mtcrococcaceae) and the family of oermanpntlv a 
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Family A. Pseudomonadaceae 

1. Tribe Spitil'eae 

Genus 1. Thiospirillum 

2. Phaeospirillum 

3. Rhodospirillum 

4. Sulfospirillum 

5. Spirillum 

II. Tribe Vibrioneae 
Genus 1. Chrojnatium 

2. Rhodovibrio 

3. Didijmohelix 

4. Vibrio 

5. Desulfovibrio 

III. Tribe Pseudomonadeae 
Genus 1. Thiothece 

2. Phaeomonas 

3. Rhodomonas 

4. Sulfomonas 

5. Sidcrotnonas 

6. Nilrosomonas 

7. Nilrobacler 

8. Acetobacter 

9. Pseudomonas 

10. RhUobium 

11. Azolobacler 

12. Lisierella 

13. Aeromonas 

14. Zymomonas 

15. Methanobaclerium 
Family B. il/icrococcaccae 

IV. Tribe il/tcrococccae 
Genus 1. Chlorobxum 

2. Thiopolycoccus 

3. Rliodococcus 

4. Achromalium 

5. Siderocapsa 

6. Nilrosococcus 
7 Neisseria 

8. Micrococcus 

9. Veillonella 

10. Peptococcus 

11. Methanococcus 

V. Tribe Sarcineae 

Genus 1. Thiopedia 

2. Thiosarcina 

3. Gajfkya 

4. Sarcina 

5. Zymosarcina 
G. Bulyrisarcina 

7. Melhanosarcina 
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VI. Tribe Sporosarcineae 
Genus 1. Sporosarcina 

VII. Tribe Streptococceae 

Genus 1. Peptosireptococcus 

2. Streptococcus 

3. Betacoccus 
Family C. ycobacteriaceae 

VIII. Tribe Corynebacterieae 

Genus 1. Corynebacterium 

2. Fusiformis 

3. Propionibacterium 

4. Streptobacterium 

5. Betabacterium 

IX. Tribe Mycobacterieae 

Genus 1. Mycobacterium 

2. Thermobacterium 
Family D. Bacteriaceae 

X. Tribe Bacterieae 
Genus 1. Kurthia 

2. Alcaligenes 

3. Bacterium 

4. Aerobacier 

XI. Tribe Bacilleae 

Genus 1. Bacillus 

2. Aerobacillus 

3. Zymobacillus 

4. Clostridium 

5. Peptoclostridium 


S.I/ZiriltaT,*? fecriptive tem,,, 

t T,’T’ 

fDonker, Inaug. Diss., Delft, 1926). ’ Peptoclostridium 

Rahn (Cent, f. Bakt., II Abt 96 1Q^7 97 ■^^ u *11 

tiistrr 

with a single family and ^ Sub-order A. Endosporales 

SnhZZs J™fc. h f “V "«-spo'-fonmng rod. to . 

a temporary eighth family Bacteriaceae. His outline follows: 
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Order Euhacteriales 

Suborder A. Endosporales 
Family I. Endosporaceae 
Genus 1. Bacillus 

2. Aerobacillus 

3. Clostridiiun 
Suborder B. Asporales 

Family I. Gramoxidaceae 

Genus 1. *1/tcrococcws (including iS/ap/ij/?ococci/s, Gaff- 

kya, Rhodococcus and most of the species 
of iSarcina) 

2. Kurthia 

Family II. Gramanoxidaceae 
Tribe a. Streptococceae 

Genus 1. Streptococcus (including Diplococcus) 

2. Leuconosioc 

3. Peptostrepiococcus 
Tribe b. Lactobacilleae 

Genus 4. Lactobacillus (including part of Bacier- 

oides) 

5. Propionibacterium 
Tribe c. Sarefneae 

Genus 6. Zymosarcina 

7. Butyrisarcina 

8. 3/et/ianosarcina 
Family III. Neissereaceae 

Genus 1. Neisseria 
2. Veillonella 

Family IV. Proiobacteriaceae 
Tribe a. Protobacterieae 

Genus 1. Carboxydomonas 
2. M elhanomonas 
Tribe b. Nitrobacterieae 
Genus 1. Nilrosomonas 

2. Nitrobacier 

3. Nilrosococcus 
Family V. Enlerobacleriaceae 

Genus 1. Enterobacler (including Escherichia, Sal¬ 
monella, Aerobacter, Klebsiella, Proteus, 
Erwinia, Eberthella, Shigella, and parts 
of Serratia, Pseudomonas, Flavobacterium 
and Achromobacter) 

FamilyVI. Pseudomonadaceae 

Genus 1. Pseudomonas (includes Phylomonas and 

other lophotrichous types only) 

2. Vibrio 

3. Spirillum 

4. Acelobacter 

5. Azoiobacter 

6. Rhizobium 
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Family VII, ParvohactcTiaceae 
Genus 1. Brucella 

2. Pasteurella 

3. IJcjnophilus (including Dialisler) 

Family VIII. Bacleriaceae 

Unclassifiable genera including Alcaligenes 
and Protaminobacter; some species from 
each of the following genera, Achromobac^ 
Ifr, C/tromo6ac/cnum, Cellulomonas, Bader- 
Oidcs, Flavobacierium, Phytomonas, Pseudo- 
monas, Serratia; and three species from the 
Family Niirobaderiaceae. 

One of the generic terms used in this outline is new, i.e., Enterohacter. 
Two other generic terms, Fluorcscens and Erythrohacicriumj are proposed 
incidentally (p. 284). The first includes the peritrichous forms included in 
the AIanual under Pseudomoyias and the second includes those red, non¬ 
spore-forming rods that are not included in Serratia. In another footnote 
(p. 281) a substitute, Virgula, is suggested for Enterohacter. Emphasis is 
placed on sporulation, Gram stain, and oxygen demand as the most im¬ 
portant characters aside from cell form and flagellation. 

Pr^vot, as an outgrowth of his studies on anaerobes with Weinberg 
(Weinberg, Nativelle and Pr^vot, Les microbes anadrobies, 1937, 1186 pp., 
Pans), has written a series of papers in which he has developed a classifica¬ 
tion of anaerobic bacteria (Ann. Sci. Nat., 10 S4r., 15 , 1933, 23-260- Ann. 
Inst. Past., 60 , 1938, 285-307; 61 , 1938, 72-91; 64 , 1940, 117-125). The 
conclusions reached in these studies are summarized in his Manual de Clas¬ 
sification et de Determination des Bacteries Anaerobies, Monographic de 
I Institut Pasteur, Paris, 1940, 223 pp. He regards the bacteria as com¬ 
prising a kingdom, Schizomycctes, intermediate between the animal and 
plant kingdoms and notes the presence of strict anaerobes in at least three 
of the seven orders recognized in the 5th edition of the Manual. These 
orders he regards as classes. The genus Bactcroides Castellani and Chalm¬ 
ers (Manual of Trop. Med., 3rd ed., 1919, 959) type species, Bactcroides 
fragihs, is dropped (Ann. Inst. Past., 60 , 1938, 288), and several new terms 
are proposed for the organisms included by Castellani and Chalmers and 
later investigators in the genus. Among the new generic names is Ristella 
which IS based on Ristella fragilis, the species used by Castellani and 
Chalmers as the type species for Bacieroides. 

The complete outline classification developed by Pr^vot in his Mono- 
graph (toe. cii., p. 17) is given below: 

Kingdom. Schizomycetes Nagcli 
Class I. Eubaderiales 

Sul^CIasa I. Non sporogenous Eubaderiales 
Order I. Aftcrococca/es 
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Family I. Neisscriaccae 
Tribe I. Neissericac 
Genus a. Ncisfieria 
Tribe 2. Veilloncllcae 
Genus n. Veillontlla 
Family 2. il/icrococcrtceue 
Tribe 1. Slreplococceae 
Genus a. Diplococcus 

b. Streptococcus 
Tribe 2. Staphylococccac 
Genus a. GaJJ'kia 

b. Slaphyhcoccus 
Tribe 3. il/icrococccae 
Genus a. Sarciua 

b. Micrococcus 
Order II. Bacieriahs 
Family 1. RislcUaccac 
Genus a. Jiistella 

b. PaslejtreVa 

c. Dialistcr 

d. Zuberella 

e. Capsularis 
Family 2. Bacleriaceae 

Genus a. Eubacterium 

b. Calcnabacterium 

c. Bamibacterium 

d. Cillobaclerium 
Order III. Spirillales 

Family 1. Vibrionaceae 
Genus a. Vibrio 

Sub-class II. Sporogenous Eubactcriales 
Order I. Clostridialcs 

Family 1. Endosporaceae 

Genus a. Endosporus 
b. Paraplcctrum 
Family 2. Clostridiaceae 
Genus a. Inflalilis 

b. Welchia 

c. Clostridium 
Order II. Pleciridiales 

Family 1. Terminosporaceae 

Genus a. Terminosporus 
b. Caduceus 
Family 2. Plcctridiaccae 

Genus a. Plectridium 
b. Acvformis 

Order III. Sporovibrionales 
Family 1. Sporovibrionaceae 
Genus a. Sporovibrio 
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Class II. Actinomycetales 

Family 1. Spherophoraceae 

Genus a. Spherophorus 

b. Spherocillus 

c. Fusiformis 
(j. Fusocillu$ 
e. Leptotrichia 

Family 2. Actinoniycetaceae 

Genus a. Aclinobacterium 

b. Bifidibaclerium 

c. Corynebacterium 
Class III- Spirochetalcs 

Family 1. Spirochaetaceae 
Genus a. Treponema 
b. Borrelia 


In this outline, there are minor modifications in the names and in endings 
given to the orders and tril:)es as compared with those given in his prelim¬ 
inary papers. In the Order MicrococadeSy Lcuconostoc has been dropped 
as a genus of the tribe Streptococceae and Rhodococciis has been dropped as 
a genus of the Tribe Staphylococceae, Veillondla proposed by Pr^vot as a 
new genus in 1933 {loc. cii.y p. 70) is included as a genus in the Family 
Neisseriaccae. The spelling of Gaffkya is changed to Gaffkia. In the first 
of Prevot’s papers published in 1938 {loc, cit.), he proposes the following 
new genera in the Ovdev Baclcriaks: Rislellay Zuberella, CapsuIanSy Euhac- 
terium, Catenahacieriumy Ramihacterium and Cillohacteriiim. In the same 
paper he also proposes the following new genera in the Order Actinomy- 
ceiales: Spherophorus, Spherocillus, Fusocillns, Pseudoleptothrix (withdrawn 
in 1940 in favor of Leptotrichia Trevisan). Fie also accepts one genus 
Actinohacteriurn (Haas, Cent. f. Bakt., I Abt., Orig., 40, 1906, 180) not 
previously mentioned in this discussion. With the single change noted 
{Pseudoleptothrix to Lepototrichia), the outlines of the genera in the orders 
Bacteriales and Aclinomijcetales remains in the 1940 outline as it was given 
in 1938, 


In the outline given in Prevot’s jMonograph {loc. cit., p. 17) one change is 
made in the generic terms recognized in the Order Clostridiales from those 
recognized in his second paper published in 1938. The genus name 
Pahnula proposed in 1938, having been found to be invalid because of prior 
use for a genus of Protozoa, is changed to Acuformis. Other generic names 
which appeared for the first time in the 1938 outline are Endosporus, 
Iriflabilis, Terminosporus and Caduceus. Welchia proposed by Pr4vot in 
■•933 {loc. cit., p. 44) was previously proposed by Pribram (Jour. Bact., 18y 
1929, 374) for the same group of anaerobic spore-forming rods. A third 
order, Sporovibnonales, is proposed by Pr6vot in his Monograph {loc. cit., 
p. 15) to include the family Sporovibrionaceae (Ann. Inst. Past., 64 , 1940, 
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119). This order and family include a single genus Sporovihrio StavkQy 
(Arch. f. jMicrob., 9, 1938, 300) syii. Dcsulfovibno Kluyver and Van Kiel 
(Cent. f. Bakt., II Abt., 94, 1930, 389). Two genera (Treponema and 
Borrelia) of Spirochaetaks are listed by Pr^vot in his IMonograph (loc.eit., 

p. 16) as including anaerobic species. 

Stanier and Van Niel (Jour. Bact., 4^, 1941, 437-400) have proposed a 
rearrangement of the classification outline as indicated belo\\: 

Kingdom Monera 

Division 1 Myxophyta (Blue-green algae) 

Division II Schizomycetae (Bacteria) 

Class I Eubacteriae 

Order I Rkodobacteriales 

Order II Eubacteriales 

Order III Actinomycetales 

Class II Myxobacteriae 

Order I Myxobacteriales 

Class III Spirochaeiae 

Order I Spirochaetaks 

Appendix to Division Schizomycetae 

Group I Includes two families, Leplotrichaceae and Crerwthri- 

caceae 

Group II Ac/iramatiaccae 

Group III Pasteuriaceae (Includes three genera, Pasteuria, Jlypho- 

micTobium and Blaslocaulis) 

4 

The genera Mycobacterium, Corynehactenum, Enjsipelothrix, Leptoinchia, 
Nevskia, Gallionella, Caulohacter, Thiospira, Siderocapsa and Sideromonas 
are placed in Eubacteriales. Two genera not previously discussed in this 
review whose relationships to other bacteria have recently been clarified 
are Sporocytophaga Stanier (Jour. Bact., jO, 1940, G29) and Cyiophaga 

Winogradsky (Ann. Inst. Past., 4^y 1929, 578). 

This rearrangement has been carried out by including the organisms 
placed in the Order Caulobacteriales Henrici and Johnson (Jour. Bact., SO, 
1935, 61-93) in the Order Eubacteriales (Buchanan, Jour. Bact., 2, 19^, 
162), The genera of the Order Chlamydohacteriales Buchanan (/oc. ett) 
are transferred to an appendix or are dropped (Clonothrix) as belonging to 
the blue-green algae. Three of the remaining five orders are raised to the 
rank of classes, one of which (Eubacteriae) includes three orders Rhodo- 
bacteriales (Pringsheim, Lotos, 71, 1923, 351), Eubacteriales (Buchanan, 
loc. cit.) and Actinomycetales (Buchanan, loc. cit.). Rkodobacteriales in¬ 
cludes the sulfur purple, the non-sulfur purple and the gi’een bacteiia, the 
colorless sulfur bacteria (Beggiatoaceae) being transferred to the Myxophyta 
with the change of the name of the Order from Thiohacteriales Buchanan 
(loc, cit.) to Rkodobacteriales Pringsheim (loc. cit.). 
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The outline classification below is proposed by the Editorial Board of the 
Manual for use in the present (0th) edition of the Manual. It is based on 
those developed by Bergey ct al. in earlier editions. These, in turn, were 
based on the outline classifications developed by Buchanan (Jour. Bact., 1, 
1910, 591; 1917,155 If.; 5,1918, 27 ff.) and Winslow et al. (Jour. Bact., 5, 

1920, 191). 

Pliylum Schizophijta 

Class I. Schizophyceae 
Class II. Schizoinycetes 
Order I. Eubacteriales 

Sub-Order I. Eubacteriincae i\nc\udcsCorynebacteriaceae) 
Sub-Order II. Cautobacteriineae 
Sub-Order III. Rhodobacteriineae 
Order II. Actinomycetales {\ncUides MycobacleriuTn^ Aclinomyces, 

and related genera) 

Order III. Chlamydobacleriales 
Family I. Leptotrickaceae 
Family II. Crenolhrichaceae 
Family III. Beggiatoaceae 

Appcndi.x Achromahacea. 

Order IV. Myxobaclerialcs 
Order V. Spirochaeiales 

Supplement: Groups whose relationships are uncertain. 

Group I. Order liickeltsiales. Group II. Order Virales. Group III. 

Family Dorreloniycelaceae. 

In this, the arrangement of Schizomycetes as a class coordinate with 
Schizopltyccacj both belonging to a phylum Schizophyla of the plant king¬ 
dom, is maintained as before. The number of orders is reduced from seven 
as given in the fifth edition of the AIanual to five, through recognition of 
the fact that the rigid, unicellular, sometimes branching but never truly 
mycelial nor filamentous organisms belonging to three of the previously 
recognized orders are presumably more closely related to each other than 
they arc to the organisms in the four remaining orders. The family Coryne^ 

bacleriaceae has been transferred from the order Aciinomycetales to Eubac- 
ieriales. 

The colorless, filamentous, sulfur bacteria (Beggiatoaceae) have been 
placed in the order Chlamydobacleriales with the other filamentous bacteria 
that are clearly related to the blue-green algae. While this marks the 
greatest deviation from the outline previously used, and separates these 
colorless sulfur bacteria from the purple sulfur bacteria placed in Rhodo- 
bacleriiaeacy it is in accordance with the arrangement accepted by Lehmann 

^ Pringsheim (Lotos, 77, 

1923, 307) and others. Rhodobacteriineae is also limited to the purple and 

green bacteria as suggested by Pringsheim (he. ciL) and accepted by ICIuy- 

ver and Van Nicl (loc. ciL), by Stanier and Van Niel (loc. tit.) and others. 
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The Rickettsiales and Borrelomycetaceae are placed in a supplement as 
their relationships are still obscure. Several authors would place them 
near some of the organisms now placed in Pasleurella and Haemophilus. 
The viruses {Virales) whose nature and relationships are still more ob¬ 
scure are also placed in a supplemental group. 

Although this outline maintains the simplicity that distinguished its 
predecessors, and provides places for all types of microorganisms thus far 
described that may properly be grouped under the fission fungi, it should 
not be regarded in any sense as final. An attempt has been made to express 
natural relationships, but these are so frequently obscure or unknown that 
in many places utilitarian considerations have prevailed. In some places, 
groups of known doubtful significance have been allowed to stand as they 
are out of a desire not to make unnecessary changes. It has appeared 
desirable to be conservative in making changes in the outline as used 
previously. 

Addenda: After the above was in page proof, it was discovered that 
reference to the outline classification of Gieszczykiewicz (Bull. Adad. 
Polonaise d. Sci. et d. Lettres, Cl. Sci. Math, et Nat., S§r. B., 1939, 27 pp.) 
had inadvertently been omitted. This outline has some features like the 
outline that Lehmann and Neumann used in 1927 (see p. 17) and some 
like the outline used in the 4th ed. of the Manual. 

The genus BacleriuM is retained as in the Lehmann and Neumann out¬ 
line for Gram-negative, non-spore-forming, peritrichous or polar flagellate 
rods. Twelve sub-genera are recognized and these bear subgeneric scien¬ 
tific names that are much the same as those used for genera in the 4th ed. 
of the Manual. A new subgeneric name Enterobacterium (see Entero- 
hacter Rahn) is proposed to cover the genera Escherichiaj Aerohacterj 
KUbsiella, Salmonella, Eberthella and Shigelkt. Loefflerella previously used 
by Gay et al. (Agents of Disease and Heat Resistance, Indianapolis, 1935, 
782) is here also used as a subgeneric name for the glanders bacillus; and 
Chromobacterium is used for the organisms more properly placed in Serralia 
Bizio. 

Corynebactenum is transferred from the order AclinomyceUiUs to Eubac- 
teriales and the family Corynebacteriaceae is made to include Lactobacillus, 
^rysipeloihrix and Fusobacterium. Among the Spirochaelales, the genus 
name Spirochaeta is displaced by a new generic term, Ehrenbergia, and is 

itself used to displace Borrelia. 

A seventh order Rickettsiales is proposed to include two families: Rickett- 
siaceae with one genus Rickettsia da Rocha Lima (Berl. klin, Wchnschr., 
1916, 567); and Bartonellaceae with the genera, Bartonella Strong, Tyzzer, 
Brues, Sellards and Gastiabuni (Jour. Amer. Med. Assoc., 61, 1913, 
1713), and Grahamella Brumpt (Bull. Soc. Path. Exot., 1911, 514). 
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During 1945, Soriano (Cicucia e Investigaci6n, i, 1945, 92-94 and 146- 
147; Rev. Argentina de Agrononiia. 12 , 1945, 120) proposed an arrange¬ 
ment of the Class Schizomycetes in whieli he recognizes a new Order, Flexi- 
bacteriales, to include tl\e families ( ylophayaceae and Bcgyiatoaceae and 
an entirely new Family F/cx/6ac/cmccoe containing a single genus Flexi- 
bactcr. The latter includes five newly recognized species of Ilexuous bacteria 


as follows: Flcxibacicr flexilis, type species, F. clegans, F. giganteus, F. al~ 
buminosus and F. aureus. 

The outline given below shows how this new order and now family are 
fitted by Soriano into the classification used in the fifth edition of the 


AIanual. 


Class Schizomyccfcs 


Subclass Eubacterin. Rigid cnlls. 
Order I. Eubaclcrialcs 
Order II. Cuulobacfcrialca 
Order III. RhoJobnclerialcs 
Order I\ . Actinomycelales 
Order \ . ChlatnyHobnclcnalcs 


Subclass Flcxibacteriu. Floxuous cells. 
Order \ 1. Flexibactcriales 
I'amily I. Cytophagaccar 
Family II. Bcggiiiloaccac 
Family III. Flexibacta *i(icruc 
Order t II. Myxohacierialcs 
Order \ III. Spirochaetalcs 


Prevot GVnn. Inst. Past. 7^, 1946, 1) has developed his classification of 
Class Achnomycclales, subdividing it into orders and including several 
genera not recognized in his 1940 outline. This classification is as follows: 


Order I. Actinobactci tides. 
Family I. Spherophoraceac. 
Genus I. Spherophorus 
Genus II. Havcrhillia 
Genus III. Sphcrocillus 
Genus IV. Fustformis 
Genus V. Fusocdlus 
Genus VI. Lcplotrichia 


order. Not acid-fast 
lamily II. Actinomycclaceac. 
Genus I. Aclinomi/ccs 
Cicnus 11 . Prmtclinomyccs 
Cicnus III. Corym-haclerium 


Genus IV, Aclinnbacfcri Uff 

Genus \ . Bijidibactcriuni 

i JT yr , . . Genus VI. Erysipclolhrix 

Order II. Mycnbactenales. New order. Acid-fast 

Genus I. Mycobacleriuin 


Glass ActinomyecUdes 
Xew 
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This classification differs from that used in this edition of the iM. 4 N-u.\l 

in that It places several genera of Gram-negative organisms in Actinomy- 

cetales. These are Spherophorus, Havcrhillia, Spherociltus, Fusiformis and 

raso^Z/Ms all of which are mcluded here under Parvohaclenaceac. Lep- 

ofnefea which Prevot regards as Gram-negative is generally accepted as 

bemg a Gram-pos.tive group. It is discussed in this edition of the M.vNU.tL 
m connection with the genus Lactobacillus. 


HOW BACTERIA ARE NAMED AND IDENTIFIED* 


Some principles of taxonomy and nomenclature. “Taxonomy is that 
branch of biology that deals with the orderly arrangement of plants and 
animals” (Johnson, Taxonomy of the Flowering Plants, New York, 
1931, p. 3). 

The necessity for applying names to species or kinds of bacteria is self- 
evident. It is highly desirable that the name applied to an organism by 
one person should be understood by others. It is further desirable that as 
far as practicable all individuals use the same name for the same kind of 
organism. It is helpful, therefore, if there can be an agreement regarding 
the method of naming organisms, and as to the correct name for each 
organism. The term nomenclature is applied to the naming of plants and 
animals, and under this term may be included all discussions as to methods 
of naming and correctness of particular names. 

It is not enough that bacteria be named. Some method of classification 
of the bacteria is essential if the names are to be rendered accessible and 
available, and identification of unknown forms be made possible. Taxo¬ 
nomy is that branch of biology which treats of classification in accordance 
with a convention or law. It is apparent that taxonomy must be depend¬ 
ent in part for its satisfactory development upon nomenclature. Even 
though there may not be agreement among bacteriologists as to the exact 
classification that is to be used, nevertheless it is highly desirable that there 
be agreement as to some of the fundamental characteristics of satisfactory 
biological classifications in general. 

What kinds of names are used. Two kinds of names are commonly 
given to the different kinds of plants and animals, the common, provincial, 
vernacular or casual names on the one hand and the international or scien¬ 
tific names on the other. These should be carefully differentiated, and their 
respective advantages and disadvantages noted. 

It is inevitable, and on the whole probably desirable, that for each kind 
of familiar animal or plant in each language there will be coined a name. 
Usually the name for the same organism will be different in each language. 
For example, we have in English Oak, in German Eiche, in Latin Quercus, 
otc. For many uncommon kinds, however, there may be no such vernacu¬ 
lar names developed. There have been, of course, many casual or vernac¬ 
ular names given to kinds of bacteria. In English we speak of the tubercle 
bacillus, the typhoid germ, the gonococcus, the Welch bacillus, the golden 

* Contributed by Prof. R. E. Buchanan, Iowa State College, Ames, Iowa, January, 
1934; revised, March, 1943, 
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pus COCCUS, and many others. Similarly, we find in German Typhus- 

bazillen and m French bacille typhique, enterococcus, etc. The use of 

these common names offers certain advantages. It does away frequently 

with the necessity of repeating longer and more formal scientific names. 

Not infrequently scientific names may be adopted into a language, and 

converted into vernacular names. For example, the English name aster 

and the scientific generic name Aster are applied to the same group. This 

IS frequently a convenience, but there are also some dilficulties, which will 
be emphasized below. 

In contrast to common, vernacular or casual names, the scientific name 

for each kind of organism (each plant or animal) is supposed to be the same 

m all countries and in all languages. When such a scientific name is used, 

no question should arise m any language as to what organism is intended. 

ihe names thus applied are supposed to conform to certain general rules 

that have been formulated by international agreement. Obviously the use 

of such names IS advantageous whenever one is desirous of accuracy, and of 

jeing definitely understood in all languages. It is further evident that in 

aU questions relating to taxonomy and classification it is highly desirable 
that the scientific names be used. 

Hiles for nomenclature. In order that there be an inter- 
ational set of scientific names, it is essential that there be an international 
agreement as to the rules which should govern their creation. Both of the 
great groups of biologists, the botanists and the zoologists, have met in 

the Treef Congresses in which delegates were accredited by 

instituHon^nh''^ zoological societies, museums, and educational 

shall heT , Codes of nomenclature designed to tell how names 

essentials for botany and zoology, although they differ in some details. 

adantabirte th o'.thor or both of these codes satisfactory or 

adaptable to the use of bacteriologists. Three views have been expre^ed 

by various writers. Some few have suo^cested that th^ no * r * * 

« well con,.™ „ the .pp,.ved ,1°“',““ 

t™. “’>11 one, insisted Ihnt L- 

cellular forms of life are neither plants or animals, but protista and that 

snaoiendp ..S 'Z 
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they apply) the international agreements of the botanists (or zoologists) 
should be used as a basis for naming them. 

International opinion on this topic was finally crystallized by resolutions 
adopted by the First International Congress of the International Society 
for Microbiology held in Paris in 1930 and by the Fifth Internationa! 
Botanical Congress held in Cambridge, England in the same year. 

The resolutions unanimously adopted by the plenary session of the 
InteiTiational Society for ]\Iicrobiology were in part as follows: 

“It is clearly recognized that the living forms with which the micro¬ 
biologists concern themselves are in part plants, in part animals, and in part 
primitive. It is further recognized that in so far as they may he applicable 
and appropriate the nomenclatural codes agreed upon by International 
Congresses of Botany and Zoology should be followed in the naming of 
micro-organisms. Bearing in mind, however, the peculiarly independent 
course of development that bacteriology has taken in the past fifty years, 
and the elaboration of special descriptive criteria which bacteriologists 
have of necessity developed, it is the opinion of the International Society 
for Microbiology that the bacteria constitute a group for which special 
arrangements are necessar3^ Therefore the International Society for 
Microbiology has decided to consider the subject of bacterial nomenclature 

as a part of its permanent program.” 

The International Society of Microbiologists established a permanent 
Nomenclature Committee to pass upon suggestions and to make recom¬ 
mendations. This committee is composed of members from all participat¬ 
ing nations. Two secretaries were named, one (Dr. St. John-Brooks of the 
Lister Institute, London, England) to represent primarily medical and 
veterinary bacteriology, and one (Dr. R. S. Breed, New York State Agri¬ 
cultural Experiment Station, Geneva, New York, U. S. A.) to represent 
other phases of bacteriology. 

The cooperation of the International Botanical Congress was solicited 
in the naming of this committee. The resolutions were approved by the 
Section on Bacteriology of the Botanical Congress and the Congress itself 
incorporated into the Botanical Code certain special provisions relating to 
the bacteria. It also specifically recognized the International Committee 
as the body to prepare recommendations relating to bacterial nomenclature. 

It is apparent, therefore, that there has been international agreement 
(in so far as this can be achieved) that bacteriologists should follow the 
botanical or zoological codes in the naming of bacteria to the extent they 
are applicable, and that exceptions or new problems should be presented 
to the International Committee. 

These rules are so important in determining the validity of bacterial 
names that the rules of the Botanical Code are included in somewhat 
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abridged form in the section that follows this introduction. Any student 
who has occasion to name a new sjiecies or a new genus or determine the 
validity of a name should familiarize himself with these mles and recom¬ 
mendations. 

An effort has been made in the present volume to use nomenclature in 
conformity with these rules. 

Some general principles of nomenclature. Every student of bacteriology 
should be familiar with certain rules of nomenclature if he is to use names 
intelligently. If he wishes to correct names improperly used or if he desires 
to name new species, there are additional rules which he must observe. 

1. Each distinct kind of bacterium is called a species. 

2. To each distinct species a name is given consisting usually of two 
Latin words, as Bacillus subtilis. 

3. The first word is the name of the genus or group to which the organism 
belongs. It is always written with a capital letter. It is a Latin or Greek 
^\old, or a new word compounded from Latin or Greek roots, or it may be 
derived from some other language; but this is important, whatever its origin 
when used as a generic name it must be regarded and treated as a Latin 
noun. If it is a word not found in classic Latin, it is regarded as modern 
Latin. Some generic names in bacteriology which are Latin or formed 
from Latin roots are Bacillus (masculine) a small rod; Cristispira (fem¬ 
inine) a crested spiral; Lactobacillus (masculine) a milk small rod; Sarciiia 
(feminine) a packet or bundle. j\Iany others are words from the Greek or 
compounded from Greek roots, with the w'ords transliterated into Latin 
letters and endings in conformity with Latin usage; W'ords of Greek origin 
are iVicrococcus (rriasculine) a small grain (sphere); Bacterium (neuter) a 
small rod; Clostridium (neuter) a small spindle; Corynebacterium (neuter) 
clubbed small rod; Actinomyces (masculine) ray fungus. Other generic 
names have been given in honor of persons or places as Beggiatoa (feminine), 

Bon-eha (feminine), Eberlhella (feminine), PasteureUa (feminine), Erwinia 
(feminine), Zopfius (masculine). 

4. The second word in the scientific name is a specific epithet. It is nol 

capitalized except that certain authors capitalize species names derived 
from proper nouns. 

It may be: 

(a) An adjective modifying the noun, and indicating by its ending agree¬ 
ment with the generic name in gender, as Bacterium album (white Bac- 

r Bacillus), Sarcina alba (white Sarcina), 

Eberlhella dtspar (the different Eberthella), Bacterium variabile (the variable 

Bactenum), Bmcella mehlensis (the maltese Brucella), Bacillus teres (the 
lounded Bactlhcs), Bacillus graveolens (sweet-smelling Bacillus). 
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Typical adjeciives 


Mftsculino 

Fomluine 

Neuter 

albus 

alba 

album 

niger 

nigra 

nigrum 

iener 

ienera 

teneruin 

acer 

acris 

acre 

variabilis 

variabilis 

variabile 

dispar 

dispar 

dispar 

coccoides 

coccoides 

coccoides 

aerogenes 

aerogenes 

aerogenes 


(b) An adjective in the form of the present participle of a verb, as 
Clo&lndium dissolvens (the dissolving Clostridium, in the sense of the 
Clostridium which is able to dissolve), Bacillus adimereris (the adhering 
Bacillus), Acetobacter ascendens (the climbing Acetobacter), Bacillus estcrifi- 
cans (the ester-producing Bacillus). The endings for present participles 
used as adjectives are the same for all genders. The past participle is used 
occasionally, as in Pseudomonas aptata (the adapted Pseudomonas), Spiril¬ 
lum atlenuatum (the attenuated Spirillum). 

(c) A noun in the genitive (possessive) modifying the generic name. 

There is no necessary agreement in gender or number. Examples, Clostri¬ 
dium welchii (Welch’s Clostridium), Salmonella pullorum (the Salmonella 
of chicks). Streptococcus lactis (the Streptococcus of milk). Brucella abortus 
(the Brucella of abortion), Clostridium tetani (the Clostridium of tetanus), 
Diplococcus pneumoniae (the Diplococcus of pneumonia). Salmonella 

anatum (the Salmonella of ducks). 

(d) A noun in apposition, that is, an explanatory noun. Ihis does not 
agree necessarily mth the generic name in gender. This method of naming 
is relatively not common in bacteriology. Examples are Actinomyces 
scabies (the scurf or scab Actinomyces), Bacillus lacticola (the milk-dweller 

bacillus). Bacillus radicicola (the root-dweller bacillus). 

5. The author of the name is often indicated following the name of the 
species, as Bacillus subtilis Cohn. Sometimes a name is indicated also in 
parenthesis, as Micrococcus luteus (Schroeter) Cohn. This means that 
Schroeter first named the species, giving it the name luteus, but placed it in 
another genus {Bacteridium). Cohn placed it in a new genus. It should 
be noted that the name of a person, following the name of an organism is 
frequently not the person who first discovered or described it, but the person 
who first gave it the name used. For example, Clostridium welchii (Migula) 
Holland was first described by Dr. Wm. H. Welch, but not named by him. 
It was named by Migula in honor of Dr. Welch and later it was placed in 

the genus Clostridium by Holland. 

6. Sometimes species of bacteria are subdivided into varieties. These 
are likewise given Latin designations, and the entire name written as: 
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Streptococcus lactis var. maltigenes (the Streptococcus of milk producing 
malt flavor). 

Some principles of taxonomy. It is important further that the student 
of bacteriology’ recognize the meaning of certain terms used regularly in 
classifications. 

(1) Species (plural species). A species of plant (or animal) is assumed 
above to be one kind of plant. But how much difiference must exist be¬ 
tween two cultures of bacteria before one is justified in regarding the organ¬ 
isms in them as being of distinct kinds or species? No rule can be laid 
dowm. It depends largely upon convenience and a more or less arbitrary 
decision. As stated by Hitchcock (Descriptive Systematic Botany, New 
York, 1925, p. 8): “The unit of classification is a coherent group of like 
individuals, called a species. The term is difficult to define with precision 
because a species is not a definite entity, but a taxonomic concept.” Muck¬ 
er and Pederson (New York Agric. Exper. Sta. Tech. Bull. 167,1930, p. 39) 
state: “The difficulty met with among these lower forms in dividing them 
into well-defined groups has led many to question whether these small 
groups or ‘species* are natural groups and whether such groups can be 
considered to be similar to ‘species’ among higher forms. However this 
may be, it is necessary to arrange bacteria as well as possible into groups or 
so-called ‘species' for convenience in classification,” and again (Hucker, 
New York Agric. Exper. Sta. Tech. Bull. 100, 1924, 29), “characters 
applicable to the differentiation of species must evidence a certain amount 
of constancy when studied over a large series of tests. Furthermore, 
characters adapted to the differentiation of larger natural groups or genera 
should, in addition to constancy, show some correlation with other constant 
characteristics. The presence of this relationship or correlation between 
characters for the division of genera indicates that the groupings are being 
made along natural rather than artificial lines.” 

Type culture. It is quite evident that when a new species of bacterium 
is described, it must include the particular culture from which the species 
description was made. This original culture is termed the type culture. 
We may develop a definition as follows:—A species of bacterium is the type 
culture or specimen together with all other cultures or specimens regarded 
by an investigator as sufficiently like the type (or sufficiently closely related 
to It) to be grouped with it. It is self-evident that different investigators 
may not draw the same boundaries for a given species. This leads to some 
practical difficulties, but no better definition has been evolved. 

There are certain special cases which require brief discussion. 

(a) How should one designate the different stages in an organism that 
exhibits a growth cycle? There seems to be increasing evidence that certain 
bacteria show cycles in morphology which parallel to some degree those well 
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kno\vn among the fungi. Such, for example, may well be the lough (II) 
and smooth (S) types described for many bacteria, possibly the filterable 
stages noted by many authors, the so-called G types, etc. It is evident that 
an adequate description of any species of bacterium should include a de¬ 
scription of each of these stages in the cyclical development wherever such 
is proved to exist. In all other cases in botany and in zoology winch 
involve growth stages or cycles one stage has been chosen and designated 
as the mature or adult or perfect stage. In ferns, for example, names an 
classifications are based largely upon the sporophytic generation, m insects 
upon the adult or imago, in the rusts upon the stage in which the telcuto- 
spores are produced. There has been no international agreement as to 
what stage should be thus designated for the bacteria. Beyond doubt, it 
would be the stage which is most easily cultured and studied m the labora¬ 
tory, the stage with which we are best acquainted in the laboratory. It 
might easily happen in bacteria (as it has with fungi) that two i teien 
stages of the life cycle of single species have been described and named as 
separate species. When the mistake has been discoveied, the name 
to the mature or perfect stage is the one that is accepted. In general the 
descriptions given in the present volume are those which may be regarded 
as belonging to the perfect stage. Unfortunatelj' it is not jet po^i e 
accurately to group the stages in many of the bacteria that have definite 

growth cyclss* 

It is desirable frequently to designate the stage with which one is working. 
This may be done by some conventional symbol, as S (smooth type), O 

(filterable stage), etc. . 

(b) How should one designate variants which differ m some minor le- 

spects from the type, but which do not constitute growth stages? For 
example, the species Bacillus subtilis normally produces endospores. Sup¬ 
pose that an asporogenous race is derived from such, agreeing with the 
parent culture in all respects, but showing no tendency to revert to spoi e 
production. What such an organism should be called is a matter of judg¬ 
ment. It might frequently be designated as an asporogenous strain, or 
more technically if one desires as a variety. It might be termed, for 
example. Bacillus subtilis var. asporus. In other cases such expressions as 
Diplococcus pneumoniae Type I, or the Rawlings strain o t le typ oi aci 

lus may be used. , ^ 

Unfortunately there is no general agreement upon the exact significance 

which the word “strain^’ should have in bacteriology. It is recommended 

that it refer merely to source, e.g. the Rawlings strain of Eberlhellaiyphosa 

and that it be never used to connote a biological character. This would 

not prevent such expressions as “a non-motile strain of Salmonella smpes- 

tifer*\ but it would make erroneous a statement to the effect that the A 
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strain of influenza virus differs from the B strain in certain ways. In 
other words, “strain” is not a synonym of "type” or "variety”. We may 
have as many yellow strains of the typhoid bacillus as we have of cultures 


of it, from different sources or specimens. 

(2) Genus (plural genera). A genus is a group of related species. In 
some cases a genus may include onh' a single species (is said to be monotypic) 
in most cases several to many species are included in a genus. The ques¬ 
tion asked above may be paraphrased. Plow close must be the resemblances 


(how close the relationships) among the species of a group to entitle them 
to inclusion in the same genus? In other words, how is it possible to de¬ 
limit accurately the boundaries of a genus? This is a matter on which 
there is no agreement, and probably can be none. jMuch of the confusion 
in modern bacteriological terminology is to be attributed to this fact. 
Ne\ ertheless, in course of time experience tends to delimit many genera 
with reasonable accuracy. As stated by Hitchcock (Descriptive Sys¬ 
tematic Botany, New York, 1925, p. 9): “Convenience may play a role in 
determining generic lines. Extremely large groups may be broken up on 
the basis of differences of smaller degree not common to a group of closely 
allied species, than if the group consisted of a few species. In general, the 
botanist, in delimiting genera, keeps in mind two important requirements, 
that of showing natural affinities and that of aiding correct identification.” 
How^cver, a genus may be defined helpfully in another way. One of the 
species described as belonging to a genus is designated as the type species. 
A genus may be defined then, as including this type species together with 
such other species as the investigator (or taxonomist) regards as sufficiently 
closely related. It is apparent that some authors may draw the lines 
narrowly, others broadly. Some authors, for example, recognize only tw'o 
genera of rod-shaped bacteria, one for those without endospores {Bac¬ 
terium), and one for those producing endospores {Bacillus). These genera 
thus defined are very large, each containing hundreds, perhaps thousands, 
of species. Other students break up these large genera into many smaller 
ones. There is not much point to the question as to which is right and 
which is wuong. A better question is, which is the more convenient, better 
represents relationships, better facilitates diagnosis and proves most useful. 
As organisms become better known, it may be possible through the agency 
of the International Committee on Nomenclature to reach agreements 
where lack of agreement leads to serious confusion or misunderstanding. 

(3) FamUy. A family in taxonomy is a group of related genera. In 
general the name of the family is made from the name or former name of 
one of their genera by affixing the suffix -aceae to the root. The word is 
regarded as plural. Among bacterial families commonly recognized are 
Bacillaceae, Bactenaceae, Mtcrococcaceae, Spirochaetaceae, Aclinomyceiaceae. 
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(4) Order. An order is a group of related families. It is named usually 
(not always) by substituting the suffix -ales for -accae in the name of the 
type family. *\mong ordinal names that have been used in bacteriology 

are Actinomycetales, SpirochaetaleSy Eiihacteriaks. 

(5) Class. A class is a group of related orders. In this treatise it is 
considered that the bacteria constitute a class of the plant kingdom, and 
this is named jSc/itsowiycc/es. 

(6) Other categories. Other categories or ranks of names are used for 
higher groups. Sometimes families are divided into sub-families, these 
into tribes, these into subtribes, and these finallj^ into genera. 

How to identify an organism by name. One of the main purposes of a 
manual of determinative bacteriology is to facilitate the finding of the 
correct scientific name of a bacterium. Such is the purpose of this volume. 
It is well, however, to note some of the reasons why this result, the identifi¬ 
cation of an unknoMm culture, may not eventuate. Among these reasons 

the following may be listed: 

(1) The unkno\vn organism awaiting identification by the investigatoi 
may easily be one which has never been named, or perhaps adequately 
described. For the most part there has been little effort on the pait of 
bacteriologists to describe or name bacteria except as they have been found 
to have some economic significance or possess some striking oi unusual 
characteristics. It is quite probable that there are many tinies as many 
species of bacteria undescribed and named as have been described. Such 
undescribed species are all about us. It is not surprising, therefoie, if one 
frequently encounters undescribed species, \\ hen such unnamed species 
are encountered, particularly if they are of economic importance or are 
related to such forms, it is highly desirable that they should be described, 

named and the results published and made accessible. 

(2) The unknown organism may have been described and named in 
some publication, but the description and name have been over-looked in 
the preparation of the Manual. Perhaps the description has been so 
inadequate or incomplete that it has not been possible to place it in the 
classification. It should be noted that the number of species that have 
been described is so great that no one individual can know them all. 
Progress in classification comes about largely as the result of the work of 
specialists in particular groups. For example. Ford made a study of all 
• of the aerobic spore-bearing bacteria which he had secured from various 
sources. He studied also the descriptions of such bacteria in the literature, 
and then monographed the group. Similar studies on othei^^’oups have 
resulted in more or less complete monographs. Such, for exampl^, aie the 
monographs on the intestinal group by Welden and Levine, of the acetic 
bacteria by Hoyer, and Visser’t Hooft, of the cocci by Hucker, of the 
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pathogenic spore-bearing anaerobes by the English Commission, by Wein¬ 
berg, and by others, of the red, rod-shaped bacteria by Hefferan and by 
Breed, of the actinomycetes by Waksman and by Lieske, of the root nodule 
bacteria of legumes by Fred and his co-workers, etc. Unfortunately most 
groups of bacteria have not thus been monographed. It is evidently the 
function of a manual such as this to draw largely upon the work of the 
monographers, and to supplement their achievements as far as possible by 
less satisfactory consideration of the unmonographed groups. 

It is clear that because an organism cannot be identified from this text 
is not proof that it has not been described and named. The species most 
closely related may be determined, then the literature searched carefully 
for species described still more closely related or perhaps one identical. 

(3) It is possible, of course, that an error has been made in the selection 
of the correct name. It is desirable that users of these keys and descrip¬ 
tions should be familiar with the rules governing the correct choice of names, 
and make suitable corrections where needed. 

Steps in determining the name of an organism. The steps in the identifi¬ 
cation of an unknown organism are usually the following: 

(1) Preparation of an adequate description of the organism. 

(2) Knowledge of construction and use of keys. 

(3) Determination of order, family and genus by use of key. 

Preparation of description of organism. Before attempting to determine 

the name of an “unknown” organism an adequate description is essential. 
Just what characteristics must be emphasized depends upon the group in 
which the organism falls. It is desirable that the knowledge of the charac¬ 
ters of the unknown be as complete as possible. 

Use and construction of keys. An exceptionally clear and satisfactory 
discussion of the making and use of keys and synopses is given by Hitch¬ 
cock (Descriptive Systematic Botany, New York, 1925, p. 104). Anyone 
planning to monograph a group is advised to read this. He states: “A key 
is an orderly arrangement of a series of contrasting or directly comparable 
statements, by which groups of the same category may be distinguished 
and indicated or identified,” and “A key is primarily a mechanical device 
by which one may arrive at the name of the ultimate member of the group/’ 
In general the keys used in this :\Ianual are dichotomous, that is, the suc¬ 
cessive divisions are in twos, differentiation being into two contrasted 
groups. 

Determination of order, family and genus by use of keys. The method of 
doing this is discussed in the introduction beginning on page 1. 


RULES OF NOiMENCLATURE* 


In Paris in 1930, the First International Microbiological Congress voted 
to follow the rules of nomenclature agreed upon by International Congresses 
of Botany and Zoology “t/i so far as they may be applicable and appropriate.''^ 
The adoption of the date of the publication of Species Plantarum by Lin¬ 
naeus in 1753 as the point of departure for bacteriological nomenclature 
was recommended. This recommendation was approved by the plenary 
session of the INIicrobiological Congress (Proc. 1®^ Cong. Internat. Micro¬ 
biol., Paris, 1930, 1932, 519) and by the plenary session of the Botanical 

Congress (Rept. Proc. 5th Internat. Bot. Cong., 1930, Cambridge, 1931, 
p. 16 and 28). 

This Congress also provided for the organization of an International 
Committee on Bacteriological Nomenclature with two permanent sec¬ 
retaries : 

1. To represent primarily medical and veterinary bacteriology, Dr. 

R. St. John-Brooks, Lister Institute, London, England. 

2. To represent primarily other phases of bacteriology. Dr. R. S. Breed, 

Experiment Station, Geneva, New York, U. S. A. 

During the years that have elapsed since its appointment, this Commit¬ 
tee has organized and has taken various actions in the interest of a more 
stable nomenclature and classification. Some of these have been completed 
and accepted by the Second International Congress of Microbiology held 
in London, 1936. These completed actions are quoted below, and are 
incorporated into the classification used in the descriptive portion of the 

Manual. 

The International Rules of Botanical Nomenclature were originally 
adopted by the International Botanical Congresses of Vienna (1903) and 
Brussels (1910). They were modified by the Cambridge Congress (1930) 
so as to accept the type method, and validate species descriptions of bacteria 
unaccompanied by a Latin diagnosis. Some further but less important 
modifications were made at the Amsterdam Congress (1935) (See Sprague, 
Science, 8S, 1936, 416). 

The following are the most important of the rules that are of interest to 
bacteriologists taken from the latest available edition of the Botanical Code 
(Gustav Fischer, Jena, 1935). Sections that were newly adopted or 
M amended by the Amsterdam Botanical Congress (1935) are indicated 
m the text. 

* Contributed by Prof. R. S. Breed, New York State Experiment Station, Geneva, 
New York, September, 1938; revised, October, 1943. 

49 


50 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


INTERNATIONAL RULES OF BOTANICAL 
NOMENCLATURE, 1930-1935 

Chapter I. General Considerations and Guiding Principles {Art. 1-9) 

Art. 1. Botany cannot make satisfactory progress without a precise system of 
nomenclature, which is used by the great majority of botanists in all countries. 

Art. 2. The precepts on which this precise system of botanical nomenclature ia 
based are divided into principles, rules, and recornmejidations. The principles (Art. 
1-9,10-14,15-19) form the basis of the rules and recommendations. The object of the 
rules (Art. 19-74) is to put the nomenclature of the past into order and to provide for 
that of the future. They are always retroactive; names or forms of nomenclature 
contrary to a rule (illegitimate names or forms) cannot be maintained. The recom- 
niendations deal with subsidiary points, their object being to bring about greater 
uniform! 13 ' and clearness in future nomenclature: names or forms contrary to a recom¬ 
mendation cannot on that account be rejected, but they are not examples to be 
followed. 

Art. 3. 1 he rules of nomenclature should be simple and founded on considerations 
sufficiently clear and forcible for everyone to comprehend and be disposed to accept. 

.\rt. 4. The essential points in nomenclature are: (1) to aim at fixity of names; 
(2) to a\ oid or to reject the use of forms and names which may cause error or ambigu¬ 
ity or throw science into confusion. 

Next in importance is the avoidance of all useless creation of names. 

Other considerations, such as absolute grammatical correctness, regularity or 
euphony of names, more or less prevailing custom, regard for persons, etc., notwith¬ 
standing their undeniable importance, are relatively accessory. 

Art. 5. In the absence of a relevant rule, or where the consequences of rules are 
doubtful, established custom must be followed. 

Art. 7. Scientific names of all groups are usually taken from Latin or Greek. 
When taken from any language other than Latin, or formed in an arbitrary manner, 
they are treated as if they were Latin. Latin terminations should be used so far as 
possible for new names. 

Art. 8. Nomenclature deals with: (1) the terms which denote the rank of tax¬ 
onomic groups (Art. 10-14); (2) the names which are applied to the individual groups 
(Art. 15-72), ** 

Art. 9. The rules and recommendations of botanical nomenclature apply to all 

groups of the plant kingdom, recent and fossil, with certain distinctly specified ex¬ 
ceptions. 


Chapter 11, Categories of Taxonomic Groups, and the Terms 

Denoting Them {Art. 10 - 14 , Rec. 7, 77) 

Art 10. Every individual plant belongs to a species {species), every species to a 
genus {genus), every genus to a family {/amilia), every family to an order (orda) 
every order to a class {classts), every class to a division {diviso). 


Chapter III. Karnes of Taxonomic Groups {Art. lB-72, Rec. IIX-L) 

Section 1. General Principles: Priority {Art. 16-17, Rec. Ill) 

group is not to indicate the 

characters or the history of the group, but to supply a means of referring to it. 
onlv one vJr o g'ven circumscription, positbn. and rank can bear 

Znclaturl “ ’ " *“ accordance with the Rules of No- 
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Section 2. The Type Method {Art. 18, Rec. IV-VII) 

Art. 18. The application of names of taxonomic groups is determined by means of 
nomenclatural types. A nomenclatural type is that constituent element of a group 
to which the name of the group is permanently attached, whether as an accepted name 
or as a synonym. The name of a group must be changed if the type of that name is 
excluded (see Art. 66). 

Section S. Limitation of the Principle of Priority: Publication, 
Starting-points, Conservation of A'ames {Art. 19-SS) 

Art. 19. A name of a taxonomic group has no status under the Rules, and has no 
claim to recognition by botanists, unless it is validly published (see .\rt. 37). 

Art. 20. Legitimate botanical nomenclature begins for the different groups of 
plants at the following dates: 

{h) Myxomycetes, 1753 (Linnaeus, iSpccics Plantarum. ed. 1).* 

Art. 21. However, to avoid disadvantageous changes in the nomenclature of 
genera by the strict application of the Rules of Nomenclature, and especially of the 
principle of priority in starting from the dates given in Art. 20, the Rules provide a 
list of names which must be retained as exceptions. These names are by preference 
those which have come into general use in the fifty years following their publication, 
or which have been used in monographs and important fioristic works up to the year 
1890. 


-Section 4. Nomenclature of the Taxonomic Groups According to Their 

Categories {Art. 23-36, Rec. VII-XX) 

1. Names of Groups above the Rank of Family. 

Rec. IX. Orders are designated preferably by the name of one of their principal 
families with the ending -ales. 

2. Narnes of Families and Subfamilies, Tribes, and Sub-tribes. 

Art. 23. Names of families are taken from the name or former name of one of their 

genera and end in -aceae. 

Art. 24. Names of subfamilies {subfamiliae) are taken from the name of one of the 
genera in the group, with the ending -oideae, similarly for tribes (tribus), with the 
ending -eae, and for subtribes {subtribus) with the ending -inae. 

3. Names of Genera and Subdivisions of Genera. 

Art. 25. Names of genera are substantives (or adjectives used as substantives), 
in the singular number and written with an initial capital, which may be compared 
with our family names. These names may be taken from any source whatever, and 
may even be composed in an absolutely arbitrary manner. 

Recommendation X. Botanists who are forming generic names show judgment and 
taste by attending to the following recommendations: 

(a) Not to make names long or difficult to pronounce. 

(b) Not to dedicate genera to persons quite unconnected with botany or at least 

with natural science, nor to persons quite unknown. 

(c) Not to take names from barbarous languages, unless those names are fre¬ 

quently cited in books of travel, and have an agreeable form that is readily 
adaptable to the Latin longue and to the tongues of civilized countries. 


* See page 48 for action on date for Schizomycetes. 
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(d) To indicate, if possible, by the formation or ending of the name the affinities 

or analogies of the genus 

(e) To avoid adjectives used as nouns. 

(f) Not to give a genus a name whose form is rather tliat of a subgenus or section 

(e.g. Eusideroxrjion, a name given to a genus of Lauraceae. This, however, 

being legitimate, cannot be altered). 

(g) Not to make names by combining words from different languages {noinina 

hybrida). 

4. Karnes of Species {binary names). 

Art. 27. Names of species are binary combinations consisting of the name of the 
genus followed by a single specific epithet. If an epithet consists of two or more 
words, these must either be united into one or joined by a hyphen. Symbols forming 
part of specific epithets proposed by Linnaeus must be transcribed. 

1 he specific epithet, when adjectival in form and not used as a substantive, agrees 
with the generic names. 

Recommendalions: 

XIII. The specific epithet should, in general, give some indication of the appear¬ 
ance, the characters, the origin, the history or the properties of the species. If taken 
from the name of a person it usually recalls tlie name of the one who discovered orde- 
scribed it, or was in some way concerned with it. 

XIV. Names of men and women, and also of countries and localities used as spe¬ 
cific epithets, may be substantives in the genitive {Clusii, saharae) or adjectives 
(Cfwsianus, dahuricus). It will be well, in the future, to avoid the use of the genitive 
and the adjectival form of the same epithet to designate two different species of the 

same genus: e.g. Lysitiiachia Hemsleyana Maximum. (1891), and L. Hemsleyi Frunch. 
(1895). 

XV. In forming specific epithets botanists will do well to have regard also to the 
following recommendations: 

(a) To avoid those which are very long and difficult to pronounce. 

(b) To avoid those which express a character common to all, or nearly all, the 

species of a genus. 

(c) To avoid using the names of little-known or very restricted localities, unless 

the species is quite local. 

(d) To avoid, in the same genus, epithets which are very much alike, especially 

those which differ only in their last letters. 

(e) Not to adopt unpublished names found in travellers’ notes or in herbaria, 

^attributing them to their authors, unless these have approved publication. 

(f) Not to name a species after a person who has neither discovered, nor de¬ 

scribed, nor figured, nor in any w’ay studied it. 

(g) To avoid epithets which have been used before in any closely-allied genus. 

(h) To avoid specific epithets formed of two or more (hyphened) words. 

(i) To avoid epithets which have the same meaning as the generic name 

(pleonasm). 

Stclion 6. Conditions of Effective Publication (Art, 36) 

Art. 36 Publication is effected, under these Rules, either by sale or distribution 
of printed matter or indelible autographs to the general public, or to specified repre- 
scntative botanical institutions* 

No other kind of publication is accepted as effective: communication of new names 
at a public meeting, or the placing of names in collections or gardens open to the pub¬ 
lic, does not constitute effective publication. 
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Section 6. Conditions and Dales of Valid Publication of 
Names {Art. 37-45, Rcc. XA7-A’AVA’) 

Art, 37, A name of a taxonomic group is not validly published unless it is both (1) 
effectively published (see Art. 36), and (2) accompanied by a description of the group 
or by a reference to a previously and effectively published description of it. 

Art. 38. From January 1,1935, names of new groups of recent plants, the Bacteria 
excepted, are considered as validly published only when they are accompanied by a 
Latin diagnosis. 

Art. 40. A name of a taxonomic group is not validly published when it is merely 
cited as a synonym. 

Art. 42. A name of a genus is not validly published unless it is accompanied (1) 
by a description of the genus, or (2) by the citation of a previously and effectively 
published description of the genus under another name, or (3) by a reference to a 
previously and effectively published description of the genus as a subgenus, section 
or other subdivision of a genus. 

Art. 43. The name of a monotypic new genus based on a new species is validated 
(1) by the provision of a combined generic and specific description, (2) by the pro¬ 
vision of a plate with analyses showing essential characters; but this applies only to 
plates and generic names published before January 1,1908. 

Art. 44. The name of a species or of a subdivision of a species is not validly pub¬ 
lished unless it is accompanied (1) by a description of the group, or (2) by the citation 
of a previously and effectively published description of the group under another name, 
or (3) by a plate or figure with analyses showing essential characters; but this applies 
only to plates or figures published before January 1,1908. 

Art. 45. The date of a name or of an epithet is that of its valid publication (see 
Art. 19, 36). For purposes of priority, however, only legitimate names and epithets 
published in legitimate combinations are taken into consideration (see Art. 60). In 
the absence of proof to the contrary, the date given in the work containing the name 
or epithet must be regarded as correct. 

Botanists will do well in publishing to conform to the following recommendations: 

XXI. Not to publish a new name without clearly indicating whether it is the 
name of a family or a tribe, a genus or a section, a species or a variety; briefly, with¬ 
out expressing an opinion as to the rank of the group to which the name is given. 

Not to publish the name of a new group without indicating its type (see Recom¬ 
mendation IV). 

XXII, To avoid publishing or mentioning in their publications unpublished 
names which they do not accept, especially if the persons responsible for these names 
have not formally authorized their publication (see Recommendation XV (e). 

XXVI. To give the etymology of new generic names and also of new epithets 
when the meaning of these is not obvious. 

XXVII. To indicate precisely the date of publication of their works and that of 
the placing on sale or the distribution of named and numbered plants when these are 
accompanied by printed diagnoses. In the case of a work appearing in parts, the 
last published sheet of the volume should indicate the precise dates at which the 
different fascicles or parts of the volumes were published as well as the number of 
pages in each. 

XXVIII. When works are published in periodicals, to require the publisher to 
indicate on the separate copies the date (year and month) of publication and also the 
title of the periodical from which the work is extracted. 
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XXIX. Separate copies should always bear the pagination of the periodical of 
'\hirh they form a part; if desired they may also bear a special pagination. 

Section 7. Cilaiion of Authors* Names for Purposes of 
Precision (Art. 46-40, Pec. XXX-XXXll) 

Art. -16. For the indication of the name (unitary, binary, or ternary) of a group 
to be accurate and complete, and in order that the date may be readily verified it is 
necessary to cite the author who first published the name in question. 

Art. 47. An alteration of the diagnostic characters or of the circumscription of a 

group does not warrant the citation of an author other than the one who first pub¬ 
lished its name. 

When the changes have been considerable, an indication of their nature and of the 
author responsible for the change is added, the words mutaiis characl., or pro parte, 
or excl. gen., excl. sp., exd. var., or some other abridged indication being employed. 

Art. 48. When a name of a taxonomic group has been proposed but not published 
by one author, and is subsequently validly published and ascribed to him (or her) 
by another author who supplied the description, the name of the latter author must 
be appended to the citation with the connecting word "ex.** 

If It IS desirable or necessary to abbreviate such a citation, the name of the publish¬ 
ing author, being the more important, must be retained. 

When a name and description by one author are published by another author, the 

word apud IS used to connect the names of the two authors, except where the name of 

the second author forms part of the title of a book or periodical in which case the con- 
necting word in is used instead. 

Art. 49. When a genus or a group of lower rank is altered in rank but retains its 
name or epithet, the original author must be cited in parenthesis, followed by the 
name of the author who effected the alteration. The same holds when a subdivision 

a genus, a species, or a group of lower rank is transferred to another genus or species 
with or without alteration of rank. 


Section 8. Retention of Names or Epithets of Groups which 
are Remodelled or Divided (Art. 60-62) 

Art. 50. An alteration of the diagnostic characters, or of the circumscription of a 

warrant a change in its name. e.xcept in so far as this may be neces- 

troi n o Vhe^ transference of ‘he group (Art. 53-55), or (2) by its union with another 
group of the a^c rank (Art. 56-57). or (3) by a change of its rank (Art. 58) 

be trains Jr “ ' **0 generic name must 

When a natr T” ‘ “ '■o'‘r‘ood) “ost be re-established. 

m,tt b "■“« originally designated as the type, the generic name 

Ttvl. m .T i. that species. When no type was designated. 

Art T Whenregulations which will be given (Appendix I).* 
Art_ 52. When a species is divided into two or more species, the specific epithet 

Iishcd. When a particular specimen was originally designated as the type the spe- 
cific epithet must be retained for the species including that specimen. When no type 
w^^designated, a type must be chosen according to the regulations to be gTven Z' 


• Appendix I has not been published 


as yet. See Type Basis Code, p. 61. 
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Section 9, Retention of Names or Epithets of Groups Below the Rank 
of Genus on Transference to Another Genus or Species {Art. 6S-65) 

Art. 53. When a subdivision of a genus is transferred to another genus (or placed 
under another generic name for the same genus) without change of rank, its subdivi¬ 
sions! name must bo retained, or (if it has not been retained) must be re-established 
unless one of the following obstacles exists: (1) that the resulting association of names 
has been previously published validly for a different subdivision, or (2) that there is 
available an earlier validly published sub-divisional name of the same rank. 

Art. 54. When a species is transferred to another genus (or placed under another 
generic name for the same genus), without change of rank, the specific epithet must 
be retained or (if it has not been retained) must be re-established, unless one of the 
following obstacles exists: (1) that the resulting binary name has been previously and 
validly published for a different species, (2) that there is available an earlier validly 
published specific epithet. 

“When, on transference to another genus, the specific epithet has been applied 
erroneously in its new position to a different plant, the new combination must be 
retained for the plant on which the epithet was originally based, and must be attrib¬ 
uted to the author who first published it.” (.4ccepted in this revised form at the Am¬ 
sterdam Botanical Congress, 1935.) 

Art. 55. When a variety or other subdivision of a species is transferred, without 
change of rank, to another genus or species (or placed under another generic or spe¬ 
cific name for the same genus or species), the original subdivisional epithet must be 
retained or (if it has not been retained) must be re-established, unless one of the 
following obstacles exists: (1) that the resulting ternary combination has been previ¬ 
ously and validly published for a subdivision based on a different type, even if that 
subdivision is of a different rank; (2) that there is an earlier validly published sub- 
divisional epithet available. 

When the epithet of a subdivision of a species, on transference to another species, 
has been applied erroneously in its new position to a different plant, the epithet must 
be retained for the plant on which the group was originally based. 

Example: The variety micranthum Gren. & Godf. (FI. France, i, 171; 1847) of Heli- 
anthemum italicum Pers., when transferred as a variety to H. penicillatum Thib., 
retains its varietal epithet, becoming H. penicillatum var. micranthum (Gren. & 
Godr.) Grosser (in Engl. Pflanzenreich, Heft 14,115:1903). 

Section 10. Choice of Natnes when Two Groups of the Same Rank are 
United, or in Fungi with a Pleomorphic Life-cycle 
{Art. 56, 57, Rec. XXXIIl-XXXV) 

Art. 66. When two or more groups of the same rank are united, the oldest legiti¬ 
mate name or (in species and their subdivisions) the oldest legitimate epithet is re¬ 
tained. If the names or epithets arc of the same date, the author who unites the 
groups has the right of choosing one of them. The author who first adopts one of 
them, definitely treating another as a synonym or referring it to a subordinate group, 
must be followed. 

Art. 67. Among Fungi with a pleomorphic life-cycle the different successive 
states of the same species {anamorphoses, status) can bear only one generic and spe¬ 
cific name (binary), that is the earliest which has been given, starting from Fries, 
Sysiema, or Fries, Synopsis, to the state containing the form which it has been agreed 
to call the perfect form, provided that the name is otherwise in conformity with the 
Rules. The perfect state is that which ends in the ascus stage in the AscomyceteSy 
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in the basidium, in the Basidiomycetes, in the teleutospore or its equivalent in the 
Vrcdinales, and in the spore in the Uslilaginales. 

Generic and specific names given to other states have only a temporary value. 
They cannot replace a generic name already existing and applying to one or more 
species, any one of which contains the “perfect” form. 

The nomenclature of Fungi which have not a pleomorphic life-cycle follows the 
ordinary rules. 


Section 11. Choice of A cmes when the Rank of a Group ts Changed 

.\rt. 58. When a tribe becomes a family, when a subgenus or section becomes a 
genus, w hen a subdivision of a species becomes a species, or when the reverse of these 
changes takes place, and in general when a group changes its rank, the earliest legiti¬ 
mate epithet given to the group in its new rank is valid, unless that name or the result¬ 
ing association or combination is a later homonym (see Art. 60, 61), 

Section 12, Rejection of Names {Art. 59-69, Rec, XXXVII) 

Art. 59. A name or epithet must not be rejected, changed, or modified merely 

because it is badly chosen, or disagreeable, or because another is preferable or better 
known (see also Art. 69). 

Art.^. A name must be rejected if it is illegitimate (see Art. 2). The publication 

of an epithet in an illegitimate combination must not be taken into consideration for 

purposes of priority, “except as indicated in Art. 61.” (Added at the Amsterdam 
Botanical Congress, 1935.) 

A name is illegitimate in the following cases: 

(1) If it was superfluous when published, i.e., if there was a valid name (see Art. 
and^°rank '' *'*''* ** " “PP'‘ed. "ith its particular circumscription, position 

(21 If it IS a binary or ternary name published in contravention of Art. 16, 50, 52, 
or ol, i.e., if Its author did not adopt the earliest legitimate epithet available for the 
group with Its particular circumscription, position, and rank 

(3) If it is a later homonym (see Art. 61) (except as regards Art. 54 and 55). 

(4) 11 It IS a generic name which must be rejected under Art. 67. 

(5) If its specific epithet must be rejected under Art. 68 . 

Art. 61. A name of a taxonomic group is illegitimate and must be rejected if it is a 
a er homonym, that is, if it duplicates a name previously and validly published for a 
group of the same rank based on a different type. Even if the earlier homonym is 
dlcgitimate, or is generally treated as a synonj-m on taxonomic grounds, the later 
homonym must be rejected. "When an author simultaneously publishes the same 
new name for more than one group, the first author who adopts one of them, or sub¬ 
stitutes another name or one of them, must be followed." (Added at the Amsterdam 
Botanical Congress, 1935.) 

Art. 62. A name of a taxonomic group must be rejected if, owing to its use with 

nlm “ permanent source of confusion or error. A list of 

names to be abandoned for this reason (Aoia.Via ambigua) will form Appendix IV.* 

unrertain Eroup must be rejected when its application is 

uncerta n (Women dubi am): e .g., Ertmm soloniense L. (Cent. II. PI. 28 ■ 1756) is a name 

T^uTn W^ef a” f therefore, be rejected (see Schins and 

ihell in Vierleljahrsschr. Nat. Ges. Zurich, viii, 71 : 1913 ). 


Appendix IV has not been published as yet. 
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Art. 64. A name of a taxonomic group must be rejected if tlic characters of that 
group were derived from two or more entirely discordant elements, especially if those 
elements were erroneously supposed to form part of the same individual. 

A list of names to be abandoned for this reason {\omina cotifusa) will f<'rin Ap¬ 
pendix VI.* 

Art. 65. A name or epithet of a taxonomic group must be rejected wlien it is based 
on a monstrosity. 

Art. 66. The name of an order, suborder, family or subfamily, tribe or subtribe 
must be changed when it is taken from the name of a genus which is known not to be¬ 
long to the group in question—e.g. if the genus Portidaca were excluded from the 
family now known as Portulacaccae^ the residual group could no longer bear the name 
Portulacaceae, and would have to be renamed. 

Art. 67. Names of genera arc illegitimate in the following special cases and must 
be rejected; 

(1) When they are merely words not intended as names: e.g. Anonymous Walt. 

(FI. Carol. 2, 4, 9, etc.: 1788) must be rejected as being a word applied to 28 
different genera by Walter to indicate that they were without names. 

(2) When they coincide with a technical term currently used in morphology un¬ 

less they were accompanied, when originally published, by specific names 
in accordance with the binary method of Linnaeus. On and after Jan. 1, 
1912, all new generic names coinciding with such technical terms are un¬ 
conditionally rejected, 

(3) When they are unitary designations of species: e.g. Ehrhart {Phytophylacnim: 

1780; and Beiir. iv, 145-150: 1798) proposed unitary names for various 
species known at that time under binary names: e.g. Phaeocephalum for 
Schoenus fuscus, and Leptostachys for Carex hptostachys. These names, 
which resemble generic names, should not be confused with them, and 
must be rejected, unless they have been published as generic names by a 
subsequent author. 

(4) When they consist of two words, unless these words were from the first com¬ 

bined into one, or joined by a hyphen. 

Art. 68. Specific epithets are illegitimate in the following cases and must be re¬ 
jected: 

(1) When they are merely words not intended as names. 

(2) When they are merely ordinal adjectives being used for enumeration. 

(3) When they exactly repeat the generic name with or without the addition of a 

transcribed symbol. 

(4) When they were published in works in which the Linnean system of binary 

nomenclature for species was not consistently employed. 

Art. 69. In cases foreseen in Art. 60-68 the name or epithet to be rejected is re¬ 
placed by the oldest legitimate name, on (in a combination) by the oldest legitimate 
epithet. If none exists, a new name or epithet must be chosen. Where a new epithet 
18 required, an author may, if he wishes, adopt an epithet previously given to the 
group in an illegitimate combination, if there is no obstacle to its employment in the 
new position or sense. 

Section IS, Orthography of Names (Art. 70-71, 

Rec. XXXVIII-XLIV) 

Art. 70, The original spelling of a name or epithet must be retained, except in the 
case of a typographic error, or of a clearly unintentional orthographic error. When 
the differenc e between two generic names lies in the termination, these names must 

* Appendix VI has not been published as yet. 
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be regarded as distinct, even though differing by one letter only. This docs not apply 
to mere orthographic variants of the same name. 

Note 1. The words “original spelling” in this Article mean the spelling em¬ 
ployed when the name was validly published. 

2. The use of a wrong connecting vowel or vowels (or the omission of a 
connecting vowel in a specific epithet, or in that of a subdivision of a 
species) is treated as an unintentional orthographic error which may 
be corrected (see Rec. XLIV). “The liberty of correcting a name 
must be used with reserve, especially if the change affects the first 
syllable, and above all the first letter of the name.” (Added at the 
Amsterdam Botanical Congress, 1935.) 

3*. In deciding whether two or more slightly different names should bo 
treated as distinct or as orthographical variants, the essential consid¬ 
eration is whether they may be confused with one another or not: 
if there is serious risk of confusion, they should be treated as ortho¬ 
graphic variants. Doubtful cases should be referred to the Execu¬ 
tive Committee. 

4. Specific and other epithets of Greek origin differing merely by having 
Greek and Latin terminations respectively are orthographic variants. 
Epithets bearing the same meaning and differing only slightly in form 
are (considered as) orthographic variants. The genitive and ad¬ 
jectival forms of a personal name are, however, treated as different 
epithets (e.g. Lysimackia Hemsleyana and L. Hemsleyi). 

Recommendations: 

XXXVIII. When a new name is derived from a Greek word containing the spiVi- 
tus asper (rough breathing), this should be transcribed as the letter h. 

XXXIX. When a new name for a genus, subgenus or section is taken from the 
name of a person, it should be formed in the following manner:— 

(a) When the name of the person ends in a vowel the letter a is added (thus Bou- 

ieloua after Boutelou; OUoa after Otto; Sloanea after Sloane), except when 
the name already ends in a, when ea is added (e.g. Collaea after Colla). 

(b) When the name of the person ends in a consonant, the letters ia are added 

(e.g. Magnusia after Magnus, Ramondia after Ramond), except when the 
name ends in er, when a is added (e.g. Kernera after Keener). 

(c) The syllables which are not modified by these endings, retain their original 

spelling, even with the consonants k and w or with groupings of vowels 
which were not used in classical Latin. Letters foreign to botanical Latin 
should be transcribed, and diacritic signs suppressed. The Germanic 
fi, 6, a become ae, oe, ue; the French i become generally e. In works 
in which diphthongs are not represented by special typo, the diaeresis 
sign should be used where required, e.g., Cephaelis, not Cephaelis. 

(d) Names may be accompanied by a prefix or a suffix, or modified by anagram 

or abbreviation. In these cases they count as different w'ords from the 
original name. 

Examples: Durvillea and Urvillea; Lapeyrousea and Peyrouaea; Englera, 

Englerastrum and Englerella; Bouchea and Ubochea; Gerardia and 

Graderia. 

XL. When a new specific or other epithet is taken from the name of a man, it 
should be formed in the following manner:— 

(a) When the name of the person ends in a vowel, the letter i is added (thus Gla- 
zioui from Glaziou, Bureaux from Bureau), except when the name ends in 
a, when e is added (thus balaneae from Balansa). 
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(b) When the name ends in a consonant, the letters ii arc added (thus Magnusii 

from Magnus, Ramondii from Ramond), except when the name ends in 
-er when i is added (thus Kerneri from Kerner). 

(c) The s.vllables which are not modified by these endings retain their original 

spelling, even with the consonants fc or uj or with groupings of vowels which 
were not used in classical Latin. Letters foreign to botanical Latin should 
be transcribed and diacritic signs suppressed. The Germanic d, 6, u be¬ 
come ae, oe, ou, the French h, i become generally e. The diaeresis sign 
should be used where required. 

(d) When epithets taken from the name of a person have an adjectival form they 

are formed in a similar way (c.g. Geranium Robertianum, Verbena 
Hasslerana). 

XLI. The same provisions apply to epithets formed from the names of women. 
When these have a substantival form they are given a feminine termination (e.g. 
Cypripedium Hookerae, Rosa Beatricis, Scabiosa Olgae, Omphalodes lucitiae). 

XLII. The specific (or other) epithets should be written in conformity with the 
original spelling of the words from which they are derived and in accordance with 
the rules of Latin and latinization. 

Examples: silveslris (not sylvesiris) sinensis (not chinensis), 

XLIII, Specific (or other) epithets should be written with a small initial letter, 
except those which are derived from names of persons (substantives or adjectives), or 
are taken from generic "or vernacular” names (substantives or adjectives). 
(Emended Amsterdam Botanical Congress, 1935, See page 61 for actions taken by 
Second International Microbiological Congress, London, 1936 governing Bacteriolog¬ 
ical Nomenclature.) 

XLIV. In the formation of specific (or other) epithets composed of two or several 
roots taken from Latin or Greek, the vowel placed between the two roots becomes a 
connecting vowel, in Latin i, in Greek o; thus menthifuUay salvifoliat not menthaefolia, 
salviafolia. When the second root begins with a vowel and euphony requires, the 
connecting vowel should be eliminated (e.g. hpidantha). The connecting vow'els ae 
should be retained only where this is required for etymological reasons (e.g. caricae- 
formis from Carica, in order to avoid confusion with cariciformis from Carex). In 
certain compounds of Greek words no connecting vowel is required, e.g. brachycarpus 
and glycylphyllus. 

Section 14. Gender of Generic Names 

Art. 72. The gender of generic names is governed by the following reflations:— 

(1) "A Greek or a Latin word adopted as a generic name retains its classical 

gender. In cases where the classical gender varies, the author has the 
right of choice between the alternative genders. In doubtful cases, general 
usage should be followed.” ”The following names, however, whose classi¬ 
cal gender is masculine, are treated as feminine in accordance with historic 
usage: Adonis, Orchis, Stachys, Diospyros, Sirychnos. Hernerocallis (m. in 
Sp. PL: Lat. and Gr. hemercalles n.) is also treated as feminine to bring it 
into conformity with all other generic names ending in is.” (Emended 
Amsterdam Botanical Congress, 1935.) See Van Eseltine, Jour. Bact., 26, 
1933,569, for discussion of the gender of generic names used for bacteria. 

(2) Generic names which are modern compounds formed from two or more Greek 

or Latin words take the gender from the last. If the ending is altered, 

however, the gender will follow it. 

(3) Arbitrarily formed generic names or vernacular names used as generic names 

take the gender assigned to them by their authors. Where the original 
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author has failed to indicate the gender, the next subsequent author has 
the right of choice. 

Section 15. Various Recommendations {Rec. XLV-L) 

XL\'. When writing in modern languages botanists should use Latin scientific 
names or those immediately derived from them, in preference to names of another 
kind or origin (popular names). They should avoid the use of the latter unless these 
are very clear and in common use. 

XL\ II. Only the metric system should be used in botany for reckoning weights 
and measures. The foot, inch, line, pound, ounce, etc., should be rigorously excluded 
from scientific language. 

Altitude, depth, rapidity, etc., should be measured in meters. Fathoms, knots, 
miles, etc., are terms which should disappear from scientific language. 

XLVm. Very minute dimensions should be reckoned in m (micromillimetcrs, 
microns, or thousandths of a millimeter) and not in fractions of millimeters or of 
lines, etc.: fractions encumbered with ciphers and commas easily give rise to mis¬ 
takes. 

XLIX. Authors should indicate clearly and precisely the scale of the figures which 
they publish. 

L. Temperatures should be expressed in degrees of the centigrade thermometer 
of Celsius. 

Chapter IV. Interprelation and Modification of the Rules {Art. 73, 71f) 

Art. 73. A small permanent International Executive Committee is established 
with functions including the following: 

(1) Interpreting the Rules in doubtful cases, and issuing considered “Opinions” 

on the basis of the evidence submitted. 

(2) Considering Xomina conservanda, Nomina ambigua, Nomina dubia and 

Nomina confusa, and making recommendations thereon to the next Inter¬ 
national Botanical Congress. 

(3) Considering all proposals for the modification of the Rules and reporting 

thereon to the next Congress. 

(4) Reporting on the effects of modifications of the Rules accepted at the pre¬ 

ceding Congress. 

Art. 74. 'Ihese Rules can be modified only by competent persons at an Interna¬ 
tional Botanical Congress convened for the express purpose. Modifications accepted 
at one Congress remain on trial until the next Congress, at which they will receive 
sanction unless undesirable consequences, reported to the Executive Committee, 
show need for further amendment or rejection. 

Eight appendices have been or are to be prepared for this Code as 
follows: (1) fRegulations for determining types, (2) tNomina conservanda 
familiarum, (3) *Nomina generica conservanda, (4) tNomina ambigua, 
(5) tNomina dubia, (6) tNomina confusa, (7) *Ilepresentative botanical 
institutions recognized under Art. 34, (8) tNomenclature of garden plants. 

Unfortunately the first appendix which is of greatest interest to bac¬ 
teriologists has not been prepared. As many bacteriologists, especially 
those in other countries, have not caught the significance of the type species 


•These appendixes have been prepared, 
t These appendixes have not been published as yet. 
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concept as a means of defining bacterial genera, the reader is referred to the 
writings of Hitchcock (Amer. Jour. Bot., 8 , 1921, 251; Descriptive Sys¬ 
tematic Botany, New York, 1925) for an excellent exposition of the value of 
this idea to systematists. 

Hitchcock (1921, p. 252) explains this concept briefly as follows: “The 
old concept was that a genus was a group of species having a given com¬ 
bination of characters; a species, similarly, a group of specimens. The new 
type concept is that, from the nomenclatural standpoint, a genus is a group 
of species allied to the type species; a species, a group of individuals similar 
to the type specimen.” 

Rules for determining types taken from the Type Basis Code of Nomen¬ 
clature (Science, 1919, 333; 55,1921, 312) drawn up by a Committee of 
which Hitchcock was Chairman are quoted as these are the most authori¬ 
tative rules thus far available. 

Type Basis Code of Nomenclature {Hitchcock el al.) 

Article 4. The nomenclatural type species of a genus is the species or one of the 
species included when the genus was originally published. 

If a genus included but one species when originally published, this species is the 
type. 

When more than one species is included in the original publication of the genus, the 
type is determined by the following rules: 

(a) When, in the original publication of a genus, one of the species is definitely 
designated as type, this species shall be accepted as the type regardless of other con¬ 
siderations. 

If lypicus or typus is used as a new specific name for one of the species, this species 
shall be accepted as the type as if it were definitely designated. 

(b) The publication of a new generic name as an avowed substitute for an earlier 
one does not change the type of the genus. 

(c) If a genus, without an originally designated type, contains among its original 
species one with the generic name used as a specific name, either as a valid name or 
synonym, that species is to be accepted as the type. 

(d) If a genus, when originally published, includes more than one species, and no 
species is definitely designated as type, nor indicated according to (c), the choice of 
the type should accord with the following principles: 

1. Species inquirendae or species doubtfully referred to the genus, or mentioned 

as in any way exceptional are to be excluded from consideration in selecting 
the type. 

2. Genera of the first edition of Linnaeus’s “Species Plantarum” (1753) 

are usually typified through the citations given in the fifth edition of his 
“Genera Plantarum" (1754) except when inconsistent with the preceding 
articles. 

3. Species which definitely disagree with the generic description (provided others 

agree), or which possess characters stated in the generic description as rare 
or unusual, are to be excluded from consideration in selecting the type. 
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RECOMMENDATIONS 

Article 5. In the future it is recoramended that authors of generic names definitely 
designate type species; and that in the selection of types of genera previously pub¬ 
lished, but of which the type would not be indicated by the preceding rules, the fol¬ 
lowing points be taken into consideration: 

(a) The type species should usually be the species or one of the species which the 
author had chiefly in mind. This is often indicated by 

1. A closer agreement with the generic description. 

2 . Certain species being figured (in the same work). 

3. The specific name, such as vulgaris, communis, medicinahs or ojficinalis. 

(b) The type species should usually be the one best known to the author. It may 
be assumed that an indigenous species (from the standpoint of the author), or an eco¬ 
nomic species, or one grown in a botanical garden and examined by the author, would 
usually represent an author’s idea of a genus. 

(c) In Linnaean genera the type should usually be chosen from those species in¬ 
cluded in the first technical use of the genus in pre-Linnaean literature. 

(d) The types of genera adopted through citations of non-binomial literature 
(with or without change of name) should usually be selected from those of the original 
species which received names in the first binomial publication. 

(e) The preceding conditions having been met, preference should be shown for a 
species which will retain the generic name in its most widely used sense, or for one 
which belongs to a division of the genus containing a larger number of species, or, 
especially in Linnaean genera, for the historically oldest species. 

(f) Among species equally eligible, the preference should be given to the first 
know’n to have been designated as the type. 

(g) If it is impossible to select a type under the conditions mentioned above, the 
first of equally eligible species should be chosen. 

While the rules and recommendations of the above botanical codes are ap¬ 
plicable in general to bacteria and related microorganisms, the fact that 
these are not infallible is evident because the rules developed independently 
by zoologists (see Proc. Biol. Soc. Washington, 39, 1926, 75, for the latest 
Code of Zoological Nomenclature) frequently follow a quite different course. 
In some cases at least the zoological rules will appeal to microbiologists as 
more likely to produce uniformity of usage than the botanical rules. 

For example, microbiologists assembled at the Second International 
Microbiological Congress in London, 1936 accepted (Jour. Bact., 33, 1937, 
445) Art. 13 of the International Rules of Zoological Nomenclature as 
preferable to Rec. 43 of the Botanical Rules to govern bacteriological 
practice. This reads as follows: “While specific substantive names derived 
from names of persons may be -written with a capital initial letter, all other 
specific names are to be written with a small initial letter. Some examples 
taken from bacteriological literature are: Salmonella Schoitmuelleri or 
Salmonella schoUmuellen, Bacillus Wekhii or Bacillus welchii, Acetobacter 
Pasteurianum or Acelobacter pasleurianum, Corynebacterium ovis, NUro- 
somonas javanensis, Rhizohium japonicum” 
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In the Manual all species names arc written with a small letter. It is 
felt that the value of a name as a name is lessened if capitals or other mai ks 
are used to indicate etymology. The derivation of generic and specific 
names is given separately in the descriptive material. 

Likewise for obvious reasons, microbiologists refused (Jour. Bact., 33, 
1937,445) to follow the botanical and zoological practice which permits the 
use of duplicate generic names, one for an animal and the other for a plant 
group; and accepted the following rules to govern their practice. 

“a. Generic homonyms are not permitted in the group Protista. 
b. It is advisable to avoid homonyms amongst Protista on the one hand, a plant 
or animal on the other.” 

The following actions of the International Committee on Bacteriological 
Nomenclature (Cent. f. Bact., II Abt., 92, 1935, 481) were confirmed 
(Jour. Bact., 33, 1937, 445). 

Bacillus Cohn 1872 was accepted as a genus conservandum with Bacillus 
subtilis Cohn emend. Prazmowski 1880 as type species. It was agreed 
that Bacillus should be defined so as to exclude bacterial species which do 
not form endospores; and that the so-called IMarburg strain found in type 
culture collections should be accepted as the type or standard strain. 

At the Third International Congress of Microbiology held in New York 
City in September, 1939, a series of recommendations of the Permanent 
International Committees on Bacteriological Nomenclature were accepted 
at the plenary session of the Congress. The third and fourth recommenda¬ 
tions were: 

3. That the Nomenclature Committee, as at present constituted, shall continue 
to function under the auspices of the International Association of Microbiologists 
as it did under the International Society for Microbiology. 

4. That the International Committee shall select from its membership a Ju¬ 
dicial Commission consisting of twelve members, exclusive of members ex ojjicio, 
and shall designate a Chairman from the membership of the Commission. The 
two Permanent Secretaries of the International Committee on Bacteriological 
Nomenclature shall be members ex ojjicio of the Judicial Commission. The Com¬ 
missioners shall serve in three classes of four commissioners each for nine years, 
so that one class of four commissioners shall retire at every International Con¬ 
gress. In case of the resignation or death of any Commissioner, his place shall 
be filled for the unexpired term by the International Committee at its next 
meeting. 

By prompt action at and subsequent to the Congress ballots were cast 
in spite of war conditions by 26 of the 62 members of the Permanent Com¬ 
mittee on Nomenclature. These ballots when examined by the joint Secre¬ 
taries of the Permanent Committee in November, 1942 were found to have 
resulted in the selection of the persons whose names appear below. These 


04 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


are grouped in the three classes specified by the Permanent Committee, 
those receiving the highest number of votes being placed in the nine year 
class, those receiving the next highest in the six year class, etc. Names in 
the classes are arranged alphabetically. 

Elected for nine years.—(The term normally expires in 1948.) R. E. 
Buchanan (U.S.A.), A. J. Kluyver (The Netherlands), E. G. D. Murray 
(Canada), 8. Orla .Jensen (Denmark): Elected for six years. —(Term nor¬ 
mally expires in 1945.) J. Howard Brown (U.S.A.), A.-R. Pr6vot (France), 
J. Ramsbottom (Great Britain), Th. Thjotta (Norway); Elected for three 
years.—(Term normally would have expired in 1942 ) A. Lwoff (France), 
R. Renaiix (Belgium), A. feordelli (Argentine), C. Stapp (Germany). 

This announcement was made (Sci., 97, 1943,370) in the hope that some 
plan for taking tentative action on questions of nomenclature could be 
developed by those members of the Commission who could be reached 
under war conditions. 

hile no provision was made in 1939 for the contingencies that have 
arisen, it is felt that those elected should serve until successors are elected. 
1 rofessor R. E. Buchanan has been asked to act as Chairman pro tem of 
the Judicial Commi.ssion as there is no possibility of securing an election 
under the rules as adopted. 

Tentative International Rules of Bacteriological Nomenclature were 
presented to the Third International Congress of Microbiology by a U.S.A.- 
Canadian Committee on Compilation of Proposals on Bacteriological Nom¬ 
enclature. As it proved impossible to give adequate consideration to these 
proposals during the Congress, the following recommendations of the Per¬ 
manent Committee on Nomenclature were accepted: 

1. That a recognized Bacteriological Code be developed. 

2 . That publication of such a proposed Code, when developed, be authorized with 

the proviso that it shall be regarded as wholly tentative, but in the hope that 
it shall be widely tested so that it may be brought up for further considera¬ 
tion and final disposition at the next Microbiological Congress which should 
normally take place in 1942. 

Copies of this tentative Code have been issued in mimeographed form by 
Prof. R. E. Buchanan, Iowa State College, Ames, Iowa, U.S.A., Chairman 
of the U.S.A.-Canadian Committee and may be obtained from him. 




CLASS SCHIZOMYCETES NSGELI 


(Bericht Verhandl. d. bot. Section d. 33 Versammling deutsch. Naturforscli. u 

Ar 2 t.B 0 t.Ztg., 1857, 760.) 

Synonyms: Bacteria Cohn, Beitr. Biol. d. Pflanzen, /, Heft 1, 1872, 130; Bacteria- 
ceae Cohn, ibid., 2Z'l\Bactertales Clements (as an ordinal name), The Genera of Fungi, 
Minneapolis, 1909, 8; Schizomijcctaceae De 'loni and Trevisan, in Saccardo, Sylloge 
Fungorum, 8,1889, 923; Schizoniyceiacea Castellani and Chalmers, Manual of Trop¬ 
ical Medicine, 3rd ed., 1919, 924; Mychota Enderlein, Bakteriencyclogenie, 1924, 236; 
Schizomycetae Stanier and Van Niel, Jour. Bact., 42, 1941, 458. 

Typically unicellular plants. Cells usually small, sometimes ultramicroscopic. 
Frequently motile. As in the closely related blue-green algae (Class Schizophyccae), 
the cells lack the definitely organized nucleus found in the cells of higher plants and 
animals. However, bodies containing chromatin which may represent simple nuclei 
are demonstrable in some cases. Individual cells may be spherical; or straight, 
curved or spiral rods. These cells may occur in regular or irregular masses or even 
in cysts. Where they remain attached to each other after cell division, they may 
form chains or even definite filaments. The latter may show some differentiation 
into holdfast cells, and into motile or non-motile reproductive cells (conidia). Some 
grow as branching mycelial threads whose diameter is not greater than that of ordi¬ 
nary bacterial cells, i.e., about one micron. Some species produce pigments. Tlie 
true purple and green bacteria possess pigments much like or related to the true 
chlorophylls of higher plants. These pigments have photosynthetic properties. 
The phycocyanin found in the blue green algae does not occur in the Schizomyceles. 
Multiplication is typically by cell division. Endospores are formed by some species 
included in Eubacteriales. Sporocysts are found in Myxobacleriales. Ultramicro¬ 
scopic reproductive bodies are found in Borrelomycelaceae. The bacteria are free- 
living, saprophytic, parasitic or even pathogenic. The latter types cause diseases 
of either plants or animals. Seven orders are recognized. 


Key to the Orders and Sub-Orders of the Class Schizomycetes. 


A 


Cells rigid, not flexuous. Motility by means of flagella or by a gliding movement. 
1. Cells single, in chains or masses. Not branching and mycelial in character. 
Not arranged in filaments. Not acid-fast. Motility when present by means of 
flagella. 

Order I. Eubacteriales, p. 66. 

a. Do not possess photosynthetic pigments. Cells do not contain free sulfur, 
b. Not attached by a stalk. Do not deposit ferric hydroxide. 

Sub-Order I. Eubacteriineae, p.67. 

bb. Attached to substrate, usually by a stalk. Some deposit ferric hy¬ 
droxide. 


Sub-Order II. Caulobacteriineae, p. 827. 
aa. Possesses photosynthetic chlorophyll-like pigments. Some cells contain 
free sulfur. 


Sub-Order III. Rhodobacteriineae, p. 838. 
65 
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2. Organisms forming elongated usually branching and mycelial cells. Multiply 

by cell division, special spores, oidiospores and conidia. Sometimes acid-fast 
Kon-motile. 


Order II. Actinomycetales, p. 895. 

3. Cells in filaments frequently enclosed in a tubular sheath with or without a de¬ 
posit of ferric hydroxide. Sometimes attached. Motile flagellate and non- 
motile conidia. Filaments sometimes motile with a gliding movement. Cells 
sometimes contain free sulfur. 


Order III. Chlamydobacleriales, p. 9S1 

15. Cells fiexuous, not rigid. 

1 . Cells elongate. Motility, by creeping on substrate. 

Order IV. Myxobacleriales, p. 1005. 

2 . Cells spiral. Motility, free swimming by flexion of colls. 

Order V. Spirochaetahs, p. 1051. 

Supplements: Groups whose relationships are uncertain. 

1. Obligate intracellular parasites or dependent directly on living cells. 

a. Not ultramicroscopic and only rarely filterable. More than 0 1 micron in 
diameter. 

Group I. Order Rickettsiales, p. 1083. 

aa. Usually ultramicroscopic and filterable. Except for certain pox viruses 
of animals and a few plant viruses, less than 0.1 micron in diameter. 

Group II. Order Virales, p. 1128 

2 . Grow in cell-free culture media with the development of polymorphic struc- 

turcs including rings, globules, filaments and minute reproductive bodies (less 
than 0.3 micron in diameter). 

Group III. Family Borrelomycetaceae, p. 1291. 


ORDER I. EUBACTERIALES BUCHANAN. 

(Jour. Bact,, B, 1917, 162.) 

Simple and undifferentiated rigid cells which are either spherical or rod-shaped. 
The rods may be short or long, straight or curved or spiral. Some groups or species 
are non-motile others show locomotion by means of flagella. Elongated cells Lide 
by transverse fission and may remain attached to each other in chains. Spherical or¬ 
ganisms divide either by parallel fission producing chains, or by fission alternating in 
two or three planes producing thus either tetrads or cubes of 8 and multiples of 8 cefls 
Many spherical cells form irregular masses in wliich the plane of division cannot be 
ascertained. Endospores occur in some species. Some species are chromogenic 

.hrt ilirpta.!?* „ .,b„ 

Uv bT^°‘*‘’‘ih° f ^ Chlamydobacleriales on account of the physiological similar- 

Z^lTp Ur" These" Je In Fimily Aebro- 


KEY TO ORDERS AND SUBORDERS 
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Sub-Order I. Eubacterllneae Breed, Murray and IIitcuens. 

(Jour. Bact., 47, 1944, 421.) 

These are, as the name Eubacteriinae implies, the true bacteria in the narrower 
sense of the word. The cells are rigid and free. Branching occurs onlj' under ab¬ 
normal conditions of life. They are not attached by holdfasts nor stalks. They 
form no sheaths. One-third of the species form pigments, but these have no photo¬ 
synthetic properties. Endospores occur in one family (Bacillaccae), rarely in others. 


Key to the Families of the Sub^Order Eubacterllneae. 


I. No endospores (except Sporosarcina). 

A. Can develop on inorganic media. Autotrophic and facultative autotrophic. 

Family I. Nitrobacteriaceac, p. 69. 

B. Cannot develop on inorganic media (exceptions, see Family XII. Dactcriaceae). 
Heterotrophic. 

1. Polar flagellate, straight, curved or spiral rods. Gram-negative. (Some 
species with a single flagellum will be found under Family IV. Rhizobiaceae, 
Family V. A/icrococcoceac and Family VIII. Corynebacleriaceae), 

Family II. Pseudomonadaccae, p. 82. 

2. Large, oval, pleomorphic cells sometimes almost yeast-like in appearance. 
Free living in soil. Fix free nitrogen. Peritrichous flagellation. 

Family III. Azotobacteriaceae, p. 219. 

3. Peritrichous or non-motilc rods, and cocci. 

a. Heterotrophic rods which may not require organic nitrogen for growth. 
Usually motile with one to six or more flagella. Usually form nodules 
or tubercles on roots of plants, or show violet chromogenesis. 

Family IV. Rhizobiaceae, p. 223. 

aa. Heterotrophic rods or cocci which utilize organic nitrogen and usu¬ 
ally carbohydrates. 

b. Spherical cells in masses, tetrads, and packets. A few species are 
motile with one or two flagella. 

c. Gram-positive to Gram-negative cocci. Not obligate 
parasites. 


Family V. Micrococcaceae, p. 235. 
cc. Gram-negative, and sometimes anaerobic cocci. Obligate 
parasites. 

Family VI. Ncisseriaceae, p. 295. 
bb. Spherical cells which grow in pairs and chains; and rods. 

c. Gram-positive cocci and rods. Non-motile (some species of 
Sireplococcaceae or Corynebacleriaceae may show motility), 

d. Microaerophilic to anaerobic cocci and rods. Frequently 
in chains. Active in the fermentation of sugars. Never 
reduce nitrates. 

Family VII. Lactobacieriaceae^ p. 305. 
dd. Usually aerobic, but sometimes anaerobic rods. Less 
active in the fermentation of sugars. May or may not 
reduce nitrates. 

Family VIII. Corynebacteriaceae, p. 381, 
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cc. Gram-negative rods. When motile, from four to many peri- 
trichous flagella. 

d. Grow well on ordinary media containing peptone, .\erobir 
to facultative anaerobic. 

e. Gram-negative, straight rods which ferment sugars 
with the formation of organic acids, 

f. Produce little or no acid in litmus milk. May or 
may not reduce nitrates. Many yellow chromo¬ 
gens. Borderline between this and following 
family indistinct. Some species anaerobic. 

Family IX. Achromobacteriaceae, p. 412. 
ff. Produce CO 2 and frequently visible gas (CO 2 + 
H 2 ) from glucose. Reduce nitrates. Usually 
from the alimentary, respiratory or urinary tract 
of vertebrates, though some are free-living or even 
plant parasites. 

Family X. Enterobacteriaceae, p. 443. 
dd. Small Gram-negative rods. Obligate parasites which 
usually require body fluids for growth. Do not grow well 
on ordinary media. Some are anaerobic. 

Family XI. Parvobacteriaceae, p. 545. 
ccc. Rods of varied types not included in above families. 

Aerobic to facultative anaerobic. 

Family XII. Bacteriaceae, p. 0 %. 

II. I ttrin endosporcs. Large rods, sometimes in chains. Aerobic to anaerobic. 

Family XIII. Bacillaceaej p. 704. 



•FAMILY I. NITROBACTERIACEAE BUCHANAN 

(Jour. Bact., 5, 1917, 349 and Jour. Bact., 5,1918, 179.) 

Cells without endospores. Rod-shaped or ellipsoidal except for one spherical spe¬ 
cies {Nitrosococcus niirosus). Spiral rods in Nitrosospira and in one species of 
Thiobacillus. Flagella either polar (so far as known), or absent. Gram stain un¬ 
certain, but presumably Gram-negative for all of the polar flagellate, rod-shaped 
species except for Nitrosomonas monocella which is reported to be Gram-positive. 
Capable of growing without organic compounds, using CO 2 as the source of carbon, 
and obtaining their energy by oxidation of ammonia, nitrite, hydrogen, sulfur, or 
thiosulfate. Some species can also utilize organic compounds. Non-parasitic, 
usually soil or water forms. 


Key to the tribes and genera of family Nltrobacterlaceae, 

A. Organisms oxidize anunonia to nitrite, or nitrite to nitrate. Growth on stand¬ 
ard media very poor or absent. 

Tribe I. Kitrobacterieae, p. 70. 

a. Cells oxidize ammonia to nitrite. 

b. Cells are separate, free or in dense aggregates. Do not form zoogloea. 

c. Cells ellipsoidal. 

Genus I. Nitrosomonas^ p. 70. 

cc. Cells spherical. 

Genus II. Nitrosococcus^ p. 71. 

ccc. Cells spiral. 

Genus III. Nitrosospira, p. 71. 

bb. Cells form a zoogloea. 

c. The zoogloea is surrounded by a common membrane forming a 
cyst. 

« Genus IV. Nitrosocystis, p. 72. 

cc. The massed cells are embedded in slime. No common membrane 

surrounds the cells. 

Genus V. Nitrosogloea, p. 73. 

aa. Cells oxidize nitrite to nitrate, 
b. Cells form no zoogloea. 

Genus VI. Nitrohacter, p. 74. 

bb. Cells form a zoogloea. 

Genus VII. Niirocystis, p. 75. 

B. Organisms oxidize hydrogen. 

Tribe II. Hydrogenomonadeae, p. 76. 

a. Aerobic, non-spore-forming rods with single polar flagellum, or non-motile. 

Genus I. Hydrogenomonas, p. 76. 


* Text revised by Prof. R. S. Breed and Prof. H. J. Conn, Geneva, N. Y., Dec., 
1937. Completely revised by Dr. R. L. Starkey, New Jersey Agricultural Experiment 
Station, New Brunswick, N. J., March, 1943. 
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C. Organisms oxidize sulfur or thiosulfate and similar inorganic comp>ounds of 
sulfur. 

Tribe III. Thiohacilleaet p. 78. 

a. Aerobic to anaerobic, non-spore-forraing rods with a single polar flagellum 
on each (so far as known), or non-motile. 

Genus I. Thiobacillus, p. 78. 


TRIBE I. NITROBACTERIEAB WINSLOW ET AL. 

(Jour. Bact., 6, 1920, 201.) 

Organisms deriving energy from the oxidation of ammonia to nitrite or from 
nitrite to nitrate and depend on this oxidation for growth. Fail to grow on media 
containing organic matter in the absence of the specific inorganic materials used as 

sources of energy. Many organic compounds commonly used in standard culture 
media are toxic to this group. 


Genus I. Nltrosomonas Winogradsky, 

(ATiVromonasWinogradsky, Ann. Inst. Past., 4, 1890,257; Arch. Sci. biol., St. Peters¬ 
burg, /, 1892,127; emend. S. and H. Winogradsky, Ann. Inst. Past. 60, 1933, 350.) 

Cells ellipsoidal, non-motile or with a single polar flagellum, occurring singly, in 
pairs, short chains or irregular masses, which are not enclosed in a common membrane. 
Oxidize ammonia to nitrite more rapidly than the other genera of this tribe. From 
Latin, nitrosus, full of soda; M.L. nitrous; and Greek monas, a unit; M.L. a monad. 
The type species is Nitrosomonas europaca Winogradsky. 


1 . Nitrosomonas europaea Winograd¬ 
sky. (Arch. Sci. biol., St. Petersburg, 
f, 1892, 127; Bacterium nitrosomonas 
Lehmann and Neumann, Bakt. Diag., 
2 nd ed., 2, 1899, 187; Pseudomonas 
europaea Migula, in Engler and Prantl, 
Die naturl. Pflanzenfam., 1, la, 1895, 29; 
Planococcus europaeus Vuillemin, Ann. 
Mycologie, Berlin, 11, 1913, 525.) From 
Latin, europaeus, of Europe. 

Rods: 0.9 to 1.0 by 1.1 to 1.8 microns 
occurring singly, rarely in chains of three 
to four. Possess a single polar flagellum 
3 to 4 times the length of the rods, or 
rarely one at either end. 

Grow readily in aqueous media with¬ 
out organic matter, and containing am¬ 
monium sulfate, potassium phosphate, 
and magnesium carbonate. The cells 
accumulate in soft masses around the 
particles of magnesium carbonate at the 
bottom of the flask. The liquid is occa¬ 
sionally turbid through development of 
motile swarmer cells or monads. 


Small, compact, sharply defined colo¬ 
nies brownish in color on silica gel. 

Aerobic. 

Strictly autotrophic. 

Source: Soils of Zurich, Switzerland; 
of Gennevilliers, France; and Kazan, 
Ruesia. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

la. Nitrosomonas europaea var. italica 
Perotti (Rendic. d. Accad. d. Lincei 
Roma, 16, 1906, 516; Abs. in Cent. f. 
Bakt., II Abt., 19, 1907, 337). Also see 
Engel and Skallau (Cent. f. Bakt., 11 
Abt., 97, 305,1937). 

2. Nitrosomonas monocella Nelson. 
(Cent. f. Bakt., II Abt., 8S, 1931, 287.) 
From Greek monos, single and Latin 
cella, room; M.L. single cell. 

Ovoid rods: 0.6 to 0.9 micron, often 
occurring in pairs. Young cells nearly 
spherical. Motile by means of a single 
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polar flagellum 3 to 5 times as long as the 
rod. Gram-positive (Nelson). Found 
negative by H. J. Conn (personal com¬ 
munication). 


No growth in nutrient broth, nutrient 
agar, nutrient or plain gelatin, plain or 
litmus milk, glucose or plain yeast 
water, or on potato. 

Silica gel or agar plates of inorganic 
medium: No typical colonies, but yel¬ 
lowish brown masses of growth around 
particles of OCO 3 in the medium. 

Inorganic liquid medium containing 
ammonium salts: Uniform development 
throughout the liquid as well as in the 


carbonate sediment. 


Even low concentrations of organic 
matter retard or completely inhibit the 
initiation of growth. Plant extracts are 
toxic. 


Free COj and Oj necessary for growth. 

Optimum pH 8.0 to 9.0. Poor growth 
below pH 7.0. Some growth above pH 
9.0. 

Optimum temperature for growth and 
oxidation 28°C. 

Aerobic. 

Strictly autotrophic. 

Source: Isolated from field soil. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

S. Winogradsky and H. Winogradsky 
(Ann. Inst. Pasteur, 50, 1933, 394) have 
described 5 cultures of Nitrosomonas 
which were obtained from soils of France. 
An additional culture has been described 
by H. Winogradsky (Ann. Inst. Pasteur, 
58, 1937, 394) from activated sludge. 


Genus II. Nltrosococcus Winogradsky. 

(Arch. Sci. biol., St. Petersburg, t, 1892, 127.) 

Cells large spheres, non-motile, not producing zoogloea. Oxidize ammonia to nitrite. 
From Latin, nitrosus, full of soda; and Greek kokkos, grain; M.L. nitrous coccus. 

The type species is Nitrosococcus nitrosus (Migula) Bergey et al. 


1. Nltrosococcus nitrosus (Migula) 
Bergey et al. (Nitrosococcus Winograd¬ 
sky, Ann. Inst. Pasteur, 6, 1891, 577; 
Arch. Sci. biol., St. Petersburg, 1, 1892, 
127; Micrococcus nitrosus Migula, Syst. 
d.Bakt.,5,1900,194; Nitrosococcus ameri- 
canus Buchanan, Jour. Bact., 5, 1918, 
180; Manual, 2nd ed., 1925, 35.) From 
Latin, nitrous, full of soda; M.L. nitrous. 

Large spheres, 1.5 to 1.7 microns in 
size, with thick cell membrane. Motil¬ 
ity could not be demonstrated. Stains 
readily with aniline dyes. Observed 
no zoogloea formation. Gram-positive 


(Omelianski, Cent. f. Bakt., II Abt., 19, 
1907, 263). 

Liquid medium: Turbidity. 

Silica gel: Both dark and light colonies. 
Surface colonies look like small drops of a 
turbid yellowish liquid. 

Aerobic. 

Optimum temperature 20® to 25®C. 

Source: Isolated from soil from Quito, 
Ecuador; Companias, Brazil; Melbourne, 
Australia. 

Habitat: Presumably widely distrib¬ 
uted in soil. 


Genus III. Nltrosospira Winogradsky. 

(Compt. rend. Acad. Sci., Paris, IQS, 1931, 1004; Ann. Inst. Pasteur, 50, 1933, 406.) 

Cells spiral-shaped. Oxidize ammonia to nitrite very slowly. From Latin, 
nitrosus, full of soda; and spira, coil, spiral; M.L. nitrous spiral. 

The type species Is Nitrosospira briensis Winogradsky. 
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1. Nitrosospira briensis Winogradsk}'. 

(Ann. Inst. Pasteur,50,1933,-iOT.) From 
French, Brie, a place name; M.L. of 
Brie. 

Spirals wound tightly to form very 
small cylinders as long as 15 to 20 mi¬ 
crons. Short spirals have the appearance 
of short rods and ellipsoidal cells. Small 
pseudo-cocci were observed in old cul¬ 
tures. 

Colonies on silica gel: Small colonies 
which occasionally contain cyst-like ag¬ 
gregates of cells. The cysts are more 
poorly developed than in Niirosocystis. 

Aerobic. 

Reaction optimum: pH 7.0 to 7.2. 


Source: Uncultivated pasture soil of 
Brie, France. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

2. Nitrosospira antarctica Winograd¬ 
sky. (Ann. Inst. Pasteur, SO, 1933, 407.) 
From Greek, antarkitos, southern, 
antarctic. 

Cells and colonies similar to .V. brien¬ 
sis except that the cells are generally 
wound together to form more compact 
spirals. 

.4erobic. 

Reaction optimum: pH 7.0 to 7.2 

Source: Soil from the Antarctic. 

Habitat: Presumably widely distrib¬ 
uted in soil. 


Genus IV. Nitrosocystls Winogradsky. 

(Compt. rend. Acad. Sci., Pans, 192, 1931, 1003; Ann. Inst. Pasteur, 50, 1933, 399.) 

Cells ellipsoidal or elongated, uniting in compact, rounded aggregates surrounded 
by a common membrane to form cysts. The cysts disintegrate to free the cells, par¬ 
ticularly when transferred to fresh media. Within the cyst, the cells are embedded 
in shme. O.xidize ammonia to nitrite at a rate intermediate between Nilrosomonas 

and Nitrosospira. From Latin, nitrosus, full of soda; and Greek, kystis, bladder; 
M.L. nitrous cyst. » » 

The type species is Nitrosocystis javanensis comb. nov. 


1. Nitrosocystis javanensis comb. nov. 
{Nitrosomonas javanensis Winogradsky, 
Arch. Sci. biol., St. Petersburg, 1, 1892, 
127; Pseudomonas javanensis Migula, 
in Engler and Prantl, Die naturl. 
Pflanzenfam., 1, la, 1895, 30; Compt. 
rend. Acad. Sci., Paris, 192, 1931, 1003.) 
From Latin, of Java. 

Small ellipsoidal cells having a diam¬ 
eter of 0.5 to 0.6 micron. Possess a {X)lar 
flagellum 20 times as long as the rods. 

In liquid medium produces very com¬ 
pact zoogloeal masses of cells and motile 
swarmers. The large zoogloea are them¬ 
selves composed of smaller compact 
aggregates o/ cells. 

On silica gel the colonies are circular to 
elliptical becoming clear or light brown. 

Aerobic. 

Strictly autotrophic. 

Source; Soil of Buitenzorg, Java; 
Tokyo, Japan; La Reghaia, Tunisia. 


Habitat: Presumably widely distrib¬ 
uted in soil. 

2. Nitrosocystis coccoldes nom. nov. 
{Nitrosocystis a, S. Winogradsky and H. 
Winogradsky, Ann. Inst. Pasteur, 50, 
1933,401.) From Greek, kokkos, a grain; 
cidos, form, shape; M.L. coccus-like. 

Ellipsoidal cells about 1.5 microns in 
diameter. Occur as compact aggregates 
of cells imbedded in mucus and sur¬ 
rounded by a thickened capsule to form 
cyst-like bodies. Cells rarely solitary 
but more often in pairs and in small 
groups of four or more. Probably motile. 
The mucus w’hich surrounds the cells is 
not readily stained, whereas the outside 
coating stains more easily. 

Colonies on silica gel: As colonies de¬ 
velop, the coating of CaCO> on the gel 
becomes yellowish and dissolves and the 
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colony appears as a bulbous, angular, 
brown body which may become 0.5 mm. 
in diameter. The cells are held firmly 
together in these irregularly shaped bul¬ 
bous aggregates. 

Aerobic. 

Source: Poor soils of Brie and else¬ 
where in France. 

Habitat: Presumably widely distrib¬ 
uted in forest and nmnured soils. 

A similar culture called Nitrosocysiis 
B.A. was isolated from activated sludge 
by H. Winogradsky (Compt. rend. Acad. 
Sci., Paris, m, 1935, 1888; Ann. Inst. 
Pasteur, 68, 1937, 326). It produced 
compact, bulbous, dented cyst-like ag¬ 
gregates of cells having a yellow' color. 
The colonies produced clear zones on 
silica gel coated with CaCOj. These 
cysts were composed of oval or elongated 
coccoid cells imbedded in mucus and sur- 
, rounded by a thickened capsule, com¬ 


posed of two layers. The cells become 
dispersed from the cysts as motile cells 
and form new' colonies. This culture 
differs from coccoidcs in that the 
colonies have a pale reddish yellow color 
and the oval cells are 0.5 by 1.5 microns 
in size. 

Cultures of Niirosocystis were obtained 
by Rommell (Svensk. botan. Tidskrift, 
26, 1932, 303) from forest soils. Kingma 
Boltjes (Arch. f. Mikrobiol., 6, 1935, 79) 
obtained cultures which produced masses 
of cells, some of w’hich were loose and 
others compact. They w’ere not believed 
to be true zoogloea since no capsule or 
slimy substance was noted. The de¬ 
velopment of true cysts by nitrifying 
bacteria w’as questioned. Winogradsky 
(Bull. d. ITnst. Pasteur, 33, 1935, 1074) 
concluded that Kingma Boltjes worked 
with a culture of Nitrosocysiis and not of 
Nitrosoinonas as was believed. 


Genus V. Nltrosogloea H. Winogradsky. 

(Compt. rend. Acad. Sci., Paris, 200, 1935, 1887; Ann. Inst. Pasteur, 58, 1937, 335.) 

Cells ellipsoidal or rod-shaped. Embedded in slime to form zoogloea. No common 
membrane surrounds the cells aggregates. O.xidize ammonia to nitrite. From Latin, 
nitrosus, full of soda; and Greek, gloea, glue, jelly; M.L. nitrous jelly. 

The type species is Nitrosogloea merismoides H. Winogradsky. 


1. Nltrosogloea merismoides H. Wino¬ 
gradsky. {Nitrosocysiis H. Wino¬ 
gradsky, Trans. Third Intern. Cong. 
Soil Sci,, Oxford, 1, 1935, 139; Compt. 
rend. Acad. Sci., Paris, 200, 1935, 1887; 
Ann. Inst. Pasteur, 68, 1937,333.) From 
Greek, merismos, a dividing, division; 
eidos, form, shape; M.L. division-like. 

Ellipsoidal cells; 0.5 by 1.5 microns. 
Oval cells or short rods forming tetrads 
or chains, each group w'ith its own sheath. 
The groups vary in shape to produce 
branched chains, irregular or compact 
aggregates. 

Colonies on silica gel: Cells encased in 
a pale yellow mucilage giving the colony 
a dull appearance. Colony surface stud¬ 
ded with little humps. 


Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 

2. Nitrosogloea schizobacteroides H. 

Winogradsky. {Niirosocystis H. 

Winogradsky, Trans. Third Intern. Cong. 
Soil Sci., Oxford, 1, 1935, 139; Compt. 
rend. Acad. Sci., Paris, 200, 1935, 1887; 
Ann. Inst. Pasteur, 58,1937, 333.) From 
Greek, schizo, to split; bakterion, a small 
rod ; eidos, form, shape; M.L. like a divid¬ 
ing rod. 

Rods: Elongated rods or short fila¬ 
ments 3 to 4 microns long. 

Colonies on silica gel: Flat groups of 
cells are produced which are united in a 
common sheath. The aggregates form a 
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pseudo-tissue of interwoven filaments 
suggestive of a fungus pad. The pad can 
be removed as a unit from the medium. 
Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 

3. Nitrosogloea membranacea II. 
Winogradsky. {Nitrosocyslis “111”, H. 
Winogradsky, Trans. Third Intern. Cong. 
Soil Sci., Oxford, /, 1935, 139; Compt. 
rend. Acad. Sci., Paris, 200, 1935, 1887; 
.Ann. Inst. Pasteur, 58, 1937,333.) From 


Latin, membranaceus, of skin or 
membrane. 

Ellipsoidal cells commonly in pairs and 
also solitary. 

Colonies on silica gel: Appear as dull 
mucoid material with a pale straw color. 
The cells are held firmly together so that 
the entire colony is easily picked up with 
the transfer needle. No structural units 
within the colon)'. 

.Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 


Genus VI. Nitrobacter Winogradsky. 

(Winogradsky, Arch. Sci. biol., St. Petersburg, /, 1892, 127; Nitromonas Orla- 
Jensen, Cent. f. Bakt., II .Abt., 22, 1909, 334; not Nitromonas Winogradsky, Ann. 
Inst. Past., 4,1890,257; Nitrobacterium Castellani and Chalmers, Manual Trop. Med., 
1919, 933.) 

Cells rod-shaped. Oxidize nitrite to nitrate. From I.atin, nitruin, soda; M.L. 
nitre; and Greek haktron, a small rod. 

The type species is Nitrobacter winogrndskyi Buchanan. 


1. Nitrobacter winogradskyi Buch¬ 
anan. {Nitrobacter Winogradsky, Arch. 
Sci. biol., St. Petersburg, 1, 1892, 127; 
Bacterium nitrobacter Lehmann and Neu¬ 
mann, Bakt. Diag., 2nd ed., 2, 1899, 187; 
Bacillus nitrobacter Lohnis, Vorlesungen 
landw. Bakt., Berlin, 1913, 152; Buch¬ 
anan, Jour. Bact., 3, 1918, 180; Nitrobac- 
terium nitrobacter Castellani and Chal¬ 
mers, Manual Trop. Med., 1919, 933.) 
Named for S. Winogradsky, 1856- , the 
Russian microbiologist, who first isolated 
these bacteria. 

Description taken from Gibbs, Soil 
Sci., 8, 1919, 448, 

Short, non-motile rods with gelatinous 
membrane, 0.6 to 0.8 by 1.0 to 1.2 mi¬ 
crons. Does not stain readily. Gram¬ 
negative (Omelianski, Cent. f. Bakt., II 
Abt., 19, 1907, 263.) 

Can be cultivated on media free of 
organic matter. Sensitive to certain 
organic compounds. 

Washed agar colonies: In 7 to 10 ^ys 
very small, light brown, circular to ir¬ 
regular colonies, becoming darker. 


Silica gel: Colonies smaller but more 
dense than on washed agar. 

Washed agar slant: In 7 to 10 days 
scanty, grayish streak. 

Inorganic solution medium: After 10 
days flocculent sediment. Sensitive to 
ammonium salts under alkaline condi¬ 
tions. 

Nitrite is oxidized to nitrate. 

Aerobic. 

Strictly autotrophic. 

Optimum temperature 25® to 28®C. 

Source: Soil. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

2. Nitrobacter agile Nelson. (Cent. f. 
Bakt., II Abt., 83, 1931, 287.) From 
Latin agile, quick, agile, motile. 

Rods: 0.5 by 0.8 to 0.9 micron, occur¬ 
ring singly, sometimes in pairs or larger 
aggregates. Rapidly motile with a long, 
thin, polar fiagellum often 7 to 10 times 
as long as the rod. (Non-motile culture 
obtained by Kingma Boitjes, Arch, f* 
Mikrobiol., 6, 1935,79.) Gram-negative. 
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No growth in nutrient broth, nutrient 
agar, nutrient or plain gelatin, litmus or 
plain milk, glucose or plain yeast w’ater, 
or on potato. 

Nitrite agar: After two weeks, produces 
semi-spherical, minute, nearly transpar¬ 
ent colonies. Oxidation usually com¬ 
plete in 10 to 14 days. 

Inorganic liquid medium containing 
nitrite: Produces uniformly dispersed 
growth. 

Optimum pH 7.6 to 8.6. Limits of 
growth 6.6 to 10.0. 


Temperature relations: Optimum for 
growth 25® to 30®C. Optimum for oxida¬ 
tion 28®C. No oxidation at 37®C. Ther¬ 
mal death point 60®C. for five minutes. 

Strictly autotrophic. 

Aerobic. 

Source: Isolated from greenhouse soils 
and from sewage effluents in Madison, 
Wisconsin. 

Habitat: Presumably widely distrib¬ 
uted in soil. 


Genus VII. Nltrocystls H. Winogradsky. 

(Trans.Third Intern. Cong. Soil Sci., Oxford, /, 1935,139; Nitrogloean. Winogradsky, 

Comp. rend. Acad. Sci., Paris, 200, 1935, 1888.) 

Cells ellipsoidal or rod-shaped. Embedded in slime and united into compact zoo- 
gloeal aggregates. Oxidize nitrite to nitrate. From Latin, nitrum, soda; M.L. 
nitre; and Greek, kysiis, bladder; M.L. nitric cyst. 

The type species is Nitrocystis sarcinoides. 


1. Nitrocystis sarcinoides H. Wino¬ 
gradsky. {Nitrocystis B. A., Winograd¬ 
sky, H., Compt. rend. Acad. Sci., Paris, 
200, 1935, 1888; Nitrocystis and 
Winogradsky, H., Trans. Third 
Intern. Cong. Soil Sci., Oxford, 1, 1935, 
139; Ann, Inst. Pasteur, 68, 1937, 336.) 
From Latin, sorcina, a packet; M.L. 
iSarctna, a genus; Greek, eidos, form; 
M.L. iSarctna-like. 


Hods: Small rods 0.5 by 1.0 micron. 
Cells ellipsoidal or wedge-shaped and 
grouped in sarcina-like packets. 

Colonies on silica gel: On the surface of 
gel coated with kaolin the colonies appear 
as small raised amber warts. The colon¬ 
ies grow up to 5 mm. in diameter. The 


colonies are viscous and sticky when 
young and they become brown with age, 
shrink, and look like scales and become 
hard like grmns of sand. Each colony is 
enveloped in several layers of a thick 
slime which holds the cells together so 
that the entire colony can be removed 
with a transfer needle. 

Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 


2. Nitrocystis micropunctata H. Wino¬ 
gradsky. {Nitrocystis **IIP*, Wino¬ 
gradsky, H., Trans. Third Intern. Cong. 
Soil Sci., O.xford, 1, 1935, 139; NUrogloea 
micropunctata Winogradsky, H., Compt. 
rend. Acad. Sci., Paris, 200, 1935, 1888; 
Ann. Inst. Pasteur, 68, 1937,326.) From 
Greek, mikros, small, little; and Latin, 
punctatus, spotted; M.L. with small 
spots. 

Cells are ellipsoidal rods about 0.5 
micron in diameter which stain poorly 
except at the ends. Encased in a viscous 
slime. 

Colonies on silica gel: Like N. sar¬ 
cinoides except that the colonies are more 
clear and they have a more plastic con¬ 
sistency. The cells are not held together 
by the slime in the colony as with N. 
sarcinoides. The capsule is more readi'y 
differentiated in old colonies. 

Aerobic. 

Source: Activated sludge. 

Habitat: Unknown. 

Appendix: The following have been 
placed in the Tribe Nitrobacterieae, some¬ 
times incorrectly so: 

Bactoderma alba Winogradsky. (Ann. 
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lust. Pasteur, 50, 1933, 414.) From soil. 
This is the type species of genus Bncio- 
ilerma Winogradsky. 

Bactodcrmn rosea Winogradsky (loc. 
cit., p. 415). Isolated from soil. 

Bacterium nitrificans Chester. (Ni- 
tratbildner aus Xortheim, Burri and 
Stutzer, Cent. f. Bakt., II Abt., 1, 1895, 
735; Chester, .\nn. Ilept. Del. Col. Agr. 
Exp. Sta., 9, IS97, 94; Bacillus nitrificans 
Chester Man. Determ. Bact., 1001. 239; 
Achrornnbacter nitrificans Bergey et al., 
Manual, 1 st ed.. 1923, 137.) Froni soil. 
Description of this organism was shown 
by Winogradsky (Cent. f. Bakt., II 
Abt., 2, 1896, 415 and 449) to have been 
based on impure cultures. 

Microderma ininutissima Winogradsky. 
From soil. This is the type species of 
genus Microderma Winogradsky. 

Microdcrma vacuolata Winogradsky 
{loc. cit.). Isolated from soil. 

Nitrosobacillus thermophilus Campbell. 
See Bacillus appendix. 

Nitrobacter flaviim Sack. (Cent. f. 
Bakt., II Abt., 62, 1924, 20.) Isolated 
from garden earth. See description, 


Manual, 5th ed., 1939,74. Heterotrophic 
and does not belong here (liingma 
Boltjes, Arch. f. Mikrobiol., 6, 1935, 83). 

Xitrobacter oligotrophum Beijerinck. 
(lolia Microbiol., S, 1914, 91; Verzamelde 
Geschriften van M. W. Beijerinck, 5 , 
1922, 190.) Isolated from soil. On cul¬ 
tivation this species lost its autotrophic 
habit and became heterotrophic. The 
organism was then called Nitrobacter 
polytrophum Beijerinck. 

Nitrobacter opacum Sack {loc. cit. p. 
21). Source and relationships as above. 
See Manual, 5th ed., 1939, 75. 

Nitrobacter punctatum Sack {loc. cit., 
p. 20). Source and relationships as 
above. See Manual, 5th ed., 1939, 75. 

Nitrobacter roseo-af 6 um Sack {loc. cit., 
p. 17; Serratia roseo-alba Bergey et al., 
Manual, 3rd ed., 1930, 125.) Source and 
relationships as above. See description, 
Manual, 5th ed., 1939, 74. 

iVi/rosomonos groningensis Sack. 
(Cent. f. Bakt., II Abt., 6^, 1925, 34.) 
Source and relationships as above. See 
description. Manual, 5th ed., 1939, 77. 


TRIBE II. HYDROGENOMONADEAE PRIBRAM. 

(Jour. Bact., 18, 1929, 370.) 

Short rods, non-motile or with lophotrichous flagella. Organisms capable of deriv¬ 
ing energy from oxidation of hydrogen. They probably grow well on organic media 
without hydrogen, although this has not been shown to be true for all species. 

Genus /. Hydrogenomonas Orla-Jensen.* 

(Cent. f. Bakt., H Abt., 28, 1909, 311.) 

As the only genus of the tribe, its dehnition is identical with the definition of the 
tribe. From Greek kydor, water; genos, producing and monos, a unit. 

The type species is Hydrogenomonas pantolropha (Kaserer) Orla-Jensen. 

This group of bacteria is characterized by the ability to grow in substrates contain¬ 
ing no organic matter and to utilize elemental hydrogen as the source of energy for 
growth. Under these conditions CO* is used as the source of carbon. Bacteria with 
similar physiological characteristics but differing in morphology are placed in the 
genera Bacterium, Bacillus and Closlridium. Although other bacteria and even cer¬ 
tain algae have enzyme systems which can activate hydrogen and reduce CO, in the 
process, there is no evidence that these organisms are able to grow in inorganic media 
with hydrogen as the exclusive source of energy (See: Stephenson and Stickland, Bio- 
chem. Jour. 1931 205 ^ 215; Woods, Biochem. Jour,, SO, 1936, 515; Lee and Umbreit, 
Cent. f. Bakt., II Abt., 101, 1940, 354; Gaffron, Amer. Jour. Bot., 27, 1940, 273). 
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Key to the species of genus Hydrogenomonas. 

A. Not sensitive to high O 2 concentrations. Growtli in solution media under 

autotrophic conditions characterized by turbidity without pellicle formation. 

1. Ilydrogenonumas pantotropha. 

B. Sensitive to high O3 concentrations. Growth in solution media under auto¬ 

trophic conditions characterized by pellicle adhering to walls of container. 

2. Hydrogenomonas vitrea. 

C. Sensitive to high O 2 concentrations. Growth in solution media under auto¬ 

trophic conditions without pellicle formation. 

3. Hydrogenomonas flava. 


1. Hydrogenomonas pantotropha 
(Kaserer) Orla-Jensen. {Bacillus pan- 
totrophus Kaserer, Cent. f. Bakt., II 
Abt., 16, 1906, 6S8; Orla-Jensen, Cent, 
f. Bakt., II Abt., 2B, 1909, 311.) From 
Greek pantos, everything and trophos, 
feeds on; M.L. omnivorous. 

Rods: 0.4 to 0.5 by 1.2 to 1.5 microns 
with rounded ends. Occur singly, in 
pairs, and in chains. Encapsulated. Ac- 
. lively motile by means of a single long 
polar flagellum. Gram stain not re¬ 
corded. Bipolar staining in old cultures. 

Inorganic solution: When cultivated 
under an atmosphere of O 2 , CO 2 and 
Ht, the liquid becomes turbid without 
pellicle formation. 

Inorganic solid media: When cultivated 
under an atmosphere of O 2 , CO 2 and H 2 , 
the colonies are yellow' and slimy, and the 
agar plates have an odor resembling hot 
soapy w’ater. 

Gelatin colonies: Yellow, smooth, 
rarely concentrically ringed or greenish. 

Gelatin stab: Growth only at surface. 
As a rule no liquefaction. 

Agar colonies: Same as on gelatin, 
greenish, often slimy. 

Broth: Turbid, somewhat slimy, and 
occasional pellicle. 

Milk: No coagulation. A yellow pelli¬ 
cle forms. Medium becomes slimy and 
assumes a dirty flesh color. 

Potato: Moist, yellow, glistening. 

Indole is not formed. 

Hydrogen sulflde is not formed. 

Nitrite is not produced from nitrate. 

Does not act on carbohydrates. 

Aerobic. 


Optimum temperature 28® to 30°C. 
Facultative autotroph. 

Distinctive characters: Develops auto- 
trophically in inorganic medium under an 
atmosphere of Ho, O 2 and COo. Oxidizes 
hydrogen to water and uses CO 2 as the 
source of carbon for growth. 

Source: Isolated from soil near Vienna. 
Habitat: Probably widely distributed 
in soil. 

2. Hydrogenomonas vitrea Niklcwski. 
(Jahrb. f. wissensch. Botanik, 46 , 1910, 
113). From Latin nfrctis, of glass, trans¬ 
parent. 

Rods: 2.0 microns in length, cells ad¬ 
hering to each other as by slime. Mo¬ 
tility not observed. 

Agar colonies on inorganic medium in 
presence of H 2 , O 2 and CO 2 : Delicate, 
transparent, with slight fluorescence, and 
yellow center. Surface folded. Do not 
develop readily beneath the surface of 
medium. 

Agar streak on inorganic substrate: 
Same as agar colonies except that growth 
is spreading. 

Inorganic liquid medium in presence of 
H 2 , O 2 and CO 2 : Pellicle, adherent to 
wall of tube. Good development when 
there is from 2 to 8 per cent oxygen in 
the gas. At higher O 2 concentrations 
good growth occurs only in association 
with H. flava or other bacteria. 

Oxidizes hydrogen to water. 
Microaerophilic, growing in an atmos¬ 
phere of low oxygen tension, not exceed¬ 
ing 8 per cent. 

Facultative autotroph. 
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Distinctive characters: Grows in sub¬ 
strates containing no organic matter and 
produces a pellicle. 

Source: Isolated from mud, garden 
soil, pasture land, vegetable mold, and 
peat. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

3. Hydrogenomonas flava Niklcwski. 
(Jahrb. f. wissensch. Botanik., 48, 1910, 
113; emend. Kluyver and Manten, 
Antonie v. Leuwenhoek, 8, 1942, 71.) 
From Latin Jlavus, yellow. 

Bods: 1.5 microns in length. Motility 
by polar flagella. Gram-negative. 

Agar colonies on inorganic medium in 
presence of Hj, 0. and CO*: Small, 
smooth, yellow, shining, adhering to 
medium. Develop well below surface of 
medium, but growth is paler. 

Gelatin not liquefied. 

Inorganic liquid medium in presence of 
Ha, Oj, and COj: No pellicle formation. 
Good development when there is from 2 
to 8 per cent oxygen in the gas. At higher 
Oa concentrations good growth occurs 


only in association vdth fl. vilrea or other 
bacteria. 

Oxidizes hydrogen to water. 

Microaerophilic, growing in an atmos¬ 
phere of low oxygen tension, not exceed¬ 
ing 8 per cent. 

Facultative autotroph. 

Distinctive characters: Found singly 
on slides whereas the rod-shaped cells of 
Hydrogenomonas viirea tend to cling to¬ 
gether in masses. Colonies on agar 
opaque, not transparent. 

Source: Same as //. vitrea. 

Habitat: Presumably widely distrib¬ 
uted in soil. 

Appendix: Incompletely described 
species are found in the literature as 
follows: 

Hydrogenomonas agilis Niklewski. 
(Jubliaumsschrift f. Prof. E. Godlewski. 
Kosmos, Lemberg, 1913; See Cent. f. 
Bakt., II Abt., 40, 1914, 430.) From 
soil. 

Hydrogenomonas minor Niklewski. 
(Jubliaumsschrift f. Prof. E. Godlewski. 
Kosmos, Lemberg, 1913; See Cent. f. 
Bakt., II Abt., 40,1914, 431.) From soil. 


TRIBE in. THIOBACILLEAE BERGET, BREED AND MURRAY. 

(Preprint, Manual, 5th cd., Oct., 1938, v.) 

Organisms capable of deriving their energy from oxidation of sulfur or sulfur com 
pounds. Most species do not grow on organic media. 


Genus I, ThiobaclUus Beijerinck. 

(Beijerinck Cent f. Bakt., II Abt.. U, 1904,593; Sulfomona. Orla-Jensen. Cent. f. 

Ellis, Sulphur bacteria, London. 1932, 
130; Thwbactenum Lehmann and Neumann, Bakt. Diag., 7 AuH.. «, 1927, 517; not 

I hiobacterium Janke, Allgememe Tech. Mikrobiol., /, 1924. 68 , Leipzig.) 

Small Gram-negative, rod-shaped cells. Non-motile or motile by means of a single 

polar flagellum^ Derive their energy from the oxidation of incompletely oxidized 
sulfur compounds, principally from elemental sulfur and thiosulfate but in some cases 
also from sulfide, sulfite, and polythionates. The principal product of oxidation is 
sulfate, but sulfur is sometimes formed. They grow under acid or alkaline conditions 

car on carbon dioxide or from bicarbonates in solution; some 

From a ' futotrophic. One species is facultative anaerobic. 

From Greek theion, sulfur and Latin bacillus, a small rod 

The type species is Thiobacillus thioparus Beijerinck. 


FAMILY NITROBACTERIACEAE 


79 


Key to the species of genus Thlobaclllus. 

I. Aerobic. 

A. Strictly autotrophic. 

1. Optimum reaction for growth close to neutrality. 

1. Thiobacillus thioparus. 

2. Optimum reaction for growth pH 2.0 to 3.5. 

2. Thiobacillus thiooxidans. 

B. Facultative autotrophic. 

3. Thiobacillus novdlus. 

4. Thiobacillus coprolilicus. 

II. Anaerobic in presence of nitrate. 

5. Thiobacillus denilrificans. 


1. Thiobacillus thioparus Beijerinck. 
(Cent. f. Bakt., II Abt., 11, 1904, 593; 
Nathanson, Mitt. Zool. Station Neapel, 
15, 1902, 655; Sulfomonas thioparus Orla- 
Jensen, Cent. f. Bakt., II Abt., ^2, 1909, 
326). From Greek theion, sulfur and 
paro, to make. 

TWn, short rods, 0.5 by 1 to 3.0 mi¬ 
crons. Motile (non-motile culture re¬ 
ported. See Starkey, Soil Sci., 59, 1935, 
197.) Gram-negative. 

Thiosulfate medium liquid): Pellicle 
consisting of cells and free sulfur. 

Thiosulfate agar: Colonies small, cir¬ 
cular, whitish yellow due to precipitated 
sulfur. 

Optimum reaction: Close to neutrality. 
Strictly autotrophic. Derives its en¬ 
ergy by the oxidation of thiosulfate to 
sulfate and sulfur; also oxidizes sulfur to 
sulfate. 

Aerobic. 

Source: Sea water, river water, mud, 
.sewage, and soil. 

Habitat: Presumably widely distrib¬ 
uted. 

2. Thiobacillus thiooxidans Waksman 
and Joffe. (Jour. Bact., 7, 1922, 239; 
Sulfomonas thiooxidans Waksman, Jour. 
Bact,, 7,1922,616; Thiobacterium ihiooxy- 
dans Lehmann and Neumann, Bakt. Diag., 
7 Aufl., B, 1927 , 517.) From Greek 
theion, sulfur and M.L. to oxidize. 

Short rods: 0.6 by 1.0 micron with 
rounded ends. Occur singly, in pairs, 
or in chains. Motile by means of a single 


polar flagellum. Gram-negative (Star- 
key, Soil Sci.,59,1935, 210). 

Thiosulfate agar: Scant growth. 
Nearly transparent colonies. 

Sulfur medium (liquid): Uniform tur¬ 
bidity. No sediment or surface growth. 
Medium becomes very acid (below pll 
1 . 0 ). 

Thiosulfate medium (liquid): Uniform 
turbidity. Medium becomes acid and 
sulfur is precipitated. 

Nitrogen sources: Utilizes ammonia 
nitrogen but not nitrate nitrogen which 
is toxic. Asparagin, urea and peptone 
not utilized. 

Temperature relations: Optimum 28® 
to 30®C. Slow growth at 18® and 37®C. 
Death occurs at 55® to 60®C. 

Optimum reaction: pH 2.0--3.5. 
(Limiting reactions, pH 6.0 to less than 
pH 0.5.) 

Strictly autotrophic, deriving its 
energy from the oxidation of elementary 
sulfur and thiosulfate, oxidizing these to 
sulfuric acid. It utilizes the CO* of the 
atmosphere as a source of carbon. 

Strictly aerobic. 

Distinctive characters: This species 
produces more acid, from oxidation of 
sulfur, and continues to live in a more 
acid medium, than any other living or¬ 
ganism yet reported, the hydrogen-ion 
concentration of the medium increasing to 
a pH 0.6 and less. 

Source: Isolated from composts of soil, 
sulfur, an4 rock phosphate and soils con¬ 
taining incompletely oxidized sulfur 
compounds. 

Habitat: Soil. 
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3. Thiobacillus novellus Starkey. 
(Jour. Bact., 28, 1934 , 365; Jour. Gen. 
Physiol., IS, 1935, 325; Soil Sci., 39, 
1935, 207 , 210.) From Latin novellus, 
new. 

Short rods or ellipsoidal cells: 0.4 to 
0.8 by 0.6 to 1.8 microns. Xon-motile. 
Gram-negative. 

Gelatin stab: Mucoid growth at point 
of inoculation. Sub-surface growth 
meager. Slow liquefaction. 

Agar plate: Growth slow, colorless, 
moist, raised, circular, 1 mm in diameter. 
Deep colonies tiny, lens-shaped. 

Thiosulfate agar plate: Growth slow, 
becoming white from precipitated sulfur. 
Surface colonies small, circular, moist. 
Crystals of CaS 04 appear throughout the 
agar. 

Agar slant: Growth fairly abundant, 
soft, somewhat ropy, raised, shining, 
moderately spreading; whitish in re¬ 
flected light, brownish opalescence in 
transmitted light. 

Thiosulfate agar slant: Growth very 
thin, practically colorless. No sub-sur¬ 
face growth. Sulfur usually precipitated 
as white frosty film on the surface. 

Agar stab: White to cream-colored 
growth confined close to point of inocula¬ 
tion. Penetrates to bottom of tube. 

Thiosulfate agar stab: No appreciable 
surface growth. 

Broth: Slightly turbid. Gelatinous 
pellicle. Forms long streamer-like 
network extending from surface to the 
bottom. Some sediment. 

Thiosulfate solution medium: Uniform 
turbidity. No pellicle. Whitish sedi¬ 
ment with thin incomplete membrane 
on the bottom of the flask. Reaction 
acid in a few days, changes pH 7.8 to 5.8 
with decomposition of a small quantity 
of tliiosulfate. 

Sulfur solution medium of slightly 
alkaline reaction: No growth. 

Potato slant: Growth limited, cream- 
colored, moist, shining, slightly brown. 

Litmus milk: Slow development of 
slight alkalinity. 

Facultative autotrophic. 


Optimum reaction: Close to neutrality 
(limiting reactions pH 5.0 to 9.0). 

.-Verobic. 

Distinctive characters: Oxidizes thio¬ 
sulfate to sulfate and sulfuric acid. Does 
not oxidize free sulfur. 

Source: Isolated from soils. 

Habitat: Soils. 

4. Thiobacillus coproliticus Lipman 
and McLees. (Soil Sci., 50, 1940 , 432.) 
Latinized form of the English word copro- 
lite, fossil dung. 

I^ng thin rods: 0.1 to 0.2 by 6 to 
8 (may measure 3 to 40) microns. 
Straight, S-shaped, and curved cells. 
Motile by means of a single polar flagel¬ 
lum. 

Peptone soil extract agar: Slight 
growth. 

Nutrient solution: Little or no growth. 

Thiosulfate agar: Slow development. 
Produces small watery colonics raised 
above the agar surface. Colonies have 
been noted which were white from pre¬ 
cipitated sulfur. 

Thiosulfate solution: Thiosulfate is 
oxidized. Little or no turbidity. No 
pellicle. No sediment. Change in re¬ 
action from pH 7.6 to 6.1. 

Sulfur medium: Sulfur is oxidized. 
No turbidity. 

Facultative autotrophic. 

Aerobic. 

Distinctive characters: Develops in 
inorganic media and oxidizes thiosulfate 
and sulfur to sulfate. Media with 
slightly alkaline reactions most favorable 
for growth. 

Source: Coprolite rock material from 
Triassic period (Arizona). 

Habitat: Unknown. 

5. Thiobacillus denitrificans Beijcr- 
inck. (Cent. f. Bakt., II Abt., 11, 1904, 
597; Sulfomonas denitrificans Orla-Jen- 
sen. Cent. f. Bakt., II Abt., 22, 1909, 314.) 
From Latin, de, from; and M.L. nitrifico, 
to nitrify. 

Short rods, 0.5 by 1 to 3.0 microns long. 
Motile by means of a single polar flagel- 
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lum (Tjulpanova-Mossevitch, Arch. d. 
Sci. Biol., U.S.S.R., SO, 1930, 203). 

Inorganic liquid medium: Growth with 
production of gas, predominantly nitro¬ 
gen. 

Thiosulfate agar medium: Colonies 
thin, clear, or weakly opalescent. 

Optimum reaction: Neutral or slightly 
alkaline. 

Autotrophic, utilizing carbon from COj, 
carbonates and bicarbonates. Consid¬ 
ered to be strictly autotrophic by Lieske 
(Ber. d. deutsch. botan. Gesell., SO, 1912, 
12.) and facultative by Tjulpanova- 
Mossevitch (loc.cit.). Beijerinck stated 
(Kon. Akad. v. Wetenschappen Amster¬ 
dam, 4^1 1920, 899) that whereas the 
organism developed initially in an in¬ 
organic medium, it lost the autotrophic 
habit by cultivation in an organic me¬ 
dium. 

Facultative anaerobic or even micro- 
aerophilic. Can live in the absence of 
free Oj in the presence of nitrate. 

Distinctive characters: Oxidizes thio¬ 
sulfate to sulfate under anaerobic con¬ 
ditions using nitrate as the hydrogen 
acceptor which is reduced to N|. Also 
oxidizes sulfide, elemental sulfur, and 
dithionate; 

Habitat: Canal and river water, salt 
water, soil, peat, composts and mud. 

Appendix: The following species have 
been placed in Tkiobacillus or are re¬ 
garded as belonging to the genus: 

Thiobacillus concretivorus Parker. 
(Austral. Jour. Exper. Biol, and Med. 
Sci., SS, 1945, 81.) From corroded 
concrete sewers. Similar to or identical 


with I'hiobacillus thtooxidans Waksman 
and Joffe. 

Thiobacillus crenatus Emoto. (Proc. 
Imp. Acad. Tokyo, 6, 1929, 149.) Iso¬ 
lated from mud of hot springs in Japan. 
See description, Manual, 5th ed., 1939, 
84. Almost identical with Thiobacillus 
thiooxidans Waksman and JofTe. 

Thiobacillus lobatus Emoto {loc. 
cit., p. 148). Source and relationships as 
above. See description, Manual, 5th ed., 
1939, 83. 

Thiobacillus thermitanus Emoto. 
(Bot. Mag. Tokyo, 1928, 422.) 
Source and relationships as above. See 
description, Manual, 5th ed., 1939 , 83. 

Thiobacillus irautweinii Bergey et al. 
See Flavobaclerium appendix. 

Thiobacillus umbonatus Emoto (loc. 
cil., p. 150). Source and relationships as 
above. See description, Manual, 5th 
ed., 1939, 84. 

Thiobacterium beijerinckii Issat- 
chenko and Salimowskaja. (Zur Mor- 
phologie u. Physiol, der Thionsaure- 
bakterien (Russian with German 
abstract), Izyiestia Gosud. Gidrobiol. 
Inst., No. 21,1928,61.) From salt seas in 
Russia. Similar to or identical with 
Thiobacillus IhiopaTus Beijerinck. 

Thiobacterium beijerinckii var. jacob- 
senii Issatschenko and Salimowskaja {loc. 
cil.). Variety of previously mentioned 
species. 

Thiobacterium nathansonii Issat- 
chenko and Salimowskaja {loc. cit.). 
From salt seas in Russia. Similar to or 
identical with Thiobacillus ihioparus 
Beijerinck. 
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FAMILY II. PSEUDOMONADACEAE WINSLOW ET AL. 

(Jour. Bact., 5, 1917, 555.) 

Cells without endospores, elongate rods, straight or more or less spirally curved. 
One genus (Mycoplana) has branched cells. Usually motile by polar flagella which 
are either single or in small or large tufts. A few species are non-raotile. Gram-nega¬ 
tive (a few doubtful Gram-positive tests are recorded in Pseudomonas). Grow 
well and fairly rapidly on the surface of ordinary culture media excepting Methano- 
monas and some vibrios that attack cellulose. They are preferably aerobic, only 
certain vibrios including Desulfovibrio being anaerobic. Either water or soil forms, 
or plant or animal pathogens. 

Key to Ike tribes of family Pseudomonadaceae. 

1. Straight rods. 

Tribe I. Pseudomonadeae, p. 82. 

2. Cells more or less spirally curved. 

Tribe II. Spirilleae, p. 192. 

TRIBE I. PSEUDOMONADEAE KLUYVER AND VAN NIEL. 

(Cent. f. Bakt., II Abt., 94, 1936, 397.) 

This tribe includes all of the straight and branching rods of the family. 

Key to the genera of tribe Pseudomonadeae. 

I. Soil and water bacteria. Few animal and many plant pathogens. Usually 
produce a water-soluble pigment which diffuses through the medium as a 
bluish-green or yellowish-green pigment. 

Genus I. Pseudomonas, p. 82. 

11. Cells usually monotrichous with yellow non-water-soluble pigment. Mostly 
plant pathogens causing necrosis. 

Genus II. Xanlhomonas, p. 150. 

III. Soil bacteria which oxidize methane. 

Genus III. Metharwmonas, p. 179. 

IV. Bacteria which oxidize alcohol to acetic acid. 

Genus IV. Acetohacter, p. 179. 

V. Soil and water bacteria known to attack protamines. 

Genus V. Protaminobacter, p. 189. 

VI. Soil bacteria with branching cells. Capable of using aromatic compounds, 
as phenol, etc., as a source of energy. 

Genus VI. Mycoplana, p. 191. 

Genus I. Pseudomonas Migula.* 

(Migula Arb. bakt. Inst. Karlsruhe, 1, 1894, 237; Bacterium Ehrenberg emeJtd. 
Cohn, Beitr. z. Biol. d. Pflanzen, 1, Heft 1, 1872, 167; Bactrillum Fischer, Jahrb. f* 
wissensch. Bot., 27, 1895,139; Baclrinium Fischer, ibid., 41; Arlhrobactrinium Fischer, 
ibid., 139; Arthrobactrillu7n Fischer, ibid., 139; Bactrinius Kendall, Public Healthj 
28, 1902,484; Bactrillius Kendall, ibid.; Bacterium Ehrenberg emend. Smith, Bacteria 


• Revised for the 5th ed. of the Manual by Prof. D. H. Bergey, Philadelphia, Penn¬ 
sylvania, 1937. Further revision for the 6th ed. by Prof. R. S. Breed, New York State 
Experiment Station, Geneva, New York, with incorporation of the plant pathogenic 
species by Prof. Walter H. Burkholder, Cornell University, Ithaca, New York. 
April, 1943, 
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in Relation to Plant Disease, 1, 1905,171; Denilromonas Orla-Jenscn, Cent. f. Bakt., 
II Abt., 28, 1909, 314; Liquidojjwnas Orla-Jensen, ibid., 332; Lamprdla Eiulcrlein, 
Sitzber. Gesell. naturf. Freunde, Berlin, 1917, 317; Fliioromonas Orla-Jensen, Jour. 
Bact., 6, 1921, 271.) 

Cells monotrichous, lophotrichous or non-motile. If pigments arc produced, they 
are of greenish hue, fluorescent, and water-soluble.* Gram-negative except Nos. 
88, 122 and 128. Frequently ferment glucose, sometimes with the formation of 
visible gas. Inactive in the fermentation of lactose. Nitrates arc frequently re¬ 
duced either to nitrites or ammonia, or to free nitrogen. Some species split fat and 
attack hydrocarbons. Soil, water, and plant pathogens; very few animal pathogens. 
Certain salt water species (Nos. 5S-C4) some of which live in heavy brine are tempo¬ 
rarily retained in this genus although they produce non-water-soluble pigments or 
phosphorescence. From Gr. pseudes, false; monas, a unit; M. L. monad. 

The type species is Pseudomonas aeruginosa (Schroeter) Migula. 

Key to the species of genus Pseudomonas. 

I. Soil and fresh water forms with a few that are pathogenic on cold or warm 
blooded animals. 

1. Green fluorescent pigment produced, 

a. Gelatin liquefied, 

b. Polar flagellate. 

c. Grow readily at 37®C. Usually bluish-green. 

1. Pseudomonas aeruginosa. 

2. Pseudomonas jaegeri. 
cc. Grow poorly or not at all .\t 37®C. 

d. Milk not coagulated becoming alkaline. 

e. Soil and water organisms. Not known to 
digest cellulose. 

3. Pseudomonas Jluorescens. 

4. Pseudomonas viscosa. 

6. Pseudomonas fairmounlensis. 

C. Pseudomonas ureae. 

7. Pseudomonas pavonacea. 
ee. Soil forms that attack cellulose. 

8. Pseudomonas effusa. 
eee. Pathogenic for lizards. 

9. Pseudomonas reptilivorous. 

dd. Milk unchanged becoming blue in association with 
lactic acid bacteria. 

10. Pseudomonas syncyanea. 
ddd. Milk coagulated. 

11. Pseudomonas schuylkiUiensis. 

12. Pseudomonas chlororaphis. 

13. Pseudomonas myxogenes. 

14. Pseudomonas septica. 
dddd. Soil form. Action on milk not recorded. 

15. Pseudomonas boreopolis. 

*Seo Tobie, Jour. Boct., 49, 1945, 459 for a discussion of the nature of 
these pigments. 
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bb. Non-motile. 

c. Grows readily at 37®C. 

16. Pseudomonas smaragdina. 
cc. Grows poorly or not at all at 37®C. 

17. Pseudomonas chlorina. 

aa. Gelatin not liquefied, 

b. Polar flagellate. 

c. Grow readily at 37®C. Usually bluish-green. 

18. Pseudomonas oleovorans. 

19. Pseudomonas incognita. 

20. Pseudomonas convexa. 

21. Pseudomonas mildenbergii. 
cc. Grow poorly or not at all at 37®C. 

d. Milk not coagulated. 

22. Pseudomonas putida. 

23. Pseudomonas scissa. 

24. Pseudomonas ovalis. 

25. Pseudomonas slriaia. 

26. Pseudomonas deniirificans. 
dd. Milk coagulated. 

27. Pseudomonas solaniolens. 

bb. Non-motile. 

c. Grows poorly or not at all at 37® C. 

d. Milk not coagulated. 

28. Pseudomonas eisenbergii. 

2« Green fluorescent pigment not produced or not reported, 

a. Gelatin liquefied, 

b. Polar flagellate. 

c. Grow' poorly or not at all at 37®C. No visible gas from 
sugars. 

d. Rapid reduction litmus. Putrid odor. 

29. Pseudomonas putrefaciens. 
dd. Slow reduction litmus. Alkaline. 

30. Pseudomonas mephitica. 

31. Pseudomonas geniculata. 
ddd. Acid coagulated. 

32. Pseudomonas fragi. 

cc. Acid and visible gas from glucose. Optimum tempera¬ 
ture variable. 

d. Litmus milk reduced and alkaline. 

33. Pseudomonas nebulosa. 
dd. Litmus milk acid coagulated. 

34. Pseudomonas coadunata. 

35. Pseudomonas muUistriata. 

36. Pseudomonas punctata. 

37. Pseudomonas hydropkila. 

38. Pseudomonas ichlhyosmia. 

aa. Gelatin not liquefied, 
b. Polar flagellate, 
c. Grow at 37®C. 
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39. Pstudomonoi ambigua. 

40. Pseudomonas sinuosa. 

41. Pseudomonas cruciviae. 
cc. Grow poorly or not at all at 37®C. 

d. Action on hydrocarbons and cellulose unknown. 

42. Pseudomonas rugosa. 
dd. Utilize hydrocarbons. 

43. Pseudomonas desmolyticum. 

44. Pseudomonas ralhonis. 

45. Pseudomonas dacunhae. 

46. Pseudomonas arvilla. 

47. Pseudomonas salopium. 
ddd. Utilize cellulose. 

48. Pseudomonas rninuscula. 

49. Pseudomonas tralucida. 

50. Pseudomonas mira. 

aaa. Action on gelatin not recorded. Produces alcoholic fermentation of 
glucose. 


51. Pseudomonas lindneri. 

Sea water to brine species. Some species phosphorescent, 

a. Gelatin liquefied. 

b. Polar flagellate. 

c. From sea water. Not deeply pigmented. 

d. Nitrites not produced from nitrates. 

52. Pseudomonas membranoformis. 

53. Pseudomonas marinoglutinosa. 

dd. Nitrites produced from nitrates so far as known, 
e. Digest agar. 

64. Pseudomonas gelatica. 
ee. Deposit calcium carbonate in sea water gelatin 
and agar media in old cultures. 

55. Pseudomonas colds. 

66. Pseudomonas calciprecipitans. 
eee. Causes skin lesions in marine fish. 

57. Pseudomonas ichlhyodermis. 

cc. Produce highly colored pigments in media containing salt 
or in heavy brines, 
d. Blackens salted butter. 

58. Pseudomonas nigrijicans. 

dd. Causes purple discoloration of salted beans. 

59. Pseudomonas beijerinckii. 

ddd. Reddens heavy brines (more than 18 per cent salt). 

60. Pseudomonas salinaria. 

61. Pseudomonas culirubra. 

ccc. Phosphorescent bacteria from decaying fish and crusta¬ 
ceans, and phosphorescent organs of sea animals, 
d. Gelatin liquefied. 

62. Pseudomonas harveyi. 

dd. Gelatin not liquefied. 

63. Pseudomonas phosphorescens. 

64. Pseudomonas pierantonii. 
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III. Plant pathogens, causing leaf spot, leaf stripe and similar diseases. 

1. Green fiuorescent pigment produced, 

a. Gelatin liquefied- 

b. Acid from sucrose. 

c. Nitrites produced from nitrates. 

65. Pseudomonas martyniae. 

66. Pseudomonas striafaciens. 

67. Pseudomonas tomato. 
cr. Nitrites not produced from nitrates. 

d. Growth in 5 per cent salt. 

68. Pseudomonas aceris. 

69. Pseudomonas angulata. 

70. Pseudomonas aptata. 

71. Pseudomonas primulae. 

72. Pseudomonas viridilivida. 
dd. No growth in 5 per cent salt. 

e. Beef peptone agar turns brown. 

73. Pseudomonas delphinii. 
ee. Beef peptone agar uncolorcd. 

74. Pseudomonas berheridis. 

75. Pseudomonas coronajaciens. 

75a. Pseudomonas coronajaciens var. alro- 
pupurea. 

76. Pseudomonas lachrymans. 

77. Pseudomonas maculicola. 

78. Pseudomonas marginala. 

79. Pseudomonas medicaginis. 

79a. Pseudomonas phaseolicola. 

80. Pseudomonas pisi. 

81. Pseudomonas syringae. 
ddd. Growth in salt solutions not recorded. 

82. Pseudomonas atrofaciens. 

83. Pseudomonas cumini. 

84. Pseudomonas desaiana. 

85. Pseudomonas erodii. 

86. Pseudomonas apii. 

87. Pseudomonas matlhiolae. 

88. Pseudomonas mors-prunorum. 

89. Pseudomonas rimaefaciens. 

90. Pseudomonas papulans. 

91. Pseudomonas pseudozoogloeae. 

92. Pseudomonas {abaci, 
ccc. Nitrite production not reported. 

93. Pseudomonas lapsa. 
bb. No acid from sucrose. 

c. Nitrites produced from nitrates. 

94. Pseudomonas bowlesiae. 

95. Pseudomonas iniybi. 

96. Pseudomonas marginalis. 

97. Pseudomonas setariae. 
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cc. Nitrites not produced from nitrates, 
d. Lipolytic. 

98. Pseudomonas pohjcolor. 
dd. Not lipolytic. 

99. Pseudomonas viridijlava. 

99a. Pseudomonas viridijlava var. concen- 
Irica. 

ddd. Lipolytic action not reported. 

100. Pseudomonas ananas, 

101. Pseudomonas ligustri, 

102. Pseudomonas sesami. 

103. Pseudomonas tolaasii. 
bbb. Acid from sucrose not reported. 

c. Nitrites produced from nitrates, 
d. Motile. 

104. Pseudomonas xanthochlora. 
dd. Non-motile. 

105. Pseudomonas rhizoctonia. 
cc. Nitrites not produced from nitrates. 

106. Pseudomonas barkcri. 

107. Pseudomonas gladioli. 

108. Pseudomonas mellea. 
ccc. Nitrite production not reported. 

109. Pseudomonas betlis. 

110. Pseudomonas panacis. 

a. Gelatin not liquefied, 

b. Acid from sucrose. 

c. Nitrites produced from nitrates. 

111. Pseudomonas aleuritidis. 
cc. Nitrites not produced from nitrates. 

112. Pseudomonas glycinea. 

112a. Pseudomonas glycinea var. japonica. 

113. Pseudomonas savastanoi. 

113a. Pseudomonas savastanoi var. fraxini. 

114. Pseudomonas tonelliana. 

bb. No acid from sucrose. 

c. Nitrites not produced from nitrates. 

115. Pseudomonas calcndulae. 

116. Pseudomonas cichorii. 

117. Pseudomonas cissicola. 

118. Pseudomonas neclarophila. 

119. Pseudomonas viburni. 
bbb. Acid from sucrose not reported. 

' c. Nitrites not produced from nitrates. 

120. Pseudomonas mori. 

121. Pseudomonas stizolobii. 

122. Pseudomonas viciae. 

Green fluorescent pigment not produced or not reported, 
a. Gelatin liquefied. 

b. Acid from sucrose. 
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c. Nitrites produced from nitrates. 

d. Beef-peptone agar turns dark brown. 

123. Pseudomonas alliicola. 

124. Pseudomonas gardeniae. 

dd. Beef-peptone agar remains uncolored or light dis 
coloration after several weeks, 

e. Colonies tan to brown. 

125. Pseudomonas caryophylli. 

126. Pseudomonas solanacearum. 

126a. Pseudomonas solanacearum viir.asia 
tica. 

ee. Colonics white or colorless. 

127. Pseudomonas castancae. 

128. Pseudomonas seminum. 
cc. Nitrites not produced from nitrates. 

129. Pseudomonas passifioriae. 
bb. No acid from sucrose. 

130. Pseudomonas fabae. 
bbb. Acid from sucrose not reported. 

c. Nitrites not produced from nitrates. 

131. Pseudomonas astragali. 

132. Pseudomonas colurnae. 

133. Pseudomonas maublancii. 

134. Pseudomonas polygoni. 
cc. Nitrate production not reported. 

135. Pseudomonas iridicola. 

136. Pseudomonas levislici. 

137. Pseudomonas radiciperda. 

aa. Gelatin not liquefied. 

b. Acid from sucrose. 

c. Nitrites not produced from nitrates. 

138. Pseudomonas melaphihora. 
cc. Gas from nitrates. 

139. Pseudomonas helianihi. 
bb. No acid from sucrose. 

c. Nitrites produced from nitrates. 

140. Pseudomonas alboprecipilans. 

141. Pseudomonas petasilis. 

142. Pseudomonas lignicola. 
cc. Nitrites not produced from nitrates. 

143. Pseudomonas andropogoni. 

144. Pseudomonas woodsii. 
bbb. Acid from sucrose not reported. 

c. Nitrites produced from nitrates. . 

145. Pseudomonas panici-miliacei. 

146. Pseudomonas saliciperda. 
cc. Nitrites not produced from nitrates. 

147. Pseudomonas eriobotryae» 
aaa. Gelatin liquefaction not reported. 

b. Nitrites not produced from nitrates. 

148. Pseudomonas tpieringae. 
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1. Pseudomonas aeruginosa (Schroe- 
ter) Migula. {Bacterium aeruginosum 
Schroeter, in Cohn, Beitrage z. Biologie, 
I, Heft 2, 1872,126; Bacillus pyocyaneus 
Gessard, Compt. rend. Acad. Sci., Paris, 
94, 1882, 536 ; 3/icrococcus pyocyaneus 
Zopf, Spaltpilze, 2 Aufl., 1884 , 83; Bacil- 
lua aeruginosus Trevisan, Atti Accad. 
Fis.-Med. Stat., Milano, Ser. 4, 3, 1885, 
11; Bacillus fluorescens Crookshank, 
Man. of Bact., 3rd ed., 1890, 247; not 
Bacillus fluorescens Bergey et al., Man¬ 
ual, 1st ed., 1923, 287; Pseudomonas 
pyocyanea Migula, in Engler and Prantl, 
Die naturl. Pflanzenfam, 1, la, 1895, 29; 
Bacterium pyocyaneum Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 3, 1896, 
267; Migula, Syst. Bakt., 2^ 1900, 884.) 
From Latin, full of copper rust, or ver¬ 
digris; green. 

Rods: 0.5 to 0.6 by 1.5 microns, oc¬ 
curring singly, in pairs and short chains. 
Motile, possessing one to three polar 
flagella. Monotrichous (Reid, Naghski, 
Farrell and Haley, Penn. Agr. Exp. Sta., 
Bull. 422, 1942, 6). Gram-negative. 

Gelatin colonies: Yellowish or greenish- 
yellow, fringed, irregular, skein-like, 
granular, rapidly liquefying. 

Gelatin stab: Rapid liquefaction. 
The fluid assumes a yellowish-green or 
bluish-green color. 

Agar colonies: Large, spreading, gray¬ 
ish with dark center and translucent 
edge, irregular. Medium greenish. 

Agar slant: Abundant, thin, w’hite, 
glistening, the medium turning green to 
dark brown or black, fluorescent. 

Broth: Marked turbidity with thick 
pellicle and heavy sediment. Medium 
yellowish-green to blue, with fluores¬ 
cence, later brownish. Produces pyo- 
cyanin, fluorescein and pyrorubrin (Am. 
Jour. Hyg., 5, 1925, 707). 

Litmus milk: A soft coagulum is 
formed, with rapid peptonization and 
reduction of litmus. Reaction alkaline. 

Potato: Luxuriant, dirty-browm, the 
medium becoming dark green. 

Indole usually not formed (Sandiford, 
Jour. Path, and Bact., U, 1937, 567). 


Nitrates are reduced to nitrites and 
nitrogen. 

Glucose, fructose, galactose, arab- 
inose, maltose, lactose, sucrose, dextrin, 
inulin, glycerol, mannitol and dulcitol 
are not attacked. .\cid from glucose 
(Sandiford, loc. cit.). 

Blood serum: Liquefied. Yellow 
liquid, greenish on surface. 

Blood hemolyzed. 

Cultures liave marked odor of tri- 
methylamine. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Pathogenic for rabbits, guinea pigs, 
rats and mice. 

Common name: Blue pus organism. 

Source: Pus from wounds. Regarded 
as identical with one of the plant patho¬ 
gens {Pseudomonas polycolor) by Elrod 
and Braun (Jour. Bact., 44, 1942, 633). 

Habitat: Cause of various human and 
animal lesions. Found in polluted 
water and sewage. 

2. Pseudomonas jaegerl Migula. 
{Bacillus proteus fluorescens H. Jaeger, 
Ztschr. f. Hyg., 12, 1892, 593; Migula, 
Syst. d. Bakt., 2, 1900, 885; Bacillus 
proteus-fluorescens Holland, Jour. Bact., 
5, 1920, 220; Proteus fluorescens Holland, 
ibid., 22A \ Pseudomonas protea-fluorescens 
Holland, ibid., 224.) Named for H. 
Jaeger who first described the species. 

Short, thick rods, with rounded ends, 
occurring singly and in pairs. Motile 
with a tuft of polar flagella which may be 
pushed to one side where cells remain 
in a chain. Gram-negative. 

Gelatin colonies: Small, transparent, 
becoming proteus-like. 

Gelatin stab: Marked surface growth. 

Saccate to infundibuliform liquefaction. 
Liquefied portion green fluorescent. 

Agar slant: Thick, yellowish-white 
layer, the medium becoming greenish- 
fluorescent. At times gas is formed. 

Broth: Turbid, with greenish-gray pel¬ 
licle and sediment. 

Litmus milk: Not coagulated. 
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Potato: Thick, pale yellow becoming 
dark brown layer, slimy. The medium 
becomes bluish-gray. 

Indole not formed. 

Nitrites not produced from nitrates. 

.Verobic, facultative. 

Optimum temperature 37®C. 

Pathogenic for mice. 

Source: Regarded by Jaeger as the 
cause of Weil’s disease (infectious jaun¬ 
dice) as it was found repeatedly in 
patients suffering from this disease. 
See Leptospira iclerohaemorrhagiae. 

Habitat; Water. 

3. Pseudomonas fluorescens Migula. 
{Bacillus fluorescens liquefaciens Fliigge, 
Die Mikroorganismen, 1886,289; Migula, 
in Engler and Prantl, Die natiirl. Pllan- 
zenfamilien, 1, la, 1895, 29; Bacterium 
fluorescens Lehmann and Neumann. Bakt. 
Diag., 1 Aufl., 5,1896, 272.) From Latin. 
fluor, flowing; M.L. fluorcsco, to fluoresce. 

Rods: 0.3 to 0.5 by 1.0 to 1.8 microns, 
occurring singly and in pairs. Motile, 
possessing a polar flagellum. Gram- 
negative. 

Gelatin colonics: Circular, with green¬ 
ish center, lobular, liquefying quickly. 

Gelatin stab: Infundibuliform lique¬ 
faction, with whitish to reddish-gray 
sediment. 

Agar slant: Abundant, reddish layer, 
becoming reddish-gray. The medium 
shows greenish to olive-brown coloration. 

Broth: Turbid, flocculcnt, with yellow¬ 
ish-green pellicle and grayish sediment. 

Litmus milk: No coagulation; becom¬ 
ing alkaline. 

Potato: Thick, grayish-yellow, spread¬ 
ing, becoming light sepia-brown in color. 

Indole is not formed. 

Nitrates reduced to nitrites and am¬ 
monia. 

Acid from glucose. 

Blood serum liquefled. 

Aerobic. 

Optimum temperature 20° to 25°C. 

Not pathogenic. 

Source: Water, sewage, feces. 

Habitat: Soil and water. 


4. Pseudomonas viscosa (Frankland 
and Frankland) Migula. {Bacillus vis- 
cosus G. and P. Frankland, Ztschr. f. 
llyg-. ^ 7 1889, 391; Migula, Syst. d. Bakt., 
2, 1900, 900.) From M. L. viscidus, 
sticky, viscid. 

Small rods: 0.5 by 1.5 to 2.0 microns, 
occurring singly. Motile and presum¬ 
ably polar flagellate. Gram-negative. 

Gelatin colonies: Grayish, granular, 
with fimbriate margin. Medium assumes 
a green fluorescent color around each 
colony. 

Gelatin stab: Infundibuliform lique¬ 
faction. Liquefied portion green fluores¬ 
cent with greenish-white pellicle. 

Agar slant: Thin, greenish-white, the 
medium becoming greenish. 

Broth: Turbid, with greenish pellicle. 

Litmus milk: Not coagulated. 

Potato: Moist, chocolate-brown, viscid. 

Indole not formed. 

Nitrites not produced from nitrates. 
Destroys nitrate with the production of 
ammonia. 

.Aerobic, facultative. 

Distinctive characters: Resembles 
Pseudomonas fluorescens except that 
growth on agar, gelatin and potato is 
viscid. 

Optimum temperature 20°C. 

Source: Unfiltered water from Kent, 
England. Common. 

Habitat; Water. 

5. Pseudomonas fairmountensis 

(Wright) Chester. {Bacillus jairmoun- 
tensis Wright, Memoirs Nat. Acad. 
Sci., 7, 1895, 458; Chester, Man. 

Determ. Bact., lOOl, Zll \ Achromobacter 
fairmountense Bergey et al.. Manual, 
1st ed., 1923, 146.) From M. L. of Fair- 
mount Park (Philadelphia.) 

Medium-sized rods, occurring singly, 
in pairs and in chains. Motile, posses¬ 
sing polar flagella. Gram-negative. 

Gelatin colonies: Circular, white, 
translucent. Dark centers with a green¬ 
ish shimmer, thinner edges and faint 
radial lines. 

Gelatin stab: Crateriform liquefaction. 
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Agar slant: Grayish-white, glistening. 
Broth: Turbid. 

Litmus milk: Alkaline, litmus reduced. 
Potato: Raised, granular, spreading, 
viscid. 

Indole is formed. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 20° to 25°C. 
Habitat: Water. 

6. Pseudomonas ureae Bergcy et al. 
{Culture No. 3 of Rubcntschick, Cent. f. 
Bakt., II Abt,, IZ, 1927, 101; Bergey et 
al., Manual, 3rd ed., 1930, 173.) From 
Greek, uruw, urine; M. L., urea, urea. 

Rods; 0,6 to 0.7 by 1.7 to 2.0 microns, 
occurring singly and in pairs. Motile. 
Gram-positive. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonies: Circular, grayish-white. 
Agar slant: Grayish-white layer be¬ 
coming greenish-fluorescent. 

Broth: Turbid, 

Litmus milk: Peptonized. 

Potato: Yellowish-brown streak. 

Indole not formed. 

Nitrates reduced with gas formation. 
Ammonia formed. 

Urea attacked. 

Hydrogen sulflde formed. 

Methylene blue reduced. 

Aerobic, facultative. 

Can grow at 0° C. 

Optimum temperature 20°C. 

Habitat: Sewage filter beds. 

This species is included here through 
an oversight. It should have been 
placed in the Appendix to the genus 
Pseudomonas as the original description 
•8 too incomplete to determine its real 
nature. It is reported to be Gram-posi¬ 
tive and motile; but the number and ar¬ 
rangement of flagella are not given. If 
It really is Gram-positive, the species is 
probably peritrichous and does not be¬ 
long in Pseudomonas. 

7. Pseudomonas pavonacea Levine 
and Soppoland. (Bui. No. 77, Iowa 


State .\gricultural College, 1920, 41.) 
From Latin, pavo, peacock. 

Rods: 0.5 by 4.5 microns, with truncate 
ends, occurring singly and in chains. 
Motile. Gram-negative. 

Gelatin stab: Crateriform liquefaction. 
Medium becoming brown. 

Agar colonies: Circular, raised, becom¬ 
ing green, amorphous, entire. 

Agar slant: Greenish, smooth, glisten¬ 
ing, viscid, medium becoming slightly 
brown. 

Broth: Turbid, with viscid sediment. 
Medium turned dark brown. 

Litmus milk: Slightly alkaline. Lit¬ 
mus reduced. Peptonized after 10 days. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Blood serum liquefied in 5 days. 

No acid or gas from carbohydrate 
media. 

Aerobic, facultative. 

Optimum temperature 22°C. 

Source: Isolated from activated 
sludge. 

8. Pseudomonas effusa Kcllerman et 
al. (Kcllerman, McBeth, Scales and 
Smith, Cent. f. Bakt., II Abt., S9, 1913, 
515; also Soil Science, 1, 1916, 472; Cel- 
lulomonas effusa Bergey et al., Manual, 
1st ed., 1923, 162; Bacillus effusus ap¬ 
pears first as a synonym in Bergey at al., 
ibid.; later used as name of species 5th 
ed., 1939, 616.) From Latin, ejlusws, ef¬ 
fuse, spread out. 

Rods: 0.4 by 1.7 microns. Motile 
with one to three polar flagella. Gram- 
negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant, glistening, 
moist, creamy growth. Greenish fluo¬ 
rescence. 

Peptone starch agar slant: Abundant, 
flat, moist rich creamy growth. Medium 
shows greenish fluorescence. 

Broth: Turbid. 

Litmus milk: Alkaline. Coagulation 
and digestion. 
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Potato: Rich, creamy spreading 

growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, starch, 
glycerol and mannitol. No acid from 
lactose or sucrose. 

Cellulose is attacked. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Isolated from soils in Utah. 

Habitat: Soil. 

8a. Pseudomonas effusa var. nondique- 
faciens Kcllcrman et al. {loc. cil.). \ 
non-liquefying variety that acts more 
slowly on litmus milk. 

Source: Soils from Utah. 

9. Pseudomonas reptUivorous Cald¬ 
well and Ryerson. (Jour. Bact., 39, 1940, 
335.) From Latin, reptile, a reptile and 
voro, to devour, destroy. 

Rods : 0.5 by 1.5 and 2.0 microns, oc¬ 
curring singly, in pairs and in short chains 
and having rounded ends. Actively 
motile with two to six polar flagella. 
Gram-negative. 

Gelatin colonies: After 24 hours, small, 
circular, smooth, entire. Liquefaction 
with a yellowish-green fluorescence. 

Gelatin stab: Infundibuliform lique¬ 
faction becoming stratiform. Putrid odor 
present. 

Agar cultures: Circular, smooth, glis¬ 
tening, slightly raised, butyrous, translu¬ 
cent, 2 mm in diameter. 

Agar slant: Growth abundant, smooth, 
filiform, glistening, butyrous and translu¬ 
cent. 

Broth: Turbid with pellicle and sedi¬ 
ment. Putrid odor. 

Litmus milk: Alkaline, peptonization, 
complete reduction. Disagreeable odor. 

Potato: Growth moderate, spreading, 
glistening, yellowish-gray to creamy. 
Disagreeable odor. Medium becomes 
brownish^ray. 

Indole not formed. 

Nitrates not produced from nitrates. 


Hydrogen sulfide not produced. 

Slightly acid, becoming alkaline in 
glucose. No acid from arabinose, xylose, 
lactose, sucrose, maltose, trehalose, raf- 
finose, mannitol, dulcitol, inositol and 
salicin. 

Starch not hydrolyzed. 

Pathogenic for guinea pigs and rabbits, 
horned lizards, Gila monsters and chuck- 
wallas. 

Temperature relations: Optimum 20* 
to 25*C, Maximum 37*C. 

Distinctive characters: Yellowish- 
green fluorescence present in meat in¬ 
fusion media. Pathogenic. 

Source: Isolated in a bacterial disease 
of horned lizards and Gila monsters. 

Habitat: Pathogenic for lizards. 

10. Pseudomonas syncyanea (Ehren- 
berg) Migula. {Vibrio syncyaneus Eh- 
renbcrg, Berichte u.d. Vcrh. d. k. Preuss. 
Akad. d. Wissensch. z. Berlin, 5, 1840, 
202; Vibrio cyanogenes Fuchs, Magazin fur 
die gesamte Tierheilkunde, 7, 1841, 190; 
Bacillus syncyaneus Schrocter, Krypto- 
gam. Flora von Schlesien, 5,1,1886,157; 
Bacillus cyanogenus Zopf, Die Spalt- 
pilze, 3 Aufl., 1885, 86; Migula, in Engler 
and Prantl, Die natiirl. Pflanzenfara., 
/, la, 1895, 29; Bacterium syncyaneum 
Lehmann and Neumann, Bakt. Diag., I 
.\ufl., 2, 1896, 275; Pseudomonas cyano¬ 
genes Holland, Jour. Bact., 5, 1920, 224.) 
From Greek, syn, with; kyaneos, dark 
blue, dark. 

Rods with rounded ends, occurring 
singly, occasionally in chains, 0.7 by 2.0 
to 4.0 microns. Motile with two to four 
polar flagella. Gram-negative. 

Gelatin colonies: Flat, bluish, trans¬ 
lucent. 

Gelatin stab: Surface growth shiny, 
grayish blue. The medium is colored 
steel-blue with greenish fluorescence. 
Gelatin is liquefied. Some strains do not 
liquefy. 

Agar slant: Grayish-white streak. The 
medium takes on a bluish-gray color with 
slight fluorescence. 
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Broth: Turbid with marked fluo¬ 
rescence. 

Litmus milk: Unchanged. In associa¬ 
tion with lactic acid bacteria the milk 
takes on a deep blue color. 

Potato: Yellowish-gray, shiny layer, 
becoming bluish-gray. The medium be¬ 
comes bluish-gray. 

Indole not formed. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: The cause of blue milk. 

11. Pseudomonas schuylkilliensls 
Chester. {Bacillus fiuorescens schuyl- 
killiensis Wright, Memoirs, Natl. Acad. 
Sci., 7,1895, 448; Chester, Determinative 
Bact., 1901, 320.) From M. L. of the 
Schuylkill (River). 

Synonyms: Pseudojnonas capsulata 
Chester, Man. Detcrm. Bact., 1901, 322 
{Bacillus fiuorescens capsulaius Pottien, 
Ztschr. f. Hyg., 11, 1896, 140); Pseudo¬ 
monas dermatogenes Fuhrmann, Cent, 
f. Bakt., II Abt., 17, 1906, 356. 

Short rods, with rounded ends, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile, possessing a polar flagellum. Gram- 
negative. 

Gelatin colonies: Grayish-white, trans¬ 
lucent, with brownish center, radiate 
niargin, becoming bluish-green. 

Gelatin stab: Slow crateriform lique¬ 
faction, with blue-green fluorescence. 

Agar slant: Grayish, translucent 
growth. Medium shows greenish fluores¬ 
cent. 

Broth: Turbid, with slight pellicle and 
blue-green fluorescence. Stringy sedi¬ 
ment. 

Litmus milk: Coagulated, with slow 
reduction of litmus; peptonized. 

Potato: Brownish, spreading, viscid, 
thick. 

Indole is formed (trace). 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Does not grow at 36® to 36®C. 


Source: Isolated from Schuylkill River 

water. 

Habitat: Water, 

12. Pseudomonas chlororaphls (Guig- 
nard and Sauvageau) Bergey et al. {Ba¬ 
cillus cklororaphis Guignard and Sauva¬ 
geau, Ck)mpt. rend. Soc. Biol. Paris, 1, 
10 sdr., 1894 , 841; Bergey et al., Manual, 
3d ed., 1930, 168; also see Lasseur and 
Dupaix-Lasseur, Trav. Lab. Microbiol. 
Fac. Pharm. Nancy, Fasc. 9, 1936, 35.) 
From Greek, chloros, greenish yellow; 
raphis, needle. 

Rods: 0.8 by 1.5 microns, with rounded 
ends, occurring singly and in pairs. Mo¬ 
tile with polar flagella. Gram-negative. 

Gelatin colonies: Circular, viscid, 
transparent, glistening, lobate margin, 
with fluorescent corona. Dissociates 
readily (Lasseur and Dupaix-Lasseur, 
loc. cil.). 

Gelatin stab: Stratiform liquefaction. 

Broth: Turbid, fluorescent, with crys¬ 
tals of green, water-soluble chloro- 
raphine. 

Litmus milk: Ck)agulation. Peptoniza¬ 
tion. Crystals of chlororaphine form 
in the central part of the culture. 

Potato: Citron-yellow layer. Crystals 
of chlororaphine are formed. 

Nitrates reduced to nitrites; 

Indole not formed. 

Pigment formation: Asparagine, potas¬ 
sium phosphate, glycerol, sulfate of mag¬ 
nesium and sulfate of iron are indispensa¬ 
ble to the formation of crystals of 
chlororaphine. 

Aerobic, facultative. Optimum tem¬ 
perature 25® to 30®C. 

Pathogenic for laboratory animals. 
Exotoxin formed. 

Habitat: Water. 

13. Pseudomonas myzogenes Fuhr¬ 
mann. (Cent. f. Bakt., II Abt., 17, 
1907, 356.) From Greek, myza, mucus; 
gennao, to beget; M. L. slime producing. 

Rods: 0.4 to 0.5 by 1.0 to 1.5 microns, 
occurring singly and in pairs. Motile, 
possessing a bundle of five to seven polar 
flagella. Gram-negative. 
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Gelatin colonies: Smooth, soft, flat, 
spreading, entire, yellowish-green. 

Gelatin stab: Growth along stab. 
Liquefaction with yellowish-white sedi¬ 
ment. 

Agar colonics: Circular, raised, smooth, 
amorphous, entire. 

Agar slant: Yellowish-white, moist, 
glistening, becoming light green-fluores¬ 
cent. 

Broth: Turbid, with yellowish-white 
sediment. 

Litmus milk: Flocculcnt precipitation. 
Slow peptonization with yellow serum. 
Alkaline. 

Potato: Dirty yellow to olive, moist, 
glistening, entire. 

Indole is formed. 

Nitrates reduced to nitrites and am¬ 
monia. No gas formed. 

Aerobic, facultative. 

Optimum temperature 22°C. 

Source: Isolated from beer. 

14. Pseudomonas septica Bergey et al. 
{Bacillus fluorescens septicus Stutzer 
and Wsorow, Cent. f. Bakt., II Abt., 71, 
1927, 113; Bergey et al., Manual, 3rd ed., 
1930,169.) From Greek, septikos, putre¬ 
factive, septic. 

Rods: 0.6 to 0.8 by 0.8 to 2.0 microns, 
occurring singly. Motile with a polar 
flagellum. Gram-negative. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonies: Circular with opalescent 
center and transparent periphery. 

Agar slant: Moderate, undulate margin. 

Broth: Turbid with fragile pellicle, 
greenish in upper portion. 

Litmus milk: Alkaline, coagulated. 

Blood serum not liquefied. 

Acid from glucose. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Habitat: Disease of caterpillars. 

15. Pseudomonas boreopolls Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 74.) From 


Greek, boreas, the North wind; polis, 
city; M. L. North City. 

Rods: 0.5 to 1.0 by 2.0 to 3.0 microns, 
occurring singly and in pairs. Motile 
with one to five polar flagella. Gram¬ 
negative. 

Gelatin colonies: Liquefied. 

Gelatin stab: Liquefied. Medium red¬ 
dened. 

Agar colonies: Circular or amoeboid, 
white to buff, flat to convex, smooth, 
glistening, translucent border. 

Agar slant: Filiform, w’hitish, raised, 
smooth, glistening, fluorescent. 

Broth: Turbid. 

Nitrates reduced to nitrites. 

Starch not hydrolyzed. 

Acid produced from glucose. 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Habitat: Soil. 

16. Pseudomonas smaragdlna Migula. 
(Bacillus smaragdinus foetidus Rei¬ 
man, Inaug. Dissertation, Wiirzburg. 
1887; Migula, Syst. d. Bakt., 5,1900, 890.) 
From Greek, smaragdinas, green like the 
smaragdus, the emerald. 



motile. Gram-negative. 

Gelatin colonies: Small, convex, irregu¬ 
lar, whitish with greenish shimmer. 

Gelatin stab: Slight surface growth. 
Infundibuliform liquefaction. The 
liquefied medium becomes light emeralfl 
green in color. 

Agar colonies: Small, brownish-yellow, 
convex. 

Agar slant: Abundant growth with 
greenish fluorescence. 

Broth: Turbid. 

Litmus milk: Not coagulated. 

Potato: Dark brown, becoming choco¬ 
late brown. 

Indole not formed. 

Nitrates not reduced. 

The cultures give off an odor resembling 
jasmine. 

Aerobic, facultative. 
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Optimum temperature 37®C. 
Subcutaneous and intravenous inocula¬ 
tions into rabbits cause death in 36 to 48 
hours. 

Source: Isolated from nasal secretions 
in ozena. 

17. Pseudomonas chlorlna (Frankland 
and Frankland) Levine and Soppeland. 
(Bacillus chlorinus G. and P. Frankland, 
Philos. Trans. Roy. Soc. London, 178, 
1887, 274; Bacterium chlorinujn Migula, 
Syst. d. Bakt., 2, 1900, 471; Levine and 
Soppeland, Bui. No. 77, Iowa State Agri¬ 
cultural College, 1926.) From Greek, 
ckloros, greenish yellow. 

Rods: 0.5by l.Smicron,occurring singly 
and in short chains. Non-motile. Gram¬ 
negative. 

Gelatin stab: Crateriform liquefaction 
with green fluorescence. Lemon yellow 
sediment. 

Agar colonies: Circular, raised, smooth, 
amorphous, entire, becoming greenish 
yellow. 

Agar slant: Slightly raised, glistening, 
the medium becoming light greenish 
yellow. 

Broth: Moderate turbidity. Dirty 
yellow sediment. No pellicle. 

Litmus milk: Peptonized. Litmus re¬ 
duced. 

Potato: Scant, olive green growth. 
Indole formed. 

Nitrites produced from nitrates. 

Starch hydrolyzed. 

Blood serum liquefied in 5 days. 

Acid from glucose. 

Aerobic, facultative. 

Optimum temperature 22®C. 

Source: Air. 

18. Pseudomonas oleovorans Lee and 
Chandler. (Jour. Bact., 41i 1941, 378.) 
From M. L. oil destroying. 

Short rods: 0.5 by 0.8 to 1.5 microns, 
occurring singly and in pairs. Motile. 

Gram-negative. 

Gelatin stab: No liquefaction after 6 

weeks. 


Gelatin colonics: Up to 1 mni. in diam¬ 
eter, fluorescent; similar to agar colonies. 

Surface agar colonies: After 24 hours 
1 to 2 mm. in diameter, smooth, convex, 
shiny, opaque, creamy, fluorescent by 
transmitted light. Edge entire in young 
colonies. 

Deep agar colonies: 0.5 by 1.0 to 1.5 
mm., lens-shaped, buff-colored, not flu¬ 
orescent. 

Agar slant: Growth raised, smooth, 
fluorescent, edge erose. 

Broth: After 24 hours moderate turbid¬ 
ity with slight yellowish viscid sediment. 
No pellicle or ring. 

Litmus milk: No change. 

Indole not formed. 

Potato: Good growth. 

Nitrites are produced from nitrates. 
Starch is hydrolyzed. 

No acid from glucose, lactose, sucrose, 
galactose, xylose, mannitol, salicin and 
glycerol. 

Equally good growth at 25® and 37®C. 
Aerobic. 

Distinctive character: The fluorescent 
quality of the colonies is not imparted to 
any of the artificial media used. 

Source: Isolated from cutting com¬ 
pound (oil-water emulsion) circulating 
in a machine shop. The oil in this 
compound may be utilized as a sole source 
of energy. 

Habitat: Probably oil-soaked soils. 
Abundant in cutting compounds. 

19. Pseudomonas incognita Chester. 
(Bacillus Jluorescens incognitus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 436; 
Chester, Determinative Bacteriology, 
1901, 323.) From Latin, in, not; cogilo, 
to think; M. L. unknown. 

Short rods, with rounded ends, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile, possessing a polar flagellum. Gram¬ 
negative. 

Gelatin colonies: Thin, transparent, 
slightly granular, becoming greenish. 
Margin undulate. The medium assumes 
a blue-green fluorescence. 
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Gelatin stab: No liquefaction. 

Agar slant: Thin, moist, translucent, 
becoming greenish. 

Broth: Turbid, with pellicle, becoming 
greenish. 

Litmus milk: Slightly acid in a month. 
The litmus is slowly reduced. 

Potato: Moist, glistening, spreading, 
brown. 

Indole is formed (trace). 

Nitrites are produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 35®C. 

Habitat: Water. 

20. Pseudomonas conveza Chester. 
{Bacillus Jluorescens convexus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 438; 
Chester, Determinative Bacteriology, 
1901, 325.) From Latin, convexus, con¬ 
vex, arched. 

Short, thick rods, with rounded ends. 
Motile, possessing a polar flagellum. 
Gram-negative. 

Gelatin colonies: Circular, convex, 
glistening, bright greenish, translucent. 
The medium becomes blue-green, flu¬ 
orescent. 

Gelatin stab: Light green, raised, 
glistening surface growth. No liquefac¬ 
tion. 

Agar slant: Moist, translucent, glisten¬ 
ing, light greenish. The medium as¬ 
sumes a greenish color. 

Broth: Turbid, becoming greenish. 
Litmus milk; No coagulation; alkaline. 
Potato: Pale brown, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Water. 

21, Pseudomonas mlldenbergU Ber- 
gey et al. (Der blaue bacillus, Milden- 
berg, Cent. f. Bakt., II Abt., S6, 1922, 
309; Pseudomonas cyanogena Bergey et 
al., Manual, let ed., 1923,129; not Bacil¬ 
lus cyanogenes Fltigge, Die Mikroorgan- 


ismen, 1886,201; not Pseudomonas cyano- 
genes Hammer, Dairy Baot., 1928, 70; 
Bergey et al.. Manual, 3rd ed., 1930, 
172.) Named for Mildenberg who first 
isolated this species. 

Rods: 0.3 to 0.5 by 1.0 to 3.5 microns, 
with rounded ends, occurring singly. 
Motile, possessing polar flagella. Gram¬ 
negative. 

Gelatin colonies: Circular, lobed, 
smooth, glistening, slightly raised, steel- 
blue, entire. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, circular, yellow¬ 
ish or reddish-yellow, entire, becoming 
lobed, grayish-green, iridescent. The 
medium becomes dirty grayish-green. 

Agar slant: Smooth, spreading, slimy, 
glistening, grayish-green to dark green, 
fluorescent. 

Broth: Turbid green, iridescent to 
opalescent with slimy sediment. 

Litmus milk: Not coagulated, blue 
ring. 

Potato: Slimy, glistening, spreading, 
steel blue. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Source: Isolated from air. 

2. Pseudomonas putida (Trevisan) 
Migula. {Bacillus fiuorescens putidus 
Flugge, Die Mikroorganismen, 2 Aufl., 
1886, 288; Bacillus putidus Trevisan, 
I gen. e le specie d. Batteriacee, 1889,18; 
Migula, in Engler and Prantl, Die na- 
tur. Pflanzenfam., 1, la, 1895, 29; Ba~ 
cillus fiuorescens puiridus (sic) Kruse, 
in Flugge, Die Mikroorganismen, f, 
1896, 292; Bacterium putidum Lehmarn 
and Neumann, Bakt. Diag., 1 Aufl., 
1896, 271; Pseudomonas putrida (sic) 
Migula, Syst. d. Bakt., 2, 1900, 912.) 
It is not clear which spelling should be 
used. Either is correct. From Latin 
putida or putrida, rotten, stinking. 

Rods, with rounded ends. Motile, 
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possessing polar flagella. Gram-negative. 

Gelatin colonies: Small, finely granular, 
fluorescent with dark center, surrounded 
by a yellow zone, with pale gray margin. 

Gelatin stab: Dirty-white surface 
growth, becoming greenish, fluorescent. 
No liquefaction. 

Agar colonies: Circular, raised, smooth, 
amorphous, entire, with fluorescent zone 
around the periphery. 

Agar slant: Yellowish-green layer, be¬ 
coming fluorescent. 

Broth: Turbid, fluorescent. 

Litmus milk: Unchanged. 

Potato: Thin, gray to brownish, slimy 
layer. 

Cultures give off odor of trimethyl- 
amine. 

Indole not formed. 

Nitrites are produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 25°C. Will grow 
at 37®C. (Reid et al., Penn. Agr. Exp. 
Sta., Bull. 422, 1942, 9). 

Distinctive features; Identical with 
Pseudomonas JluoTCScens Migula accord¬ 
ing to Lehmann and Neumann {loc. cU.) 
except that it does not liquefy gelatin. 
See Pseudomonas eisenbergii Migula. 
Habitat; Putrefying materials; water. 

23. Pseudomonas scissa (Frankland 
and Frankland) Migula. {Bacillus scis- 
(itt« G. and P. Frankland, Ztschr. f. Hyg., 
e, 1889, 398; Migula, Syst. d. Bakt., 2, 
1900, 927.) From Latin, sctssus, p.p. of 
scindo, to cut. 

Rods: 0.5 by 0.5 to 1.0 micron, with 
rounded ends, occurring singly, in pairs 
and in chains; on gelatin, coccus-like. 
Motile with presumably polar flagella. 
Gram-negative. 

Gelatin colonies: Small, greenish. 
Gelatin stab: Thin, smooth, glistening 
surface growth, irregular, serrate margin. 
No liquefaction. The medium becomes 
light green in color. 

Agar slant: Smooth, glistening, lobed. 
The medium assumes a greenish color. 
Broth: Turbid, with whitish sediment. 


Litmus milk: Not coagulated. 

Potato; Glistening, reddish-brown 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 20®C. 

Distinctive characters; Resembles 
Pseudomonas viscosa Migula. 

Source: Found in water and soils in 
Kent, England. 

Halaitat: Water and soil. 

24. Pseudomonas ovalls Chester. 
{Bacillus fiuorescens ovalis Ravencl, 
Memoirs Nat. Acad. Sci., 8, 1896, 9; 
Chester, Determinative Bacteriology, 
1901, 325; not Bacillus ovalis Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 435.) 
From ovum, egg; M. L. oval. 

Rods: 0.3 to 0.7 by 0.7 to 1.3 microns, 
occurring singly. Motile, possessing a 
single polar flagellum. Gram-negative. 

Gelatin colonies: Irregular, lobate, 
slightly granular. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, opaque, entire, 

greenish fluorescence. 

Agar slant: Thick, white, becoming 

greenish, fluorescent. 

Broth: Turbid, with pellicle. 

Litmus milk: No coagulation; alkaline. 
Potato: Luxuriant, dirty-brown. 

Indole not formed. 

Nitrites not produced from nitrates. 
Starch not hydrolyzed. 

Blood serum not liquefied. 

Acid from glucose. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Soil. Has been found in in¬ 
testinal canal. 

25. Pseudomonas striata Chester. 
{Bacillus striatus viridis Ravenel, 
Memoirs Nat. Acad. Sci., 8, 1896, 22; 
Chester, Determinative Bacteriology, 
1901, 325.) From Latin, stria, streak, 
groove. 

Slender rods, of variable lengths, stain- 
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ing irregularly, occurring singly and in 
pairs. Motile, possessing polar flagella. 
Gram-nopativc. 

Gelatin colonics; Circular, yellowish, 
with filamentous border. 

Gelatin stab: Raised, white surface 
growth. No liquefaction. 

Agar slant: Thin, yellowish-green, 
smooth, glistening. 

Broth: Turbid, becoming slightly 
greenish. 

Litmus milk: No coagulation; becom¬ 
ing alkaline; litmus reduced. 

Potato: Moist, glistening, becoming 
chocolate-brown. 

Indole is formed. 

Nitrites are produced from nitrates. 

Aerobic. 

0|)timum temperature 25®C. 

Habitat: Soil. 

26. Pseudomonas denitrifleans Ber- 

gey et al. {Bacillus denitriftcaris Jluo- 
rescens Christensen, Cent. f. Bakt., II 
Abt., 11, 1903,190; Bergcy et al., Manual, 
1st cd., 1923, 131.) From Latin, dc, 
from, out of; nilrum, soda, nitre; M. L. 
denitrifying. 

Rods: 0.5 to 0.7 by 0.5 to 1.25 microns, 
occurring singly and in pairs in large, 
slimy masses. Motile. Gram-negative. 

Gelatin colonies: Small, circular, con¬ 
toured, raised, moist, pearly-gray, glis¬ 
tening. 

Gelatin stab: Whitish, lobed surface 
growth. Yellowish-green growth in stab. 
No liquefaction. 

Agar colonies: Pearly white, circular, 
entire. 

Agar slant: Broad, whitish, contoured, 
moist, entire. 

Broth: Turbid, with thick, wrinkled 
pellicle. 

Litmus milk: Not coagulated. 

Potato: Reddish-gray layer. 

Indole not formed. 

Nitrates reduced with production of 
nitrogen. 

Aerobic, facultative. 

Optimum temperature 25®C, 

Habitat: Soil. 


27. Pseudomonas solaniolens Paine. 
(Kept. Int. Conf. Phytopath, and Econ. 
Ent. Holland, 1923, 77; Phtjlomonas so¬ 
laniolens Bergcy et al.. Manual, 3rd ed., 
1930, 274.) From .M. L. Solanurn, a 
generic name. 

Small oval rods: Motile with a polar 
flagellum. Gram-negative. 

Produces an iridescence in gelatin. 

Gelatin: No liquefaction. 

Gelatin colonies: Round. Iridescence 
in medium. 

-•\gar colonies: Pale buff. 

Litmus milk: Curd, with no sign of 
digestion. 

Potato: Pale buff-colored growth, no 
change in medium. 

Nitrites not produced from nitrates. 

Acid but not gas from glucose. No 
acid or gas from lactose, sucrose, manni¬ 
tol or glycerol. 

Starch: Action feeble. 

Optimum temperature 20® to 30®C. 

Aerobic, facultative. 

Source: Isolated from potato showing 
internal rust spots. 

2S. Pseudomonas eisenbergii Migula. 
{Bacillus fiuorescens non liquefaciens 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
145; Bacillus Jluorescens immobiUs Kruse, 
in Flugge, Die Mikroorganismen, 2, 1896, 
294; Migula, Syst. d. Bakt., 2, 1900, 913; 
Bacterium immobile Chester, Man. De¬ 
term. Bact., 1901,180; Pseudomonas non- 
liquefaciens Bcrgey et al.. Manual, 1st 
ed., 1923, 132.) Named for Eisenberg, 
the bacteriologist who first reported this 
species. 

Short, slender rods, with rounded ends, 
occurring singly. Non-motile. ICruse 
{loc. cit., p. 293) lists the motile form of 
this organism as Bacillus Jluorescens non 
liquefaciens. Gram-negative. 

Gelatin colonies: Fern-like surface 
colonies. Medium around colonies has a 
pearly luster. 

Gelatin stab: Surface growth has fluo¬ 
rescent shimmer. No liquefaction. 

Agar slant: Greenish layer. 

Broth: Turbid, fluorescent. 
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Litmus milk: Unchanged. 

Potato: Diffuse, brownish layer. Me¬ 
dium acquires a grayish-blue color. 

Indole is not formed. 

Nitrites produced from nitrates. 

Acid from glucose. 

Blood serum liquefied. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Not pathogenic. 

Habitat: Water. 

29. Pseudomonas putrefaciens (Derby 
and Hammer) Long and Hammer. 
{AchromohacUr putrefaciens Derby and 
Hammer, Iowa Agr. Exp. Sta. Res. Bui. 
145, 1931, 401; Ix)ng and Hammer, Jour. 
Bact., 1941, 100.) From Latin, 
pulrida, rotten, stinking; faciens, mak¬ 
ing. 

Rods: 0.5 to 1.0 by 1.1 to 4.0 microns, 
occurring singly and in pairs. Motile, 
with a single flagellum. Gram-negative. 

Gelatin stab: Rapid, saccate to strati¬ 
form liquefaction, with reddish-brown 
sediment in the liquefied portion. 

Agar colony: Circular, smooth, glisten¬ 
ing, slightly raised, somewhat trans¬ 
parent, with brownish tinge. 

Agar slant: Echinulatc, slightly red¬ 
dish-brown, viscous. 

Broth: Turbid, with thin, gray pellicle, 
and reddish-brown sediment. 

Litmus milk: Rapid reduction and 
proteolysis wdth odor of putrefaction. 

Potato: Echinulatc, smooth,glistening, 
viscous, reddish-brown. 

Indole not produced. 

Nitrites arc produced from nitrates. 

Acid from maltose and sucrose. No 
action on glucose, fructose, galactose, 
arabinose, lactose, raffinose, dextrin, 
inulin, salicin, amygdalin, glycerol. 

Ammonia is formed. 

Aerobic, facultative. 

Optimum temperature 21®C. 

Source: Isolated from tainted butter. 

Habitat: Milk, cream, butter, water, 
soil, creamery equipment (Long and 
Hammer, loc. cii.] Claydon and Hammer, 


Iowa Agr. Exp. Sta., Res. Bull. 207, 
1939.) 

30. Pseudomonas mephitica Claydon 
and Hammer. (Jour. Bact., 37, 1939, 234.) 
From Latin, ynephilis, pcslilential, malo¬ 
dorous; M.L. Mephitis, a generic name. 

Rods: 0.5 to 1.0 by 1.5 to 14.0 microns, 
occurring singly, in pairs and in chains. 
Actively motile with a polar flagellum. 
Gram-negative. 

Gelatin: Slow liquefaction. 

Agar colonics: Convex, circular, about 
3 mm. in diameter, shiny, grayish white, 
edge entire, of the consistency of bread 
dough. 

Agar slant: Growth grayish-white, 
wrinkled, echinulatc. .\ftcr 1 or 2 davs, 
a skunk-like odor develops. 

Broth: Turbid. Sediment. White 

pellicle. 

Potato: Growth echinulatc, shiny, 
brownish. 

Litmus milk: A skunk-like odor devel¬ 
ops in 1 to 2 days. Grayish blue surface 
ring in about 3 days. Alkaline in 7 to 10 
days. In two weeks complete reduction. 
Slight proteolysis and viscosity. 

Hydrogen sulfide not produced. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid but not gas produced slowly from 
glucose, fructose, maltose, and sucrose. 
No acid from arabinose, dextrin, galac¬ 
tose, glycerol, lactose, mannitol, raffinose 
or salicin. 

Aerobic, facultative. 

Optimum temperature 21®C. Growth 
slight at 5® and 30®C. No growth at 37®C. 

Source: Several cultures isolated from 
butter having a skunk-like odor. 

Habitat: Probably from water. 

31. Pseudomonas genlculata (Wright) 
Chester. {Bacillus geniculatus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 459; 
Chester, Man. Determ. Bact., 1901, 313; 
Achromobacler geniculalum Bergey et al.. 
Manual, 1st cd., 1923,146.) From Latin, 



100 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


geniculaiust p.p. of geniculo, knotted, 
jointed. 

Medium-sized rods, occurring singly, 
in pairs and chains, motile, possessing 
polar flagella. Gram-negative. 

Gelatin colonies: Circular, whitish, 
translucent. Deep colonies yellowish. 

Gelatin stab: Infundibuliforra liquefac¬ 
tion. Sediment light pink. 

Agar slant: Grayish, glistening, trans¬ 
lucent, limited, becoming brownish-gray. 

Broth: Turbid, with slight gray pellicle 
and sediment. 

Litmus milk: Alkaline; reduction of 
litmus; slight coagulation. 

Potato: Thin, brownish, moist, glis¬ 
tening, viscid. 

Indole not formed. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 20® to 25®C. 
Habitat: Water. 

32. Pseudomonas fragl (Eichholz) 
Huss emend. Hussong, Long and Hammer. 
{Baclerium fragi Eichholz, Cent. f. 
Bakt., II Abt., 9, 1902, 425; Huss, Cent, 
f. Bakt., 11 Abt., 19, 1907, 661; Hussong, 
Long and Hammer, Iowa Agr. Exp. Sta. 
Res. Bull. 225, 1937, 122; also see Long 
and Hammer, Jour. Dairy Sci., £0, 1937, 
448.) From Latin/ra{ 7 wm, strawberry. 

Description from Hussong, Long and 
Hammer, loc. cit. 

Hods: 0.5 to 1.0 by 0.75 to 4.0 microns, 
occurring singly, in pairs and in chains. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: Crateriform to stratiform 
liquefaction in 3 to 4 days. 

Agar colonies: Convex, glistening, gen¬ 
erally butyrous, occasionally viscid. 
Rough, smooth and intermediate forms 
are recognized in the description quoted. 
The rough forms are less proteolytic, and 
less active in the hydrolysis of fats. 

Agar slant: Growth abundant, spread¬ 
ing, raised, white, shiny, generally 
butyrous. Sweet ester-like odor resem¬ 
bling that of the flower of the May apple. 

Broth: Turbidity and sediment with a 
thin pellicle. 


Litmus milk: Acid ring followed by 
acid coagulum at surface. Complete 
coagulation in 2 to 3 weeks, some diges¬ 
tion. Characteristic May apple or straw- 
berr}’ odor. 

Potato: Growth echinulate to arbores¬ 
cent, raised, glistening, white, becoming 
brownish. 

Indole not produced. 

Nitrites not produced from nitrates. 

Ammonia produced from peptone. 

Hydrogen sulfide not produced. 

Acid from glucose and galactose, 
sometimes arabinose. No acid from 
glycerol, inulin, lactose, fructose, mal¬ 
tose, mannitol, raflinoso, salicin and 
sucrose. 

No acetylmethylcarbinol produced. 

Fat is generally hydrolyzed. 

Aerobic. 

Grows from 10® to 30®C. No growth at 
37®C. Very sensitive to heat. 

Source: Isolated from milk and other 
dairy products, dairy utensils, water, etc. 

Habitat: Soil and water. Widely dis¬ 
tributed (Morrison and Hammer, Jour. 
Dairy Sci., 24, 1941, 9). 

Hussong (Thesis, Iowa State College, 
1932) regards Bacterium fragi Eichholz 
{loc. cit.) as the R type, Pseudomonas 
fragariae I Gruber (Cent. f. Bakt., H 
Abt., 9, 1902, 705) as the O form, and 
Pseudomonas/rajanac II Gruber (Cent, 
f. Bakt., H Abt., 14, 1905, 122) as the S 
form of the same organism. He makes no 
mention of Pseudomonas fragaroidea 
Huss {loc. cit.) which from its description 
would belong to the smooth type. A 
brief characterization of each of these 
organisms follows; (1) Bacterium fragi 
came from milk as drawn from an indi¬ 
vidual cow; it does not liquefy gelatin, 
exhibits no fluorescence, is strongly alka¬ 
line in litmus milk, and does not grow 
at 37 C, (2) Pseudomonas fragariae I 
came from fodder beets; it does not 
liquefy gelatin, has weak blue-greenish 
fluorescence, is weakly alkaline in milk, 
and grows at 37®C, (3) Pseudomonas 
fragariae II came from pasteurized milk; 
it liquefies gelatin, coagulates milk, and 
does not grow at STC, (4) Pseudomonas 
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fragaroidea came from butter; it liquefies 
gelatin, coagulates milk, and grows at 
37**C. 

*33. Pseudomonas nebulosa (\Vright) 
Chester. {Bacillus nehulcsus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 465; 
Chester, Man. Determ. Bact., 1901, 311; 
Achromobacier nehulosuin Bergey et al., 
Manual, 1st ed., 1923, 145; not Bacillus 
nebulosus Halid, Thdse de Paris, 1898; 
not Bacillus nebulosus Vincent, Ann. 
Inst. Past., 1907, 69; not Bacillus 
nebulosits Migula, Syst. d. Bakt., 2, 
1900, 844; not Bacillus nebulosus Gores- 
line, Jour. Bact., 27, 1934, 52.) From 
Latin, nebula, mist. 

Medium-sized rods, occurring singly. 
Motile, possessing polar fiagella. Gram¬ 
negative. 

Gelatin colonies: Thin, circular, gray, 
translucent, hazy, with white center. 

Gelatin stab: Crateriform liquefaction. 

Agar slant: Thin, transparent streak. 

Broth: Turbid, with gray sediment. 

Litmus milk: Alkaline; reduction of 
litmus. 

Potato: Scanty growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Sugar gelatin in deep stab: Fair growth, 
with some gas formation. 

Aerobic, facultative. 

Optimum temperature 30** to 35^0. 

Habitat: Water. 

Probable synonym: Pseudomonas cen- 
trifugans Chester. (Man. Determ. 
Bact., 1901, 312; Bacillus centrifugans 
Wright, Mem. Nat. Acad. Sci., 7, 1895, 
462.) 

34. Pseudomonas coadunata (Wright) 
Chester. {Bacillus coadunatus Wright, 
Memoirs Nat. Acad. Sci., 7, 1896, 460 
Chester, Man. Determ. Bact., 1901, 310 
Achromobacier coadunaium Bergey et al. 
Manual, 1923,147.) 1st ed.. From Latin, 
coadunatus, to unite closely. 


Medium-sized rods, with rounded 
ends, occurring singly, in pairs and in 
chains. Motile, possessing a polar flagel- 
1 um. Gram-negati ve. 

Gelatin colonies: Circular, brownish, 
dense. 

Gelatin stab: Crateriform to stratiform 
liquefaction. 

Agar slant: Gray, translucent, 
spreading. 

Broth: Turbid, with gray pellicle and 
sediment. The medium has a slight 
greenish tint. 

Litmus milk: Acid; coagulated. 

Indole is formed. 

Nitrites not produced from nitrates. 

Sugar gelatin in deep stab; Good growth 
of discreet and confluent whitish colonics. 
Marked gas production; no liquefaction. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Habitat: Water. 

35. Pseudomonas multlstriata (Wright) 
Chester. {Bacillus multislriaius Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 462; 
Chester, Man. Determ. Bact., 1901, 310; 
Achromobacier multislriatum Bergey et 
al., Manual, 1st ed., 1923, 147.) From 
Latin, mullus, many, much; slriatus, 
grooved. 

Medium-sized rods, with rounded ends, 
occurring singly and in pairs. Motile, 
possessing polar flagella. Gram-negative. 

Gelatin colonies: Circular, grayish- 
white, translucent. 

Gelatin stab: Crateriform liquefaction. 

Agar slant: Narrow, translucent, gray¬ 
ish streak. 

Broth: Turbid. 

Litmus milk: Slightly acid; coagulated. 

Potato: Grayish to creamy, tliick, glis¬ 
tening, viscid, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 

Sugar gelatin in deep stab: Vigorous 
growth with marked gas production; also 
liquefaction. 


• Prof. E. R. Hitchner, Univ. of Maine, Orono, Maine assisted in rearranging the 
descriptions of the acid and gas producing pseudomonads (Aeromonos), April, 1943. 
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Aerobic, facultative. 

Optimum temperature 20° to 25°C. 
Habitat: Water. 

36. Pseudomonas punctata (Ziminer- 
mann) Chester. (Bocillus punclatua 
Zimmermann, Bakt. unserer Trink- uiui 
Nutzwasser, Chemnitz, 1, 1890, 3S; 

Bacillus aqualilis communis Kruse, in 
Flligge, Die Mikroorganismen, 2, 1896, 
315; Bacterium punctatum Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 
238; Chester, Man. Determ. Bact., 1901, 
313; Ac/iromo6acter punctatum Bergey et 
al., Manual, 1st ed., 1923, 147.) From 
I.atin, punctus, a puncture, point; M. L. 
punctate, dotted. 

Rods: 0.7 by 1.0 to 1.5 micron, occurring 
singly, in pairs and in chains. Motile 
with a single polar flagellum. Gram¬ 
negative. 

Gelatin colonies; Small, circular, gray, 
erose to filamentous, pnnetiform. 

Gelatin stab; Crateriform liquefaction. 
No pellicle. 

Agar slant; Gray, smooth, filamentous. 
Broth: Turbid with delicate pellicle. 
Litmus milk: Acid; coagulated; pep¬ 
tonized. 

Potato: Brownish-yellow to brownish- 
red color. 

Indole is formed. 

Nitrites not produced from nitrates. 
Hydrogen sulfide is formed. 

Acid and gas from glucose. 

Aerobic, facultative. 

Optimum temperature 25° to 30°C. 
Source: Common in the Chemnitz 
tap water. 

Habitat: Cause of a hemorrhagic septi¬ 
cemia in carp (Cyprmus) (Schaperclaus, 
Ztschr. f. Fischerei, 28, 1930; Cent. f. 
Bakt., II Abt., 106, 1942, 49). 

37. Pseudomonas hydrophila (Ches¬ 
ter) comb. nov. {Bacillus hydrophilus 
fuscus Sanarelli, Cent. f. Bakt., 9, 1891, 
222; Bacterium hydrophilus fuscus Ches¬ 
ter, Delaware College Agr. Expt. Sta., 
9th Ann. Kept., 1897, 92; Bacillus hydro¬ 


philus Chester, Manual Dcterm. Bact., 
1901, 235; Bacterium hydrophilum Weldin 
and Levine, Bact. Abs., 7, 1923, 14; 
Proteus hydrophilus Bergey et al.. Man¬ 
ual, 1st ed., 1923, 211; Aeromonas hydro¬ 
phila Stanier. .Jour. Bact., 4^, 1943, 213.) 
From Greek, hydor, water, philus, loving; 
.M. L. water-loving. 

It was reported by Russell, Jour. Amer. 
Med. Assoc., 30, 1898, 1442 and later by 
Kmerson and Norris, Jour. E.xper. Med., 
7, 1905, 32 who made a complete study of 
its properties and its pathogenic action. 

Weldin (Iowa State College Jour. Sci., 
/, 1927, 151) considers Bacillus ranicida 
Krnst (Bcitriige z. path. Anat. u. z. 
Allgemein. Pathol., 8, 1890, 204; Bac¬ 
terium ranicida Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 141) a 
possible synonym of Proteus hydrophilus. 

Rods: 0.6 by 1.3 microns, occurring 
singly and in chains. Motile, with a 
single i)olar flagellum (Kulp and Borden, 
Jour, of Bact., 44, 1942, 673). Gram- 
negative. 

Gelatin colonies: Small, circular, gray, 
translucent, stippled. 

Gelatin stab: Napiform liquefaction. 

.\gar colonics: Whitish, raised, moist, 
stippled. 

.\gar slant: Thin, whitish, glassy, 
spreading, becoming yellowish. 

Broth: Turbid, with heavy pellicle. 

Litmus milk: Acid; coagulated; pep¬ 
tonized. 

Potato: Yellowish-brown, moist 

slightly raised. 

Indole is formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, maltose, 
sucrose and mannitol. No action on lac¬ 
tose. 

Gas ratio H2:C02 = 1:4.71. Methyl 
red negative, acetylmethylcarbinol posi¬ 
tive, indol negative, citrate positive 
(Speck and Stark, Jour. Bact., 44, 1942, 
C97). 

, Aerobic, facultative. 

Optimum temperature 37°C. 

Pathogenic for frogs, salamanders, fish. 
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mice, guinea pigs and rabbits, causing 
hemorrhagic septicemia. 

Distinctive characters: Much like 
Pseudomonas punctata {Guthrie and 
Hitchner, Jour. Bact., 45, 1913, 52). 

Source; Isolated from frogs dead of 
septicemia (red leg). 

Habitat: Water and infected fresh 
water animals. 

38. Pseudomonas ichthyosmia (Ilain- 

mer) comb. nov. {Bacillus ichlhyosmius 
Hammer, Iowa Agr. Sta. Res. Bui. 38, 
1917; Escherichia ichthyosmia Bergcy et 
al., Manual, 1st ed., 1923, 201; Proteus 
ichlhyosmius Bergcy ct al.. Manual, 4th 
ed., 1934, 364.) From Greek, ichtkys, a 
fish; osme, an odor. 

Rods: 0.6 to 0.8 by 1.0 to 2.1 microns, 
occur singly. Motile with a single polar 
flagellum (Breed). Gram-negative. 

Gelatin stab: Liquefaction. 

Agar colonies: Small, white, becoming 
darker with age. 

Agar slant: Dirty white, viscid growth. 

Broth: Turbid with gray sediment. 

Litmus milk; Acid. Litmus reduced. 
Cultures have fishy odor. 

Potato: Thin, glistening layer. 

Indole is formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, maltose, sucrose, glycerol, 
salicin and mannitol. Lactose, dulcitol, 
raffinose and inulin not fermented. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Isolated from can of evaporated 
milk having a fishy odor. 

Habitat: Not known. 

39. Pseudomonas amblgua (Wright) 
Chester. {Bacillus ambiguus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 439; 
Chester, Man. Determ. Bact., 1901, 308; 
Achromobacter ambiguum Bergey et al., 
Manual, Ist ed., 1923,148.) From Latin, 
ambiguus, doubtful, uncertain. 

Small rods, with rounded ends, occur¬ 
ring singly, in pairs and in chains. Mo¬ 


tile, possessing a polar flagellum. Gram¬ 
negative. 

Gelatin colonies: Gray, translucent, 
slightly raised, irregular, radiate, with 
transparent margin. 

Gelatin stab: No liquefaction. 

Agar slant; Gray, limited, entire. 

Broth: lurbid, with gray sediment. 

Litmus milk: Acid, slowly coagulated. 

Potato: Gray to creamy, viscid, 
sj)rcading. 

Indole is formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30° to 35°C. 

Habitat: Water. 

40. Pseudomonas sinuosa (Wright) 
Chester. {Bacillus sinuosus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 440; 
Chester, Man. Determ. Bact., 1901, 307; 
Achromobacter sinosum (sic) Bergcy et 
al., Manual, 1st ed., 1923, 148.) From 
Latin, sinuosus, full of bends, sinuous. 

Medium-sized rods, with rounded ends, 
occurring singly, in pairs and in chains. 
Motile, possessing two to four polar 
flagella. Gram-negative. 

Gelatin colonies: Thin, translucent, 
irregular, center brownish. 

Gelatin stab: Grayish-white, glisten- 
ing, translucent. No liquefaction. 

Agar slant: Scanty, grayish growth. 

Broth: Turbid, with gray sediment. 

Litmus milk: Unchanged. 

Potato: Grayish-white, moist, spread¬ 
ing. 

Indole is formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30° to 35°C. 

Habitat: Water. 

41. Pseudomonas cruciviae Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 91; Ackro- 
mobacter cruciviae Bergey et al., Manual, 
3rd ed., 1930, 218.) From Latin, crux, 
a cross, via, way, road; from Waycross, 
a place name. 
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Rods: 1.0 by 1.0 to 3.0 microns, occur¬ 
ring singly and in pairs. Motile with one 
to five polar flagella. Gram-negative. 

Gelatin colonies: Circular, white with 
buff center, convex, smooth, undulate. 
Gelatin stab: No liquefaction. 

Agar colonies: Circular or amoeboid, 
white to buff, flat to convex, smooth, 
entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, undulate. 

Broth: Turbid. 

Nitrites not produced from nitrates. 
Starch “not hydrolyzed. 

No acid m carbohydrate media. 

Attack phenol and m-cresol. 

Aerobic, facultative. 

Optimum temperature 30 to 35®C. 
Habitat: Soil. 

42. Pseudomonas rugosa OVright) 
Chester. {Bacillus rugosus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 438; 
not Bacillus rugosus Henrici, Arb. Bakt. 
Inst. Tech. Hochsch. Karlsruhe, 1, 1894, 
28; not Bacillus rugosus Chester, Deter¬ 
minative Bacteriology, 1901, 220; Ches¬ 
ter, Determinative Bacteriology, 1901, 
323.) From Latin, rugosus, wrinkled. 

Small rods, with rounded ends, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile, possessing one to four polar flagella. 
Gram-negative. 

Gelatin colonies: Grayish, translucent, 
slightly raised, irregular, sinuous, radi- 
ately erose to entire. 

Gelatin stab: Dense, grayish-green, 
limited, wrinkled, reticulate surface 
growth. No liquefaction. 

Agar slant: Grayish-white, limited, 
slightly wrinkled, translucent. 

Broth: Turbid, with grayish pellicle 
and sediment. 

Litmus milk: Acid, coagulated. 

Potato: Moist, glistening, brown. 
Indole is formed. 

Nitrites not produced from nitrates. 
Aerobic. 

Optimum temperature 30*C. 

^bitat: Water. 


43. Pseudomonas desmolytlcum Gray 
and Thornton. (Gray and Thornton, 
Cent. f. Bakt., II Abt., 7S, 1928, 90; 
Achromobacter desmohylicum Bcrgey et 
al., Manual, 3rd ed., 1930, 217.) From 
Greek desmos, bond, band; lytikos, able 
to dissolve. 

Rods: 0.7 to 0.8 by 2.0 to 3.0 microns, 
occurring singly and in pairs. Motile, 
w’ith one to five polar flagella. Gram¬ 
negative. 

Gelatin colonies: Circular, gray to 
buff, raised or umbonate. Smooth, glis¬ 
tening, entire. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular or amoeboid, 
whitish, flat or convex, smooth, translu¬ 
cent to opaque, entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, undulate. 

Broth: Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose. 

Attack phenol and naphthalene. 

Aerobic, facultative. 

Optimum temperature 25'’C. 

Habitat: Soil. 

44. Pseudomonas rathonis Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., 11 Abt., 73, 1928, 90; Achromo¬ 
bacter rathonis Bergey et al.. Manual, 
3rd ed., 1930, 216.) From M. L. of 
Ratho Park (Edinburgh). 

Small rods: 0.5 to 1.0 by 1.0 to 3.0 
microns. Motile, with polar flagella. 
Gram-negative. 

Gelatin colonies: Circular, white, 
raised, smooth, glistening, undulate. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, buff, flat, 
smooth, glistening, entire. 

Agar slant: Filiform, pale buff, convex, 
smooth, glistening, undulate. 

Broth: Turbid, with pellicle. 

Nitrites produced from nitrates. 

Starch hydrolyzed. 

Acid from glucose and glycerol. 
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Attack phenol and cresol at times, also 
naphthalene. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Manure and soil. 

45. Pseudomonas dacunhae Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 90; Achro- 
mobacler dacunhae Bergey et al.. Manual, 
3rd ed., 1930, 217.) From M. L. from 
the Island of d'Acunha. 

Hods: 0.5 to 0.8 by 1.5 to 3.0 microns. 
Motile with one to six polar flagella. 
Gram-negative. 

Gelatin colonies: Circular, whitish, 
raised, smooth, glistening, undulate. 
Gelatin stab: No liquefaction. 

Agar colonies: Circular to amoeboid, 
white, flat, glistening, opaque, entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, glistening, undulate. 

Broth: Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

No acid from carbohydrate media. 
Attack phenol. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Soil. 

46. Pseudomonas arvllla Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 90; Ackromo- 
bacler arvillum Bergey et al.. Manual, 
3rd ed., 1930, 217.) From Latin, arvum, 
an arable field; M. L. dim. a little field. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns. 
Motile with one to five polar flagella. 
Gram-negative. 

Gelatin colonies: Circular, whitish, 
convex, smooth, glistening, lobate. 
Gelatin stab: No liquefaction. 

Agar colonies: Circular or amoeboid, 
white to buff, flat to convex, smooth, 
glistening, opaque, entire. 

Agar slant; Filiform, whitish, concave, 
smooth, ringed, entire. 

Broth: Turbid. 

Nitrites not produced from nitrates. 


Starch not hydrolyzed. 

.\cid from glucose. 

.Attacks naphthalene. 

.Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Soil. 

47. Pseudomonas saloplum Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 91; Achromo- 
bacler salopium Bergey et al., Manual, 
3rd ed., 1930, 219.) From Latin, Salop, 
Shropshire. 

Rods: 0.7 to 1.0 by 1.0 to 3.0 microns, 
occurring singly and in pairs. Motile 
with one to six polar flagella. Gram¬ 
negative. 

Gelatin colonies: Circular, grayish- 
buff, flat, rugose or ringed, translucent 
border. 

Gelatin stab: No liquefaction. 

.Agar colonies: Circular or amoeboid, 
white to buff, flat to convex, smooth, 
glistening, translucent border, entire. 

Agar slant: Filiform, whitish, raised, 
smooth, glistening, lobate. 

Broth: Turbid with pellicle. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose and sucrose. 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Soil. 

48. Pseudomonas minuscula McBeth. 
(McBeth, Soil Science, I, 1916, 437; 
Cellulomonas minuscula Bergey et al., 
Manual, Ist ed., 1923, 162.) From Latin 
dim. rather small. 

Rods: 0.5 by 0.9 micron. Motile with 
one to tw'o polar flagella. Gram-negative. 

Gelatin stab: Moderate growth. Slight 
napiform liquefaction. 

Agar colonies: Small, circular, slightly 
convex, butyrous becoming brittle, gray¬ 
ish-white, finely granular, entire. 

Agar slant: Moderate, flat, grayish- 
white. 

Broth: Turbid. 
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Litmus milk: Acid, not digested. 

Potato: No apparent growth. 

Indole is formed. 

Nitrites produced from nitrates. 

.Ammonia is produced. 

Acid from glucose, lactose, maltose, 
sucrose and starch. 

Aerobic, facultative. 

Optimum temperature 20^C. 

Habitat: Soil. 

49. Pseudomonas tralucida Kellerman 
et al. (Kellerman, AIcBeth Scales and 
Smith, Cent. f. Bakt., II Abt., 39, 1913, 
37; Cellulomonas tralucida Bergcy ct al.. 
Manual 1st ed., 1923, 163.) From Latin, 
clear, transparent. 

Rods: 0.6 by 1.2 microns. Motile with 
one or two polar flagella. Gram-negative. 

Gelatin stab: No liquefaction. 

Agar slant: Scant, grayish growth. 

Broth: Turbid. 

Litmus milk: Acid. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20“C. 

Habitat: Soil. 

60. Pseudomonas miraMcBeth. (Mc- 

Beth, Soil Science, 1, 1916, 437; Cellu¬ 
lomonas mira Bergey et al., Manual, 1st 
ed., 1923,165.) From Latin, miVus, won¬ 
derful, extraordinary. 

Rods: 0.4 by 1.6 microns. Motile with 
a single polar flagellum. Gram-negative. 

Gelatin stab: Good growth. No lique¬ 
faction. 

Agar colonies: Circular, convex, gray¬ 
ish-white, granular, lacerate. 

Agar slant: Moderate, flat, grayish- 
white, somewhat iridescent. 

Broth: Turbid. 

Litmus milk: Alkaline. 

Potato: Moderate, grayish-white. 

Indole not formed. 


Nitrites produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glj’cerol and mannitol. 

.Aerobic, facultative. 

Optimum temperature 20^C. 

Habitat: Soil. 

51. Pseudomonas lindneri Kluyver 
and Hoppenbrouwers. (Lindner, 50 Ju- 
bilaumsbcr. Westpreuss. Bot.-Zool. 
Vereins, 1928, 253; Tcrmobacterium mo- 
bile Lindner, Atlas d. Mikrosk. Grundl. 
d. Giirungsk., 3 Aufl., 2, 1928, Taf. 68; 
Kluyver and Hoppenbrouwers, Arch. f. 
Mikrobiol., 2, 1931, 259; Achromobacter 
ynobile Kluyver and Hoppenbrouwers, 
ibid., 258; not Pseudomonas mobilis 
Migula, Syst. d. Bakt., 2, 1900, 923.) 
Named for Lindner, the German bacteri¬ 
ologist who first studied this organism. 

Short rods 1.4 to 2.0 by 4.0 to 5.0 mi¬ 
crons. Occurring singly, in pairs and 
short chains. Motile with a single polar 
flagellum. Gram-negative. 

Peptone gelatin: Poor growth. 

Peptone agar: Poor growth. 

Wort agar: White, round, raised colo¬ 
nics, 1 mm. in diameter. Good growth. 
Still better where 2 per cent sucrose, or 
yeast extract with sucrose is added. 
Chalk added to neutralize acid. 

Broth: Poor growth in peptone or yeast 
extract broth unless sugars are added. 

Carbon dioxide, ethyl alcohol and some 
lactic acid produced from glucose and 
fructose, but not from mannose. May 
or may not ferment sucrose. May pro¬ 
duce as much as 10 per cent alcohol. 

Catalase produced. 

Anaerobic, facultative. 

Optimum temperature 30®C. 

Distinctive character: The fermenta¬ 
tion resembles the alcoholic fermentation 
produced by yeasts. 

Source: Isolated from the fermenting 
sap (pulque) of Agave amertcana in 
Mexico. 

Habitat: Fermenting plant juices in 
tropical countries (Nlexico). 
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52. Pseudomonas membranoformis 
(Zobell and Allen) Zobell. (.Ic/iromo- 
bacter membranoformis Zobell and Allen, 
Jour. Bact., 29, 1935, 246; Zobell, Jour. 
Bact., 4^, 1943, 45). From Batin mcm- 
brana, membrane, and/orwn having the 
form of. 

Rods: 0.9 to 1.2 by 3.5 to 4.8 microns, 
occurring singly and in pairs. Motile 
with lophotrichous flagella. Encapsu¬ 
lated. Gram-negative. 

Gelatin stab: Growth filiform, best at 
top, with slow’ cratcriform liquefaction. 

Agar colonies: Circular, 1.0 to 2.5 mm, 
with crinkled surface. 

Agar slant: Moderate, beaded, raised 
growth. Membranous consistency. Be¬ 
comes browned with age. 

Broth: Slight turbidity, flocculent sedi¬ 
ment, film of growth on walls of test tube. 

Milk: No growth. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No H 2 S produced. 

Acid but not gas from glucose, sucrose, 
dextrin and mannitol. No acid from 
lactose or xylose. 

No diastatic action. 

Optimum temperature 20® to 25®C. 

Aerobic. 

Source: Sea water. 

Habitat: Sea water. 

53. Pseudomonas marinoglutinosa 
(Zobell and Allen) Zobell. {Achromo- 
bacter marinoglutinosus Zobell and .Allen, 
Jour. Bact., 29, 1935, 246; Zobell, Jour. 
Bact., 46, 1943, 45). From Latin 

marimis, pertaining to the sea, and 
ylutinosus, full of glue, sticky. 

Short rods: 0.7 to 1.0 by 1.8 to 2.4 mi¬ 
crons, with rounded ends, occurring 
singly, in pairs and in clumps. Motile 
with polar flagella. Staining granular. 
Encapsulated. Gram-negative. 

Gelatin stab: Moderate filiform growth 
with slight napiform liquefaction. No 
pigment. 

Agar colonies: Round with concentric 


circles and crinkled radial lines, 1.5 to 
5.0 mm. in diameter. No pigment. 

Agar slant: Moderate, filiform, flat. 
Butyrous consistency. 

Broth: Moderate clouding, marked 
ring, adherent film of growth on test tube 
wall, and flaky sediment. 

Milk: No growth. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Hydrogen sulfide and ammonia pro¬ 
duced from Bacto-tryptone. 

Acid but not gas from xylose and dex¬ 
trin. No acid from glucose, lactose, 
sucrose and mannitol. 

Starch is hydrolyzed. 

Optimum temperature 20® to 25®C. 

.Aerobic, facultative. 

Source: Sea water. 

Habitat: Sea water. 

54. Pseudomonas gelatica (Gran) 
Bergcy et al. {Bacillus gelalicus Gran, 
Bergens Museums Aarbog., 1902, 14; 
Bacterium gclaticum Lundestad, Cent, 
f. Bakt., II Abt., 75, 1928, 328; Bergey 
ct al., Manual, 3rd ed., 1930,175.) From 
French, like gelatin. 

Rods, with rounded ends, 0.6 to 1.2 by 
1.2 to 2.6 microns, occurring singly, in 
pairs, and sometimes in short chains. 
Motile. Gram-negative. 

Fish-gelatin colonies: Circular, trans¬ 
parent, glistening, becoming brownish in 
color. 

Fish-gelatin stab: Liquefaction infun- 
dibuliform, with greenish color. 

Sea-weed agar colonies: Circular, flat, 
entire, glistening, reddish-brown center 
with grayish-w’hitc periphery. Lique¬ 
fied. 

Fish-agar slant: Flat, transparent 
streak, with undulate margin, reddish- 
brown. 

Broth: Turbid with flocculent pellicle, 
and greenish-yellow sediment. 

Indole not formed. 

Nitrites are produced from nitrates. 

Starch hydrolyzed. 
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No action on sugars. 

Anaerobic, facultative. 

Optimum temperature 20 to 25®C. 

Habitat; Sea water of Norwegian coast. 

55. Pseudomonas calcls (Drew) 

Kellerman and Smith. {Bacterium caU 
CIS Drew, Yearbook Carnegie Inst. 
Wash., 77, 1912, 136-144; Kellerman and 
Smith, Proc. Nat. Acad. Sci., 4, 1914, 
400.) From Latin calx {calc-), lime. 

Ovoid rods, 1.1 by 1.5 to 3 microns, 
usually single but may form long chains. 
Actively motile with one polar flagellum. 
Gram-negative. 

Grows best in sea water or 3 per cent 
salt media. Deposits CaCOs. 

Agar colonies: Circular, ^\nth finely 
irregular outline, granular appearance, 
elevated, spreading; old colonies having 
brownish tinge in center. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Gelatin colonies: Small, with lique¬ 
faction. 

Broth: Good growth especially in pres¬ 
ence of potassium nitrate, peptone or 
calcium malate. 

Acid from glucose, mannite and sucrose 
but not from lactose. 

Nitrates reduced to nitrites and am¬ 
monia. 

Aerobic, facultative. 

Optimum temperature 20 to 28®C. 

Habitat: Sea water and marine mud. 

Bavendamm (Arch. f. Mikrobiol., 5 , 
1932, 214) states that Pseudomonas calcis 
is probably synonymous with Bacterium 
hrandti, Bacterium bauri and Bacterium 
feiieli described by Parlandt (Bull. 

Jard. imp. Bot. St. Petersburg 11 1911 
97-105). ’ 

« 

56. Pseudomonas calclpreclpltans Mo- 

hsch. (Cent. f. Bakt,, II Abt., 65,1925, 
130.) From Latin, calx {calc-), lime; 
praecipito, to cast down headlong, to 
precipitate. 

Thin rods: 0.5 to 0.8 by 1.5 to 3.6 mi¬ 
crons, with rounded ends, often staining 


irregularly. Motile, with one polar flagel¬ 
lum. Gram-negative. 

Gelatin colonies: Circular, light brown 
in color (large colonies show CaCOj 
crystals). 

Gelatin stab: Surface growth with fili¬ 
form growth in depth. Liquefaction 
starts at bottom. 

Agar colonies (sea water). Grayish- 
white, glistening. In tw'o to three weeks 
crystals of calcium carbonate form in the 
agar. 

Agar slant: Slight, whitish, surface 
growth, becoming thick, spreading, glis¬ 
tening, with abundant CaCOs crystals in 
medium. 

Ammonia formed. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Habitat: Sea water. 

57. Pseudomonas ichthyodermls (Wells 
Zobell) Zobell and Upham. {Achromo- 
6ac7er ickthyodermis Wells and Zobell, 
Proc. Nat. Acad. Sci., 20, 123, 1934; 
Zobell and Upham, Bull. Scripps Inst. 
Oceanography, 5, 1944, 246 and 253.) 
From Greek, ichlkys, a fish; derma, skin. 

Small rods, 0.9 to 1.3 by 3 to 5 microns, 
occurring singly and in pairs. No spores. 
Encapsulated. Polar flagella. Pleomor¬ 
phic forms predominate in old cultures. 
Gram-negative. 

Requires sea water following initial 
isolation. The following differential me¬ 
dia are prepared with sea water. 

Agar colonies: Glistening, colorless, 
convex, circular colonies 2 to 4 mm. in 
diameter. 

Agar slants: Abundant, filiform, raised, 
smooth, opalescent growth. 

Gelatin tube: Rapid crateriform lique¬ 
faction complete in 5 days at IS^C. 

Sea water broth: Turbidity, with pelli¬ 
cle, little granular sediment and no odor. 

Milk: No growth. Casein digested 
when 3 per cent salt is added. 

Potato: No growth unless dialyzed id 
sea water. Then fmr growth with nc 
pigment. 
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Acid from glucose, maltose, sucrose 
and mannitol but not from lactose or 
glycerol. 

Starch hydrolyzed. 

Ammonia liberated from peptone but 
no hydrogen sulfide produced. 

Indole formed in tryptophane sea water 
broth. 


Nitrites produced from nitrates. 
Optimum temperature 20 to 25‘’C.; 
30®C. incubation will kill recently isolated 
organisms. 

Aerobic, facultative. 

Source: Isolated from diseased kilifish 
{Fundulus parvipinnis). 

Habitat: Skin lesions and muscle tissue 
of infected marine fish. 


58. Pseudomonas nigrifaclens White. 
(Scientific Agriculture, 20, 1940, 643.) 
From Latin niger, black and faciens, 
making. 

Rods: 0.3 to 0.7 by 1 to 6 microns, oc¬ 
curring singly or in pairs, and having 
rounded ends. Actively motile, w'ith a 
single polar flagellum. Gram-negative. 

Gelatin stab: Pigmented surface grow'th 
after 24 hours. Slight crateriform lique¬ 
faction changing to saccate. 

Agar colonies: Circular, convex, 
smooth, glistening, entire, 2 to 4 mm in 
diameter. Slight fluorescence in early 
stages. The medium assumes a brownish 

color. 

Agar slant: Growth filiform, smooth, 
moist, glistening, with blackish pigmenta¬ 
tion at 4° and 15“C. in 48 hrs., the medium 
turning brownish. Slight fluorescence in 
early stages. 

Broth: Turbid after 24 hours. After 
5 to 6 days a black ring and then a pellicle 
forms, later a black sediment. Medium 
turns brown. 

Litmus milk: A black ring appears 
after 3 days at 15®C. followed by a pellicle. 
Litmus is reduced. Alkaline reaction. 
No coagulation. Digested with a putrid 
odor. 

Indole not formed. 


Nitrites not produced from nitrates in 
7 days. No gas produced. 

Starch is hydrolyzed. Natural fats 
not hydrolyzed. 

Alkaline reaction produced in sucrose, 
maltose, lactose, glucose, mannitol and 
raffinose broth (pH 8.2). No gas pro¬ 
duced. 

Ammonia produced in peptone broth. 

Aerobic. 

Optimum pH 6.8 to 8.4. 

Temperature relations: Minimum 4®C. 
Optimum 25°C. Maximum 33-35®C. 

Distinctive characters: No or slow 
growth in culture media in the absence of 
salt. Maximum growth and pigmenta¬ 
tion appeared with 1.5 and 2.5 per cent 
salt. Optimum pigmentation occurs at 
4° and 15®C. 

Source: Several cultures isolated from 
samples of discolored butter. 

Habitat: Causes a black to reddish- 
brown discoloration of print butter. 
Evidently widely distributed in nature. 

59. Pseudomonas beljertnckii Hof. 
(Travaux botaniques nderlandais, S2, 
1935, 152.) Named for M. W. Beijerinck, 
Dutch bacteriologist. 

Small rods: Motile with polar flagella. 

Gelatin: No liquefaction. 

Indole not formed. 

Nitrites produced from nitrates by 
four out of six strains. 

Cellulose not decomposed. 

Acid from glucose. In yeast-water 
with 2 per cent glucose and 12 per cent 
NaCl no gas is produced. 

Pigment production: Insoluble purple 
pigment produced but not in all media; 
is localized markedly; reduced oxygen 
tension necessary; optimum pH 8.0; not 
produced in yeast-water or in peptone- 
water; produced only when grown in 
extracts of beans or some other vegetable. 

Aerobic. 

Source: Six strains isolated from beans 
preserved with salt. 

Habitat: Causes purple discoloration 
of salted beans. 
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60. Pseudomonas salinaria Harrison 
and Kennedy. (Harrison and Kennedy, 
Trans. Royal Soc. of Canada, 16, 1922, 
121; Serratia salinaria Bergey et al.. 
Manual, 1st ed., 1923, 93; Flavobactcrium 
(Halohaclcrium) saliuarium Elazari-Vol- 
cani, Studies on the Microflora of the 
Dead Sea, Thesis, Hebrew Univ., Jeru¬ 
salem. 1940, 59.) From Latin, salinae, 
saltworks. 

Probable synonym: Serralia sambhari- 
amts Dixit and Vachna, Current Sci., It, 
1942, 107 (see Biol. Abs., 17, 1943, 793). 
Halophilic growing in 30 per cent salt. 
From salt lake in India. 

Occurs as spheres and rods, 2.0 to 3.0 
microns in diameter, 1.0 to 1.6 by 3.0 
to 15.0 microns, occurring singly, as 
ovoid, amoeboid, clavate, cuneate, trun¬ 
cate, spindle, club, pear-shape, and 
irregular forms. Motile, frequently with 
a flagellum at each pole. Gram-negative. 

Does not grow on ordinary culture 
media. Grows well on salted fish. 

4 

Codfish agar (16 to 30 per cent salt): 
Growth slow, smooth, raised, coarsely 
granular, entire, pale pink to scarlet 
(Ridgway chart). 

No acid from carbohydrate media. 

Indob not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 42®C. 

Source: Isolated from cured codfish 
(Harrison and Kennedy, loc. cU.). Iso¬ 
lated from salted fish by Browne (Absts. 
Bact., 6, 1922, 25 and Proc. Soc. Exper. 
Biol, and Med., 19, 1922, 321) who re¬ 
garded this pleomorphic bacterium as 
two organisms—«Spfroc/iae<a halophilica 
and Bacterium halophilica. 

Habitat: Produces reddening of dried 
codfish and causes rusty herring. In 
sea salt, and salt ponds containing not 
less than 16 per cent salt. 

61. Pseudomonas cutlrubra Lochhead. 

{Serratia cutirubra Lochhead, Can. Jour. 


of Research, 10, 1934, 275; Bacterium 
cutirubrum Lochhead, Jour. Bact., 27, 
1934, 62; ibid., ^5, 1943, 575; Flavohac- 
terium {Ualobacterium cutirubrum Elaz- 
ari-Volcani, loc. cif., 59.) From Latin, 
cuti.s, skin, hide; ruber, red. 

Occurs as rods and spheres. Spheres 
1 to 1.5 microns in diameter. Rods 1.5 
to 8.0 by 0.7-1.4 microns. Rod forms 
motile with single polar flagellum. Coc- 
coid forms motile when young. Gram- 
negative. 

No growth on ordinary media. 

Milk agar (20 per cent salt to satura¬ 
tion ; optimum 28-32 per cent): Colonies 
3-4 mm. in diameter, round and slightly 
convex. Pink to ro.se dorde (Ridgway 
chart). 

Milk agar slants: Growth filiform, 
slightly spreading, rather flat with 
smooth, glistening surface and mem¬ 
branous consistency. Proteolytic action. 

Liquid media: No or slight growth. 

Gelatin (salt): Pronounced liquefaction. 

Indole not formed, Lochhead {loc. cil.), 
Faint tost. Gibbons (Jour. Biol. Board 
Canada, 3, 1936, 75). 

Nitrites not produced from nitrates. 

Diastatic action negative. 

No carbohydrate fermentation. 

Aerobic, obligate. 

Optimum temperature 37°C. 

Halophilic. 

Source: Isolated from salted hides. 

Habitat: Sea water and sea salt. 

62. Pseudomonas harveyi Johnson 
comb. nov. {Achromobacter harveyi John¬ 
son and Shunk, Jour. Bact., 31, 1936, 
587.) Named for E. N. Harvey, who 
studied luminous bacteria. 

Rods: 0.5 to 1.0 by 1.2 to 2.6 microns, 
occurring singly or in pairs, with rounded 
ends. Occasionally slightly curved; ends 
occasionally slightly pointed. Non-spore¬ 
forming. Capsules absent. Motile with 
a single polar flagellum, 2 to 3 times the 
length of the cell. Gram-negative. 
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Sea water gelatin colonies: After 24 
hours at 20®C, circular, about 1.5 mm. in 
diameter or larger, margin slightly undu¬ 
late, sunken due to the beginning of 
liquefaction, interior somewhat zonate; 
colonies surrounded by a halo of numerous 
small secondary colonies, circular and 
finely granular. In crowded plates a 
large number of gas bubbles are formed. 
Luminescent. 

Sea water gelatin stab: Rapid saccate 
liquefaction complete in 5 days at 22®C. 
Abundant flocculent sediment. 

Sea water agar colonies; Mostly very 
large, 6 to 8 cm. in diameter in 24 hours, 
flat, highly iridescent, circular with 
undulate margin, or composed of narrow 
and close or wide filamentous growth. 
Occasionally small colonies appear that 
are circular, with entire or slightly undu¬ 
late margin, often producing irregular 
secondary growth, surface always smooth. 
Luminescent. 

Sea water agar slant: Growth abundant, 
spreading, grayishly viscous, homogene¬ 
ous, iridescent, the medium becoming 
rapidly alkaline when inoculated at an 
initial pH of 7.0. With fish decoctions 
added to the medium, luminescence is 
much brighter and growth becomes 
brownish after several days. 

Growth on autoclaved fish: Abundant, 
smooth, glistening, yellowish, becoming 
dirty brown after several days. Mild 
putrefactive odor. Luminescence very 
brilliant. 

Sea water containing 0.2 per cent 
peptone: Abundant uniform turbidity, 
thin pellicle, sediment accumulating over 
a period of several days. Luminescence 
at surface only unless the tube is shaken. 

Milk, with or without the addition of 
2.8 per cent salt: No growth. 

Potato plugs resting on cotton saturated 
with sea water: Growth slight, somewhat 
spreading, slightly brownish. Luminous. 
Indole is formed (Gore’s method). 
Nitrites are produced from nitrates. 
Ammonia is produced in peptone media 
(Hansen method). 


Fixed acid from glucose, fructose, 
mannose, galactose, sucrose, maltose, 
mannitol, dextrin, glycogen, trehalose, 
ccllobiose; slowly from salicin. Non- 
fixed acid from melczitose; slight acid 
from sorbitol, disappearing in 24 hours. 
No acid from glycerol, xylose, arabinosc, 
dulcitol, inositol, adonitol, crythritol, 
arabitol, lactose, raflinose, rhamnose, 
fucosc or alpha methyl glucoside. 

Starch agar: Wide zone of hydrolj^sis. 

Hydrogen sulfide is produced (Zobell 
and Fantham method). 

Temperature relations: Optimum 35° 
to 39°C. Abundant growth at 22° to 
25°C. Optimum luminescence at 20° to 
40°C. 

Not pathogenic for white rats or amphi- 
pods. 

Aerobic, facultative anaerobe. 

Source: Isolated from a dead amphipod 
{Talorchestia sp.) at Woods Hole, Massa¬ 
chusetts. 

Habitat: Sea water. 

63. Pseudomonas phosphorescens 
(Fischer) Bergey et al. {Bacillus phos¬ 
phorescens Fischer, Zeitschr. f. Ilyg., 2, 
1887, 5S; Pholobaclerium indicum Boi- 
jerinck, Arch. Nderl. d. Sci. Fxactes, 23, 
1889, 401; Bacterium phosphorescens 

Lehmann, Cent. f. Bakt., 6, 1SS9, 785; 
not Bacterium phosphorescens Fischer, 
Cent. f. Hakt.,3, 1888,107; Bergey et al., 
Manual. 3rd ed., 1930,177.) From Greek 
phosphored, to bear or bring light. 

See page 099 for additional synonyms. 

Description taken from Fischer (loc. 

cil.). 

Small, thick rods: 2 to 3 times as long 
as wide, with rounded ends. Motile. 
Stain lightly with aniline dyes. 

Gelatin colonies: After 36 hours, small, 
circular, gray-white, punctiform. 
Liquefaction. Bluish to green phos¬ 
phorescence in 4 to 5 days. 

Blood serum: Gray-white, slimy 

growth. 

Potato: Thin white layer in 2 to 3 
days. 
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Cooked fish: Abundant growth. En¬ 
tire surface covered with a gray-white, 
slimy growth. Bluish-white phos¬ 
phorescence. 

Alkaline broth: Slight turbidity in 24 
hours. Pellicle in 3 days. 

Acid broth: No turbidity. No phos¬ 
phorescence. 

Milk: No growth. 

No gas formed. 

Not pathogenic for laboratory 

animals. 

Aerobic. 

Optimum temperature 20® to 30®C. 

Source: From sea water of the West 
Indies. 

Habitat: Sea water. 

64. Pseudomonas pierantonli (Zirpolo) 
Bergey et al. {Micrococcus pierantonii 
Zirpolo, Boll, del, Societa dei Natural, 
in Napoli, SI, 1918, 75; Cocco-bacillus 
pierantonii Meissner, Cent. f. Bakt., II 
Abt., 67, 1926,204; Bergey et al.. Manual, 
3rd ed., 1930, 176.) Named for Pieran- 
toni, an Italian. 

Oval rods: 0.8 by 1.0 to 2.0 microns. 
Polymorphic rods, sometimes vacuolated. 
Motile. Gram-negative. 

Gelatin colonies: Circular, luminous. 

Gelatin stab: Not liquefied. 

Sepia agar colonies: Circular, white, 
convex, smooth, serrate edge. Intense 
greenish luminescence. 

Egg-glycerol agar slant; Yellowish- 
green, luminous streak. 

Broth: Turbid. 

Indole not formed. 

Acid from glucose and maltose, some 
strains also produce acid from lactose and 
sucrose. 

Best growth in alkaline media. 

Aerobic. 

Optimum temperature 33®C. 

Source; Isolated from the photogenic 
organ of the cephalopod Rondeleiia minor. 


*65. Pseudomonas martynlae (Elliott) 
Stapp. (Bacterium martyniae Elliott, 
Jour. Agr. Res., 29, 1924 , 490; Stapp, in 
Sorauer, Handbuch der Pflanzenkr., 2, 
5 Auf., 1928, 278; Phytomonas martyniae 
Bergey et al., Manual, 3rd ed., 1930, 262.) 
From M. L. Martynia, a generic name. 

Rods: 0.59 to 1.68 microns. Capsules. 
Chains. Motile with one to several 
bipolar flagella. Gram-negative. 

Green fluorescent pigment produced. 

Gelatin: Liquefied. 

Beef agar colonies: White, round, 
smooth, glistening, raised. 

Broth: Clouding in bands. Thin pelli¬ 
cle. Small crystals. 

Milk: Soft acid curd with peptoniza¬ 
tion. 

Nitrites produced from nitrates after 2 
weeks. 

Indole not produced. 

Hydrogen sulfide production slight. 

Acid but not gas from glucose, galac¬ 
tose, arabinose and sucrose. No acid 
from rhamnose, lactose, maltose, raffinose, 
mannitol and glycerol. 

Starch hydrolysis none or feeble. 

Optimum temperature 26®C. Maxi¬ 
mum 37®C. Minimum 1.5®C. 

Optimum pH 6.0 to 6.7. pH range 5.4 
to 8.9. 

Aerobic. 

Source: Isolated from diseased leaves 
of the unicorn plant from Kansas. 

Habitat: Pathogenic on Martynia 
louisiana. 

66. Pseudomonas strlafaclens (Elli¬ 
ott) Burkholder. (Bacterium stria- 
fadens Elliott, Jour. Agr. Res., 35, 1927, 
823; Phytomonas striajaciens Bergey 
et al., Manual, 3rd ed., 1930, 268; Burk¬ 
holder, Phytopath., SB, 1942, 601.) 
From L. s^rta, stripe; fadens, making, 


•The section covering the pseudomonada that cause plant diseases has been re¬ 
vised by Prof. Walter H. Burkholder. Cornell Univ., Ithaca, New York, April, 1943. 
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referring to the type of lesion caused 
on the blades of oats. 

Rods: 0.66 by 1.76 microns. Motile 
with one to several flagella. Capsules. 
Gram-negative. 

Green fluorescent pigment produced. 

Gelatin: Liquefied. 

Beef-peptone agar colonies: White, 
raised, margins entire or slightly undu¬ 
lating. 

Broth: Clouding in layers. Ring and 
slight pellicle. 

Milk: Alkaline, sometimes a soft curd 
which digests or clears. 

Slight production of nitrites from 
nitrates. 

Indole not produced. 

Acid but notgas from glucose, fructose 
and sucrose. No acid from lactose, mal¬ 
tose, glycerol and mannitol. 

Starch: Hydrolysis slight. 

Optimum temperature 22®C. 

Optimum pH 6.5 to 7.0. 

Aerobic. 

Distinctive characters: Differs from 
^^eudomonas coronafaciens in that the 
cells are somewhat smaller and the patho¬ 
gen produces a streak on oat blades 
instead of a halo spot. 

Source: Forty cultures isolated from 
oats gathered in various parts of America. 

Habitat: Pathogenic on cultivated oats, 
and to a slight degree, on barley. 

67. Pseudomonas tomato (Okabe) 
comb. nov. {Bacterium tomato Okabe, 
Jour. Soc. Trop. Agr. Formosa, 5,1933,32; 
f*hylomonas tomato Magrou, in Ilauduroy 
et al., Diet. d. Bact. Path., Paris, 1937, 
422.) Named for the host plant, tomato. 

Probable synonym: Bacterium punc- 
lulans Bryan, Phytopath., 23, 1933, 897. 

Rods: 0.69 to 0.97 by 1.8 to 6.8 microns. 
Motile with 1 to 3 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 

culture. 

Gelatin: Slow liquefaction. 

Beef-extract agar colonies: White, 
circular, flat and glistening. 

Broth: Turbid in 24 hours. Pellicle. 


Milk: Becomes alkaline and clears. 

Nitrites are usually produced from 
nitrates. 

Indole not produced. 

No HnS produced. 

Acid but not gas from glucose, sucrose 
and lactose. No acid from maltose and 
glycerol. 

Starch hydrolysis feeble. 

Slight growth in 3 per cent s:dt. 

Optimum temperature 20° to 25°C. 
Maximum 33°C. 

Aerobic. 

Source: Isolated from diseased tomato 
leaves. 

Habitat: Pathogenic on tomato, Lyco- 
persicon esculentum. 

68. Pseudomonas aceris (Ark) Burk¬ 
holder. {Phylomonas aceris Ark, Phyto- 
path., 29, 1939, 969; Burkholder, Phyto¬ 
path., 32, 1942, 601.) From Latin acer, 
maple; M.L. .leer, generic name. 

Rods: 0.3 to 0.8 by 0.8 to 2.5 microns. 
Motile with 1 to 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced. 

Gelatin: Liquified. 

Becf-extract-peptone agar: Colonies are 
grayish-white. .Appearing in 24 hours. 

Broth: Turbid. 

Milk: Clearing with no coagulation. 

Nitrites not produced from nitrates. 

Indole not produced. 

Hydrogen sulfide not produced. 

.\cid from glucose, fructose, galac¬ 
tose, arabinose, xylose, sucrose, maltose, 
lactose, raffinose, mannitol, glycerol and 
dulcitol. 

Slight growth in broth plus 6 per cent 
salt (Burkholder). 

Temperature: 13° to 31°C. 

Source: From diseased leaves of the 
large leaf maple, Acer macrophillum. 

Habitat: Cause.s a disease of Acer spp. 

69. Pseudomonas angulata (Fromme 
and Murray) Holland. {Bacterium an- 
gulatum Fromme and Murray, Jour. Agr. 
Res., 16, 1919, 219; Holland, Jour. Bact., 

5, 1920, 224; Phytomonas angulata Bcrgey 
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et al., Manual, 3rd cd., 1930, 267.) From 
L. angidatus, referring to the type of 
lesion produced on the tobacco leaf. 

Description taken from Clara (Cornell 
Agr. Exp. Sta. Mem. 159, 1934, 24). 

Rods: 0.75 to 1.5 by 1.5 to 3.0 microns. 
Motile by 1 to 6 polar flagella. Gram- 
negative. 

Gelatin: Liquefaction. 

Green fluorescent pigment produced. 
Beef-extract agar colonies: Dull white, 
circular, raised, smooth and glistening. 

Broth: Turbid in 36 hours and 
greenish. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 
Indole not produced. 

No HaS produced. 

Lipolytic action negative (Starr and 
Burkholder, Phytopath., SB, 1942, 601). 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, xy¬ 
lose, sucrose and mannitol. Alkaline reac¬ 
tion from saltsof citric, malic, succinic and 
tartaric acid. Rhamnose, maltose, lac¬ 
tose,raffinose,glycerol,salicin, and acetic, 
lactic and formic acids are not fermented. 
Starch not hydrolyzed. 

Slight growth in broth plus 5 to 6 per 
cent salt (Burkholder), 

Facultative anaerobe. 

Distinctive characters: Braun (Phyto¬ 
path., 27, 1937,283) considers this species 
to bo identical in culture with Pseudo^ 
monas labaci, but they differ in the type 
of disease they produce. 

Sources: Isolated by Fromme and 
Murray from small angular leaf spots on 
tobacco. 

Habitat: Causes the angular leaf spot 
of tobacco {Nicoliana tabacum). 

70. Pseudomonas aptata (Brown and 
Jamieson) Stevens. {Baclerium aptalum 
Brown and Jamieson, Jour. Agr. Res., I, 
1913, 206; Phylomonas aptata Bergey et 
al., Manual, 1st ed., 1923, 184; Stevens, 
Plant Disease Fungi, New York, 1925, 
22.) From Latin aplatus adapted. 

Rods: 0.6 to 1.2 tnlcrons. Motile with 
bipolar flagella. Gram-negative. 


Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar slants: Moderate growth along 
streak, filiform, whitish, glistening. 
Broth: Turbid: A pellicle formed. 
Milk: Becomes alkaline and clears. 
Nitrites not produced from nitrates. 
Indole not produced in 10 days. Slight 
amount found later. 

No H 2 S produced. 

Acid from glucose, galactose .and 
sucrose. No acid from lactose, maltose 
and mannitol (Paine and Banfoot, Ann. 
Appl. Biol., 11, 1924,312). 

Starch not hydrolyzed. 

Slight growth in broth plus 7 per cent 
salt (Burkholder). 

Optimum temperature 27® to 28®C. 
Maximum 34® to 35®C. Minimum below 

rc. 

Aerobic. 

Source: Isolated from diseased nas¬ 
turtium leaves from Virginia and diseased 
beet leaves from Utah. 

Habitat: Pathogenic on sugar beets, 
nasturtiums, and lettuce. 

71. Pseudomonas primulae (Ark and 
Gardner) Starr and Burkholder. {Phy- 
tomonas primulae Ark and Gardner, 
Phytopath., 26, 1936, 1053; Starr and 
Burkholder, Phytopath., S2, 1942, 601.) 
From L. primulus, first; M.L. Primula, 
a generic narhe. 

Rods: 0.51 to 0.73 by 1.0 to 3.16 
microns. Motile with a polar flagellum. 
Gram-negative. 

Green fluorescent pigment produced m 
culture. 

Gelatin: Liquefaction. 

Agar colonies: Round, convex, smooth, 
glistening, yellowish. 

Milk: Coagulated. 

Nitrites not produced from nitrates. 
Indole not produced. No HjS produced. 
Not lipolytic (Starr and Burkholder, 
Phytopath., S2, 1942, 601). 

Acid but not gas from glucose, lactose, 
sucrose, maltose, galactose, arabinose, 
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glycerol, dulcitol and mannitol. Starch 
not hydrolyzed. 

Growth in broth plus 5 per cent salt. 

^ Optimum temperature 19° to 22°C. 
Maximum 34°C. Minimum 10°C. 

Optimum pH 6.8 to 7.0. Minimum 
4.5 to 5.0. 

Facultative anaerobe. 

Source: Isolated from leaf-spot of 
Primula polyanlha. 

Habitat: Pathogenic on Primula spp. 

72. Pseudomonas viridilivlda (Brown) 
Holland. {Baclerium viridilividinn 
Brown, Jour. Agr. Res., 4, 1915, 475; 
Holland, Jour. Bact., 5, 1920, 225; Phyto- 
Jnonas viridilivida Bergey et al., Manual, 
Ist ed., 1923,187.) From Latin, viridis, 
green; lividus, blue. 

Hods: 1.0 to 1.25 by 1.25 to 3.0 microns. 
Motile with 1 to,3 polar flagella. Gram- 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Slow liquefaction. 

Beef agar colonies: Cream white, 
round, smooth, translucent, edges entire. 

Broth: Turbid, becomes lime green. 

Milk: Alkaline and clears. 

Nitrites not produced from nitrates. 

Indole is produced. 

Not lipolytic (Starr and Burkholder, 
Bhytopath., S2, 1942, 601). 

Acid from glucose and sucrose (Burk¬ 
holder). 

Grows well in 4.5 per cent salt. Grows 
in 7 per cent salt (Burkholder). 

Maximum temperature 34.5°C. Mini¬ 
mum 1.6°C. 

Aerobic. 

source: Isolated from diseased lettuce 
from Louisiana. 

Habitat: Pathogenic on lettuce, Lac- 
ttica aativa. 

73. Pseudomonas delphlnll (Smith) 
Stapp. (BacUlua delphini Smith, 
Science, 19, 1904, 417; Bacterium del- 
pkinii Bryan, Jour. Agr. Res., £8, 1924, 
261; Stapp, in Sorauer, Handbuch der 

Pflanzenkrankheiten, e, 6 Auf.. 1928,106; 


Pkyiomonas dclphinii Bergey et al., 
Manual, 3rd cd., 1930, 261.) Froin 
Latin, dclphin, a dolphin; M.L. Del¬ 
phinium, a generic name. 

Rods: 0.6 to 0.8 by 1.5 to 2.0 microns. 
Chains present. Motile with 1 to 6 polar 
flagella. Capsules. Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquified. 

Beef agar slants: Growth thin, smooth, 
shining, transparent, margins entire, 
crystals. Agar becomes dark brown. 

Broth: Turbid in 24 hours with delicate 
pellicle. 

Milk: Becomes alkaline and clears. 
Nitrites not produced from nitrates. 
Indole not produced. 

No HjS produced. 

Lipolytic action negative (Starr and 
Burkholder, Phytopath., 32, 1942, COl). 

Acid from glucose, galactose and 
fructose; slightly acid from sucrose. No 
acid from lactose, maltose, glycerol and 
mannitol. 

. Starch: Hydrolysis feeble. 

Weak growth in broth plus 4 per cent 
salt. 

Optimum pH 6.7 to 7.1. pH range 5.6 
to 8.6. 

Optimum temperature 25°C. Maxi¬ 
mum 30°C. Minimum 1°C. or less. 

Source: Isolated from black spot of 
delphinium. 

Habitat: Pathogenic on delphinium 
causing a black spot in the leaves. 

74. Pseudomonas berberidls (Thorn- 
berry and Anderson) Stapp. (Phylo- 
monas berberidis Thornberry and Ander¬ 
son, Jour. Agr. Res., 4S, 1931, 36; Stapp, 
Bot. Rev., 1, 1935, 407; Baclerium ber¬ 
beridis Burgwitz, Phytopathogenic Bac¬ 
teria, Leningrad, 1935, 153.) From M.L. 
Berberis, barberry, generic name. 

Rods: 0.5 to 1.0 by 1.5 to 2.5 microns, 
occurring singly or in pairs. Motile with 
2 to 4 polar flagella. Capsules present. 

Gram-negative (Burkholder); not 
Gram-positive as stated in original de¬ 
scription. 
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Green fluorescent pigment produced in 
culture (Burkholder). 

Gelatin: Not liquefied. 

Glucose agar slants: Growth moder¬ 
ate, filiform at first, later beaded, raised, 
smooth, white. Butyrous in consistency. 

Milk: Becomes alkaline. No other 
change. 

Nitrites not produced from nitrates. 
Indole not produced. 

No HjS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 3^, 1942, 601). 

Acid from glucose, galactose, and 
sucrose. Maltose and rhamnose not 
utilized (Burkholder). 

No gas from carbohydrates. 

Starch not hydrolyzed. 

Optimum temperature 18®C. Ma.\i- 
mum 30*^0. Minimum 7®C. 

Aerobic. 

Sources: Repeated isolations from 
leaves and twigs of barberry. 

Habitat: Pathogenic on barberry, Her- 
beris thunbergerii and B. vulgaris. 

75. Pseudomonas coronafaciens (Elli¬ 
ott) Stapp. {Bacterium coronafaciens 
Elliott. Jour. Agr. Res., 19, 1920, 153; 
Phytomonas coronafaciens Bergey et al., 
Manual, 1st ed., 1923, 180; Stapp, in 
Sorauer, Handbuch der Pflanzenkrank- 
heiten, 2, 5 Auf., 1028, 20.) From L. 
corona, halo;/aciens, producing, referring 
to the lesions on oat blades. 

Probable synonyms: Elliott (Bact. 
Plant Pathogens, 1930, 122) lists as 
synonyms. Bacillus avenae (Russell, 
Johns Hopkins Univ. Thesis, 1892) and 
Bacillus avenae Manns and Pseudomonas 
avenae Manns (Ohio Agr. Exp. Sta. Bui. 
210, 1909, 133; Phytomonas avenae Ber¬ 
gey et al., Manual, 3rd ed., 1930, 263). 

Rods: 0.65 by 2.3 microns, occurring 
in chains. Motile with polar flagella. 
Capsules. Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Slow liquefaction. 

Nutrient agar colonies: White, becom- 


ing irregularly circular, flat with raised 
margins. 

Broth: Slight turbidity in 24 hours. 
Heavy pellicle formed. 

Milk: Alkaline. A soft curd formed 
followed by clearing. Curd sometimes 
absent. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HjS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942,601). 

Acid but no gas from glucose and su¬ 
crose. Starch hydrolysis slight. 

Slight growth in broth plus 2 per cent 
salt. 

Optimum temperature 24® to 25®C. 
Maximum 3rC. Minimum TC. 

Source: Numerous isolations from 
blighted blades of oats. 

Habitat: Causes a halo spot on oats 
(Avena saliva). Artificial inoculations 
show barley (Ilordeum vulgare), rye 
{Secale cereale) and wheat {Trilicum' 
aeslivum) to be susceptible. 

75a. Pseudomonas coronafaciens var. 
atropurpurea (Reddy and Godkin) Stapp. 
{Baclerium coronafaciens var. alropur- 
pureum Reddy and Godkin, Phytopath., 
13, 1923, 81; Stapp, in Sorauer, Handbuch 
der Pflanzenkrankheiten, 2, 5 Auf., 1928, 
39; Phytomonas coronafaciens var. atro¬ 
purpurea Magrou, in Hauduroy et al., 
Diet. d. Bact. Path., Paris, 1937, 371.) 
From L. ater, black, dark; purpureus, 
purple, referring to the color of the lesion 
on brome grass. 

Distinctive characters: This variety 
differs from Pseudomonas coronafaciens 
in that it infects the brome-grass, Bromus 
inermis, where it produces a water soaked 
spot which is dark purple in color. 

Source: Numerous isolations from dis¬ 
eased brome-grass. 

Habitat: Pathogenic on Bromus 

inermts and Agropyron repens. Has been 
artificially inoculated on oats, Avena 
saliva. 
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76. Pseudomonas lachrymans (Smith 
and Bryan) Carsner. {Bacterium lachry¬ 
mans Smith and Bryan, Jour. Agr. Res., 
S, 1915, 466; Carsner, Jour. Agr. Res., 15, 
1918, 15; Bacillus lachrymans Holland, 
Jour. Bact., 5, 1920, 218; Phytomonas 
lachrymans Bergeyet al., Manual, 1st cd., 
1923, 184.) From Latin, causing tears, 
probably referring to the opaque drops 

formed on the lesion caused by this 
pathogen. 

Synonym: Elliott (Alan. Bact. Plant 
Pathogens, 1930, 147) lists the following 
as a synonym: Bacillus burgeri Potebnia, 
Khartov Prov. Agr. Exp. Sta., 1, 1915, 37. 

Description from Smith and Bryan 
{loc. cit.) and Clara (Cornell Agr. Exp. 
Sta. Mem. 159, 1934, 26). 

Rods: 0.8 by 1 to 2 microns. Motile 
with 1 to 5 polar flagella. Capsules. 

Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefied. 

Beef-peptone agar colonies: Circular, 
smooth, glistening, transparent, whitish, 
entire margins. 

Broth: Turbid in 24 hours. White 
precipitate with crystals. 

Milk: Turns alkaline and clears. 

Nitrites not produced from nitrates. 

Indole reaction weak. 

No HjS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 601). 

Acid but not gas from glucose, fruc¬ 
tose, mannose, arabinose, xylose, sucrose 
and mannitol. Alkaline reaction from 
salts of citric, malic and succinic acid. 
Maltose, rhamnose, lactose, rafFinose, 
glycerol and salicin not fermented (Clara, 
cit.). 

Starch partially digested. Not digested 
(Clara, loc. cit.)'. 

Growth in 3 per cent salt after 12 days. 
No growth in 4 per cent salt. 

Optimum temperature 25® to 27®C. 

Maximum 35®C. Minimum 1 ®C. 

Aerobic. Facultative anaerobe (Clara, 
ioc. cit.). 


Source: Isolated from diseased cucum¬ 
ber leaves collected in New York, Wis¬ 
consin, Indiana and in Ontario, Canada. 

Habitat: Pathogenic on cucumber, 
Cucumis sativus, and related plants. 

77. Pseudomonas maculicola (McCul¬ 
loch) Stevens. {Bacterium macuHcolum 
McCulloch, U. S. Dept. Agr., Bur. Plant 
Ind. Bui., 225, 1911, 14; Stevens, The 
Fungi which cause Plant Diseases, 1913, 
2S; Phytomonas maculicola Bergey et ah. 
Manual, 1st cd., 1923, 1S9; Bacterium 
maccullochianum Burgwitz, Phytopatho- 
genic Bacteria, Leningrad, 1935, 77.) 
From L. maculus, spot; -cola, dweller. 

Rods: 0.9 by 1.5 to 3 microns. Fila¬ 
ments present. Motile with 1 to 5 polar 
flagella. Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefied. 

Beef-peptone agar colonies: Whitish, 
circular, shining, translucent, edges 
entire. 

Broth: Turbid. No ring or pellicle. 
Milk: Becomes alkaline and clears. 
Nitrites not produced from nitrates, 
Indole production feeble. 

No HoS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 3^, 1942, 601). 

Acid from glucose, galactose, xylose, 
sucrose, glycerol, and mannitol. Alka¬ 
line reaction from salts of citric, malic, 
malonic, and succinic acid. Salicin, 
maltose, and salts of hippuric and tartaric 
not utilized (Burkholder). 

Slight growth in broth plus 4 per cent 
salt (Erw. Smith, Bact. Plant Diseases, 
1920, 306). 

Aerobic. 

Optimum temperature 24® to 25®C. 
Maximum 29®C. Minimum 0®C. 

Source: Isolated from diseased cauli¬ 
flower leaves from Virginia. 

Habitat: Pathogenic on cauliflower and 
cabbage. 

Note : Bacterium maculicola var. japo- 
nicum Takimoto, Bui. Sci. Fak. Terkult 
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Kjusu Imp. Univ., 1931, 545 has not 
been seen. 

78. Pseudomonas marglnata (McCul¬ 
loch) Stapp. {BacleHum marginatum 
McCulloch, Science, 54, 1921, 115; Jour. 
Agr. Res., 29, 1924, 174; Phytomonas 
rnarginala Bergey et al.. Manual, 1st ed., 
1923, 188; Stapp, in Sorauer, llandbuch 
der Pflanzenkrankheiten, 2, 5 Auf., 1928, 
56.) From L. marginalus, having a 
border, probably refers to the definite 
margin of the colony. 

Rods: 0.5 to 0.6 by 0.8 to 1.8 microns. 
Motile with 1 to 4 bipolar flagella. Cap¬ 
sules. Gram-negative. 

Green fluorescent pigment produced in 
Uschinsky’s and Fermi’s solutions. 
Gelatin: Liquefied. 

Agar colonies: White, circular, smooth, 
translucent, viscid, with definite margins 
at first thin but later thick and con¬ 
toured. Surface wrinkled. 

Milk: At first slightly acid, then alka¬ 
line. Casein digested. 

Nitrites not produced from nitrates. 
Indole production slight. 

Hydrogen sulfide production slight. 
Lipolytic (Starr and Burkholder, 
Phylopnth., 5«, 1942, 601). 

Acid but not gas from glucose, lactose, 
sucrose and glycerol. 

Starch hydrolysis feeble. 

Growth in 3.5 per cent salt. No growth 
in 4 per cent salt. pH range, 4.6 to 9.1. 

Optimum temperature 30® to 32®C. 
Maximum 40®C. Minimum 8® to 9®C. 

Source: Repeatedly isolated from 
diseased gladiolus. 

Habitat: Pathogenic on Gladiolus spp. 
and Iris spp. 

79. Pseudomonas medicaglnlsSackett. 
(Sackett, Science, 5/, 1910, 553; also 
Colorado Agr. Exp. Sta., Bull. 158, 1910, 
11; Bacillus medicaginis Holland, Jour. 
Bact., 5, 1920, 219; Phytomonas medi¬ 
caginis Beigey et al.. Manual, 1st ed., 
1923, 179; Bacterium medicaginis Elliott, 
Bact. Plant Path., 1930, 162.) From L. 


medica, ancient Media; M.L. 5fedicago, a 
generic name. 

Rods: 0.7 by 1.2 microns. Motile with 
1 to 4 flagella. Filaments present. 
Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Not liquefied. 

Nutrient agar colonies: Growth in 24 
hours whitish, glistening. 

Broth: Turbid in 24 hours. Pellicle 
formed. Viscid sediment. 

Milk: Becomes alkaline. No change. 
Nitrites not produced from nitrates. 
Indole not produced. 

No HjS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 601). 

Starch not hydrolyzed. 

No gas from carbohydrates. Acid from 
sucrose. 

Slight growth in broth plus 3.75 per cent 
salt. 

Optimum temperature 28® to 30°. 
Maximum 37.5°C. 

Aerobic. 

Source: Isolated from brown lesions on 
leaves and stems of alfalfa. 

Habitat: Pathogenic on alfalfa, J/edt- 
cago sp. 

79a. Pseudomonas phaseolicola (Burk¬ 
holder) Dowson. {Phytomonas 7nedi- 
caginis var. phaseolicola Burkholder, 
Phytopath., 16, 1926, 915; Bacterium 
medicaginis var. phaseolicola Link and 
Hull, Bot. Gaz., 83, 1927, 413; Pseudo¬ 
monas ynedicaginis var. phaseolicola 
Stapp and Kotte, Nachrichtenb. f. d. 
Deutschen Pflanzenschutzdienst, 9, 1929, 
35; Dowson, Brit. Mycol. Soc. Trans., 
26, 1943, 10.) From L. phaseolus, bean; 
M.L. Phaseolus, a generic name;-coIa» 
dweller. 

Synonym: Bacterium puerariae 

Hedges. (Phytopath., 17, 1927, 48 and 
SO, 1930, 140; Phytomonas puerariae 
Bergey et al., Manual, 3rd ed., 1930,267.) 

D^cription from Burkholder and 
Zaleski (Fhytopath., 22, 1932, 85). 
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Rods: 1 by 2 microns, sometimes 
slightly curved, filaments present. 
Motile with polar flagellum. Gram¬ 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin stab: Slow liquefaction. 

Beef extract agar: Whitish, circular 
colonies, 2 mm. in diameter. Edges 
entire. 

Broth: Turbid. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not formed. 

Not lipolytic (Starr and Burkholder, 
Photopath., 5^, 1942, 601). 

Acid but no gas from glucose, fructose, 
mannose, arabinose, xylose, sucrose and 
glycerol. No acid from rhamnose, lac¬ 
tose, maltose, mannitol and salicin. 
Alkali from salts of citric and malic acids, 
but not from acetic, formic, lactic or 
tartaric acids. Starch and cellulose not 
hydrolyzed. 

flight growth in broth plus 4 per cent 

salt. 

Optimum temperature 20® to 23®C. 
Maximum 33®C. Minimum 2.5®C. 
(Hedges, loc. cit.). 

Optimum pH 6.7 to 7.3. Maxi mum 8.8 
to 9.2. Minimum 5.0 to 5.3. (Kotte, 
Phyt. Zeitsch., e, 1930, 453.) 

Microaerophilic. 

Source: Isolated from leaves, pod and 
stem of beans showing halo blight. 

Habitat: Pathogenic on beans (Phaseo- 
vulgaris), the kudzu vine (Pueraria 
hirsula) and related plants. 

80. Pseudomonas pislSackett. (Sack- 
ett, Colorado Agr. Exp. Sta., Bull. 218, 
1916, 19; Bacterium pisi Erw. Smith, 
An Introduction to Bacterial Diseases of 
Plants, 1920, 474; Phytomonas pisi Ber- 
gey et al.. Manual, 1st ed., 1923, 181.) 
From Gr. pisum, the pea; M.L. Pisum, 
ft generic name. 

Hods: 0.68 to 2.26 microns. Motile 
with a polar flagellum. Gram-negative. 


Green fiuorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar slants: Moderate growtli in 24 
hours, filiform, glistening, grayish-white. 

Broth: Turbid with a scum in 5 days. 

Milk: Alkaline, soft curd, clears. 

Nitrites not produced from nitrates. 

Indole not produced. 

No ILS produced. 

Not lipolytic (Starr and Burkiioldor, 
Phytopath., 33, 1942, 601). 

Acid but notgas from gluco.se, galactose 
and sucrose. 

Starch not hydrolyzed. 

Optimum temperature 27® to 28®C. 
Maximum 37.5®C. Minimum 7®C. 

Aerobic. 

Source: Ten cultures isolated from 5 
collections of diseased peas showing water 
soaked lesions on stems and petioles. 

Habitat: Pathogenic on garden peas, 
Pisum saliviwi and field peas, P. sativum 
var. arvense. 

81. Pseudomonas syringae van Hall. 
(Kennis der Bakter. Pfianzenzickte, 
Inaug. Diss., Amsterdam, 1902, 191; 
Bacterium syringae Erw. Smith, Bacteria 
in Relation to Plant Diseases, 1, 1905, 63; 
Phytomonas syringae Bergey et al., 
Manual, 3rd cd., 1930, 257.) From 
Latin, syringa, a nymph that was 
changed into a reed; M.L. Syringa, a 
generic name. 

Synonyms: Bryan (Jour. Agr. Res., 36, 
1928, 225) lists Bacterium cilriputeale C. 
O. Smith, Phytopath., S, 1913, 69, and 
Bacterium cilrarefactens Lee, Jour. Agr. 
Res., 9, 1917, 1 {Pseudomonas citrare- 
faciens Stapp, in Sorauer, Handb. d. 
Pflanzenkrankheiten, 2, 5 Aufl., 1928, 
190). Clara (Cornell Agr. Exp. Sta. 
Mem. 159,1934, 29) lists Baciermm vignae 
(Pseudomonas vignae) Gardner and Ken¬ 
drick, Science, 67, 1923, 275 (Phytomonas 
vignae Bergey et al., Manual, Ist ed., 
1923, 188), Pseudomonas viridifaciens 
Tisdale and Williamson, Jour. Agr. Res. 

25, 1923, 141 (Bacterium viridifaciens 
Tisdale and Williams, ibid.; Phytomonas 
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viridifaciens Bergey et al., ^Manual, 2iid 
ed., 1925, 20S), and Phylomonas vignae 
var. Icguminophila Burkholder, Cornell 
Agr. Exp. Sta. Mem. 127, 1930, 51. Wil¬ 
son {Phytopath., 30, 1940, 27) lists 
Phytomonas cerasi (Griffin) Bergey et al. 
(Pseudomonas cerasus Griffin, Science, 
34, 1911, 615; Bacillus cerasus Holland, 
Jour. Bact., 5, 1920, 217; Bergey et al., 
Manual, 3rd ed., 1930, 262; Bacterium 
cerasi Elliott, Bact. Plant Pathogens, 
1930, 109.) This would include, there¬ 
fore the following synonyms which 
have been listed for Phytomonas cerasi. 
Clara (Cornell Agr. Exp. Sta. Mem. 
159, 1934, 25) lists Bacterium trifoliorum 
Jones et al. (Jour. Agr. Res., 25, 1923, 
471; Phytomonas trifoliorum Burk¬ 
holder, Phytopath., W, 1926, 922; 

Pseudomonas trifoliorum Stapp, in Sor- 
aucr, Handb. d. Pflanzenkrankhciten, 2, 

5 Aufi., 1928, 177) and Bacterium hold 
Kendrick (Phytopath., 16, 1926, 236; 
Pseudomonas hold Kendrick, ibid.\ 
Phytomonas hold Bergey et al.. Manual, 
3rd ed., 1930, 258). Wilson (Hilgardia, 
10, 1936,213) lists Pseudornonas prunicola 
Wormald (Ann. Appl. Biol., 17, 1930, 
725), Pseudomonas cerasi var. prunicola 
Wilson (Hilgardia,8,1933,83), Bacterium 
diripuleale C. O. Smith (Phytopath., 4, 
1913, 69; Pseudomonas citriputealis 

Stapp, in Sorauer, Handb. d. Pflanzen- 
krankheiten, 2, 5 Aufl., 1928, 190; Phyto¬ 
monas citriputealis Bergey et al., ^lanual, 
3rd ed., 1930 , 278) and Pseudomonas 
utiformica Clara, Science, 76, 1932, 111 
(Phytomonas utiformica Clara, Cornell 
Agr. Exp. Sta. Mem. 159,1934, 29; Bac¬ 
terium utiformica Burgwitz, Phytopatho- 
genic Bacteria, Leningrad, 1935,444). A 
probable synonym is Phytomonas 
spongiosa (Aderhold and Ruhland) Ma- 
grou (Bacillus spongiosus Aderhold 
and Ruhland, Cent. f. Bakt., II Abt., 16, 
1905, 376; Pseudomonas spongiosa Braun, 
Die Landwirtschaft, 41, 42, 1927, 2 pp.; 
Bacterium spongiosum Elliott, jNIan. 
Bact. Plant Pathogens, 1930, 214; Ma- 
grou, in Hauduroy et al.. Diet. d. Bact. 
Path., Paris, 1937, 414), C. 0. Smith 


(Phytopath., 33, 1943,82) lists the follow¬ 
ing as a synonym: Pseudomonas hibisci 
(Xakata and Takimoto) Stapp (Bacteri¬ 
um hibisci Nakata and Takimoto, Ann. 
Phytopath. Soc. Japan, 1, 5, 1923, 18; 
Stapp, in Sorauer, Ilandbuch der Pflan- 
zenkrankheiten, 5 Aufl., 2, 1928, 203; 
Phylomonas hibisci Bergey et al., Manuals 
3rd ed., 1930, 264). 

Description from Clara (loc. dt.). 

Rods: 0.75 to 1.5 by 1.5 to 3.0 microns. 
Motile with 1 or 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Circular, 
grayish-white with bluish tinge. Surface 
smooth. Edges entire or irregular. 

Broth: Turbid in 36 hours. No pelli¬ 
cle. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not produced. 

No HoS produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 601). 

Slight growth in broth plus 4 per 
cent salt. 

Acid but not gas from glucose, galac¬ 
tose, mannose, arabinose, xylose, su¬ 
crose, mannitol and glycerol. Alkaline 
reaction from salts of citric, malic, suc¬ 
cinic and lactic acid. Rhamnose, mal¬ 
tose, lactose, raffinose, salicin, and acetic, 
formic and tartaric acid not fermented. 

Starch not hydrolyzed. 

Facultative anaerobe. 

Source; Van Hall originally isolated 
the pathogen from lilac. 

Habitat: Pathogenic on lilac, citrus, 
cow peas, beans, lemons, cherries and 
many unrelated plants. 

81a. Orsini reports the following as a 
variety —Bacterium syringae var. capstet 
Orsini. (Intern. Bull. Plant Prot., 33, 
1942, 33.) Pathogenic on the pepper 
plant (Capsicum). 

82. Pseudomonas atrofaciens (McCul¬ 
loch) Stevens. (Bacterium atrofaciens 
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McCulloch. Jour. Agr. Res., 18, 1920, 
549; Phylomonas atrofacicns Bergey ct 
ai., Manual, 1st etl., 1923, 185; Stevens, 
Plant Disease Fungi, New York, 1925,22.) 
From Latin, ater, black; /actens, making, 
referring to the color of the lesion on 
wheat. 

Rods: 0.6 by 1 to 2.7 microns. Long 
chains formed in culture. Capsules 
present. Motile with 1 to 4 polar or bi¬ 
polar flagella. Gram-negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefied. 

Beef-peptone-agar colonies: Circular, 
shining, translucent, white. 

Broth: Grow'th never heavy, slight 
rim, and a delicate pellicle. 

Milk: Becomes alkaline and clears. 

Nitrites not produced from nitrates. 

Indole: Slight production. 

Hydrogen sulfide: Slight production. 

Acid and no gas from glucose, galac¬ 
tose and sucrose. 

Starch is slightly hydrolyzed. 

Optimum temperature 25® to 28®C. 
Maximum 36® to 37®C and minimum be¬ 
low 2®C. 

Aerobic. 

Sources: Isolated from diseased wheat 
grains collected throughout United States 
and Canada. 

Habitat: Causes a basal glume-rot of 
wheat. 

83. Pseudomonas cuminl (Kovacev- 
8ki) Dowson. {Phylomonas cumini Kov- 
acevski, Bull. Soc. Bot. Bulgaric, 7, 1936, 
27; Dowson, Trans. Brit. Mycol. Soc., 
1943, 10.) From Greek cuminum, 
cumin; M.L. Cuminum, a generic name. 

Rods: 0.6 to 0.7 by 1 to 3 microns, oc¬ 
curring in chains and filaments. Motile 
with 1 to 3 polar flagella. Gram-negative. 

Green fluorescent pigment formed in 
culture. 

Gelatin: Rapidly liquefied. 

Potato agar colonies: Grayish-white, 
circular, glistening, smooth, butyrous. 

Broth: Moderate turbidity. Pseudo- 
zoogloea. 


Milk: Not roaguintcti. Casein pep¬ 
tonized. 

Nitrites not produced from nitrates. 

Indole not formed. 

No H 2 S formed. 

-Acid but not gas from glucose and 
sucrose. No acid from lactose or glyc¬ 
erol. Starch not hydrolyzed. 

Temperature range 5®C to 31®C. 

.Aerobic. 

Source: Isolated from blighted cumin 
(Cuminum). 

Habitat: Pathogenic on cumin and dill. 

84. Pseudomonas desaiana (Burk¬ 
holder) comb. nov. (B. pyocyaneus sac- 
charum De.sai, Ind. Jour. Agr. Sci., 5, 
1935, 391; Phytomomas desaiana Burk¬ 
holder, in Bergey et al., Manual, 5th ed., 
1939, 174.) Named for Desai who first 
isolated the species. 

Rods: 0.6 to 1.2 by 1.2 to 2.2 microns. 
Motile with a polar flagellum. Gram- 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefaction. 

Agar colonies: Grayish-blue. Raised. 

Broth: Light clouding. Pellicle. 

Milk: Peptonized without coagulation. 

Nitrites not produced from nitrates. 

Indole not formed. 

Glucose, sucrose, lactose and glycerol 
fermented without gas. 

Starch: Hydrolysis present. 

Optimum temperature 30®C. 

Aerobic. 

Source: Isolated from stinking rot of 
sugar cane in India and associated with a 
white non-pathogcnic bacterium. 

Habitat: Pathogenic on sugar cane, 
Saccharum officinarum. 

85. Pseudomonas erodll Lew is. (Pliy- 
topath., 4, 1914, 231; Bacterium erodii 
Lewis, ibid.', Phylomonas erodii Bergey 
et al., Manual, 3rd ed., 1930, 256.) From 
Greek, erodius, heron; M.L. Erodium, 
a generic name. 

Rods: 0.6 to 0.8 by 1.2 to 1.8 microns. 
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Motile with 1 to 3 polar flagella. Gram- 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefaction. 

Agar stroke: Heavy, smooth, cream- 
colored growth in 24 hours. 

Broth: Dense clouding in 24 hours. 
Milk: Turns alkaline and clears, litmus 
reduced. 

Nitrites not produced from nitrates. 
Indole produced in 14 days. 

No II 2 S produced. 

Acid but not gas from glucose, sucrose, 
lactose and glycerol. 

Temperature: No growth at 35®C. 
Aerobic, obligate. 

Source: Isolations from Erodium fex- 
anum and 4 varieties of Pelargonium. 

Habitat: Causes a leaf spot of Erodium 
iexanum and Pelargonium spp. 

86. Pseudomonas apli dagger, (dagger, 
dour. Agr. Res., 21, 1921, 186; Phyto- 
monos apii Bergey ct al., Manual, 1st ed., 
1923, 184; Pseudomonas jaggeri Stapp, in 
Sorauer, Handbuch der Pflanzenkrank- 
heiten, 2, 5 Aufl., 1928, 210; Bacterium 
jaggeri Elliott, Bacterial Plant Patho¬ 
gens, 1930, 142; Pkylomonas jaggeri 
Magrou, in Handuroy et al., Diet. d. 
Bact. Path., Paris, 1937, 371.) From 
Latin, opium, parsley, M.L. Apium, a 
generic name. 

Description from Clara (Cornell Agr. 
Exp. Sta. Mem. 159, 1934, 24). 

Rods: 0.75 to 1.5 by 1.5 to 3.0 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Green fluorescent pigment produced 
in various media. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Circular, 
glistening, smooth, edges entire. Gray¬ 
ish-white with bluish tinge. 

Broth: Turbid in 36 hours. Pellicle 
formed. 

Milk: Becomes alkaline. No curd. 
Nitrites not produced from nitrates. 
Indole not formed. 


No HiS formed. 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, 
xylose, sucrose, mannitol and glycerol. 
Alkaline reaction from salts of acetic, 
citric, malic and succinic acids. Rham- 
nose, maltose, lactose, raffinose, salicin, 
and formic, lactic and tartaric acid are 
not utilized. 

Starch not hydrolyzed. 

Facultative anaerobe. 

Distinctive characters: Pathogenicity 
appears limited to celery. 

Source: Jagger isolated this repeatedly 
from diseased celery leaves. 

Habitat: Pathogenic on celery, Apium 
graveolens. 

87. Pseudomonas matthiolae (Briosi 
and Pavarino) Dowson. {Bacterium mat- 
tkiolae Briosi and Pavarino, Atti della 
Reale Accad. dei Lincei Rend., 21, 1912, 
216; Phytomonas jnalthiolae, Bergey et 
al., Manual, 3rd ed., 1930, 266; Mushin, 
Proc. Roy. Soc. Victoria, 63, 1941, 201; 
Dowson, Trans. Brit. Mycol. Soc., 26, 
1943, 10.) From M.L. Matthiola, a 
generic name. 

Rods: 0.4 to 0.6 by 2 to 4 microns. 
Gram-positive. Gram-negative (Mush¬ 
in, loc. cit.). 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefied. 

Beef agar colonies: White, circular 
colonies, slightly elevated, margins 
smooth. 

Broth: Slightly turbid. Becomes pale 
green. 

Milk: Coagulation with acid react on. 
Nitrites produced from nitrates 
(Mushin). 

Hydrogen sulfide not formed. 

Acid from glucose, galactose, fructose, 
mannose, rhamnose, glycerol, mannitol, 
acetic acid, citric acid, formic acid, lactic 
acid, malic acid, and succinic acid. 
Feeble acid in maltose. No acid, no gas 
in lactose, sucrose, raffinose, starch, 
salicin, and tartaric acid (Mushin). 
Optimum temperature 20 to 24'*C. 
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Maximum temperature 38.5 C. Mini¬ 
mum below 0®C. (Mushin). 

Limits of growth in broth are pH 4.4 
to pH 9.5 (Mushin). 

Aerobic. 

Source: Isolated from vascular and 
parenchymatic disease of stocks, 
tkiola incana var. annua. 

Habitat: Pathogenic on stocks. 

Note: Burkholder (Phytopath., S8, 
1938, 936) and Santarelli (Rev. di Pa'. 
Veg., S9, 1939, 364) consider this species 
a synonym of Pseudomonas syringae. 
Adam and Pugsley (Jour. Dept. Agric. 
Victoria, S2, 1934, 306) give a descrip¬ 
tion of a green fluorescent pathogen on 
stocks which is similar to Pseudomonas 
syringae, Mushin {loc. cit.) considers 
Pseudomonas malihiolae to be a distinct 
species. 


88. Pseudomonas mors*prunorum 
Wormald. (Jour. Pom. and Hort. Sci., 
1931, 251; Phytomonas mors-prunorum 
Wormald, Trans. Brit. Mycol. Soc., 17, 
1932, 169; Bacterium mors-prunorum, 
ibid.) From L. mors, death; prunus, 
plums. 


Rods; Motile with a polar flagellum. 
Gram-positive (1931). Gram-negative 
(1932). 


Note: Possibly a green fluorescent or¬ 
ganism since it produces a faint yellow 
color in TJschinsky’s solution. 

Gelatin: Liquefaction. 

Agar colonies: White. 

Broth plus 5 per cent sucrose: White 
ftnd cloudy. 

Nitrites not produced from nitrates. 
Acid but not gas from glucose, lactose, 
sucrose and glycerol. 

Starch not hydrolyzed. 

Strict aerobe. 

Distinctive characters: Differs from 
Pseudomonas prunicola (Pseudomonas 

syringae) in that it produces a white 
cloudy growth in broth plus 6 per cent 


sucrose; a rapid acid production in nu¬ 
trient agar plus 5 per cent sucrose, and a 
faint yellow or no color in Uschinsky’s 

solution. 
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Source: Isolated from cankers on plum 
trees in England. 

Habitat: Pathogenic on Prunus spp. 

89. Pseudomonas rlmaefaciens Koning. 
(Chron. Bot., 4, 1938,11; Meded. Phytop. 
Labor, Willie Comm. Scholt., 14 , 1938, 
24.) From L. rima, fissure; faciens, pro¬ 
ducing. 

Rods; 0.6 to 2.4 microns in length. 
Motile with 1 to 3 polar flagella. Gram¬ 
negative. 

Yellow-green fluorescent water-soluble 
pigment produced in culture. 

Gelatin: Liquified. 

Agar colonies: Round, convex, smooth, 
somewhat granular with hyaline edge. 

Broth: Turbid. Surface growth with 
a sediment in a few days. 

Milk: Alkaline and clears. 

Nitrites not produced from nitrates. 
Peptone, asparagin, urea, gelatin, ni¬ 
trates and ammonia salts are sources of 
nitrogen. 

Hydrogen sulfide not produced. 

Indole production slight. 

Growth with the following carbon 
sources plus NOj, glucose, sucrose, 
glycerol, succinates, malates, citrates 
and oxalates. Less growth with manni¬ 
tol, fructose, galactose, lactose, salicy¬ 
late. Acid is produced from the sugars. 
No growth with dextrin, inulin, maltose, 
lactose, rhamnose, salicin, tartrates, 
acetates, formates. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. Maxi¬ 
mum about 37®C. Very slow growth at 
14®C. Thermal death point 42“ to 48“C. 

Source: Strains of the pathogen iso- 
ated from poplar cankers in France and 
in the Netherlands. 

Habitat: Pathogenic on Populus bra- 
banlica, P. trichocarpa and P. candicans. 

This may be Pseudomonas syringae 
since the characters are the same and 
both organisms can infect Impatiens sp. 
Pseudomonas syringae infects poplars 
(Elliott, Bacterial Plant Pathogens, 
1930, 218). 
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90. Pseudomonas papulans Rose. 
(Rose, Phytopath., 7, 1917, 198; Phylo- 
7nonas papulans Bergey et al., Manual, 
3rd ed., 1930, 267; Bacterium papulans 
Elliott, Bacterial Plant Pathogens, 1930, 
175; Phyiomonas syringac var. papulans 
Smith, Jour. Agr. Res., 6'S, 19-14, 294.) 
From L. papulans, forming blisters. 

Rods: 0.6 by 0.9 to 2.3 microns. Motile 
with 1 to 6 polar flagella. Gram-nega¬ 
tive. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefied. 

Broth: Moderate turbidity in 24 hours. 
Milk: Alkaline and at times a soft 
coagulum. 

Nitrites not produced from nitrates. 
Indole: May or may not be produced. 
Acid but not gas formed from glucose 
and sucrose. 

Optimum temperature 25® to 28®C. 
Maximum 37°C. 

Source: Twenty-five cultures isolated 
from blisters on apples and from rough 
bark. 

Habitat: Pathogenic on apple trees. 

91. Pseudomonas pseudozoogloeae 
(Honing) Stapp. {Bacterium pseudo^ 
zoogloeae Honing, Bull, van Het. Deli 
Proefstation, Medan, 1, 1914, 7; Stapp, 
in Sorauer, Handbuch der Pflanzen- 
krankheiten, 2, 5 Auf., 1928, 274; Phyto- 
monas pseudozoogloeae Bergey et al., 
3rd ed., 1930, 261.) From Gr., pseudo, 
false; M. L. zoogloea, zooglea. 

Rods:0.7 to 1.5 by 0.9 to 2.5 microns. 
Chains. Motile with 1 or 2 polar flagella. 
Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar colonies: Round, flat, yellow- 
gray. 

Broth: Moderate turbidity with pseu- 
dozoogloea in the pellicle. 

Milk: Coagulation. No clearing. 
Nitrites not produced from nitrates. 
Indole not formed. 

Hydrogen sulfide produced. 


Acid but not gas from glucose, lactose, 
maltose, sucrose and mannitol. 

Facultative anaerobe. 

Source: Isolated from the black rust 
of tobacco. 

Habitat: Pathogenic on tobacco, 

Nicotiana labacum. 

'.t2. Pseudomonas tabaci (Wolf and 
Foster) Stevens. {Bacterium tabacum 
Wolf and Foster, Science, 1917, 362; 
also Jour. Agr. Res., 12, 1918, 449; Phyto- 
monas tabaci Bergey et al., Manual, 1st 
ed., 1923, 185; Stevens, Plant Disease 
Fungi, New York, 1925, 34.) From 
Xicotiana tabacum, tobacco. 

Rods: 1.2 by 3.3 microns. Motile with 
a polar flagellum. Gram-negative. 

Gelatin: Liquefaction. 

Potato agar colonies: Grayish-white, 
circular, raised, wet-shining, smooth. 

Milk: Alkaline; clears. 

Nitrites not produced from nitrates. 

Indole not formed. 

Acid from glucose, galactose, fructose, 
l-arabinose, xylose, sucrose, pectin, man¬ 
nitol and glycerol (Braun, Phytopath., 

27, 1937,289). 

Ammonium sulfate, potassium nitrate, 
cystine, glutamic acid, glycine, succin- 
imide, oxamide, acetamide, and urea can 
be used as nitrogen source (Braun). 

Starch not hydrolyzed. Aerobic. 

Distinctive character: Braun {loc. cit.) 
states that Pseudomonas tabaci and Pseu¬ 
domonas angulata are identical in culture. 

Source: Isolated from wildfire lesions 
on tobacco leaves in North Carolina. 

Habitat: Pathogenic on tobacco, Nico- 
liana tabacum. 

93. Pseudomonas lapsa (Ark) Burk¬ 
holder. {Phytomonas lapsa Ark, Phyto¬ 
path., SO, 1940, 1; Burkholder, ibid., SS, 
1942, 601.) From Latin, lapsus, falling, 
referring to a symptom of the disease. 

Rods: 0.56 by 1.55 microns. Motile 
with 1 to 4 polar flagella. 

Produces fluorescence in Uschinsky s 
Fermi’s, and Cohn’s solutions. 
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Gelatin: Liqueaed (Burkholder). 

Acid but no gas is produced from 
glucose, sucrose, maltose, lactose, glj'c- 
erine, arabinose, xylose, galactose, raf- 
hnose and mannitol. 

Slight growth in broth plus 5 per cent 
salt (Burkholder). 

Source: Isolated from stalk rot of Held 

corn in California; also from Diahrolica 
beetles. 

Habitat: Pathogenic on corn and sugar 
cane. 

Note; Like Pseudomonas desiana. 

94. Pseudomonas bowlesiae (Lewis 

and Watson) Dowson. {Phylonionas 

howlesii Lewis and Watson, Phytopath., 

17, 1927, 511; Bacterium howlesii Elliott, 

Bacterial Plant Pathogens, 1930, 90; 

Dowson, Trans. Brit. Mycol. Soc., 26, 

1943,9.) From M. L. Bowlesia, a generic 
name. 

Rods: 0.5 to 0.7 by 1.2 to 1.6 microns, 
occurring singly, in pairs or in short 
chains. Motile with bipolar flagella. 

Gram-negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefied. 

Agar slants; Yellowish, moist, glisten¬ 
ing and viscid. 

Broth: Uniform turbidity throughout. 
Heavy viscous sediment in old cultures. 
Milk: Alkaline; coagulation, with a 

slow peptonization. 

Nitrites are produced from nitrates. 
Indole is produced. 

Hydrogen sulfide is produced. 

Acid from glucose, maltose and xylose. 
No acid from sucrose. 

Optimum temperature 27“C. Maxi¬ 
mum 37®C. Minimum —1®C. 

Optimum pll 7.2. pH range 4.5 to 8.6. 

Aerobic. 

Source: Isolated from diseased, water 
soaked spots of bowlesia. 

Habitat: Pathogenic on Bowlesia sep- 
lenlrionalis, 

96. Pseudomonas intybi (Swingle) 
(Phylomonas intybi Swingle, 


Phytopath., 15, 1925, 730; Stapp, in Sor- 
aurer, Ilandbucli der Pllanzenkrank- 
heiten, 2, 5 Auf., 1928, 291; Bacterium 
intybi Elliott, Bacterial Plant Patiiogciis, 
1930, 142.) From Latin, iniibus, endive. 

Description from Stapp, Cent. f. Bakt., 
II Abt.,5/, 1935, 232. 

Rods; 0.4 to 0.5 by 1.4 to 2.8 microns. 
Motile with one to several polar flagella. 
Gram-negative. 

Green fluorescent pigment formed in 
culture. 

Gelatin: Liquefaction. 

Agar colonies: White, glistening, trans¬ 
parent. 

Broth: Turbid with fragile pellicle, 
and good sediment. 

Milk: Coagulated. Casein not pep¬ 
tonized. 

Nitrites are produced from nitrates 
with the formation of gas. 

Indole not formed. 

Acid but not gas from arabinose, xylose 
and glucose. No acid from sucrose. 

Optimum temperature 23® to 28®C. 
Maximum 40® to 42®C. Minimum 0°C. 

Distinctive character: Differs from 
Pseudomonas cichorii in that it liquefies 
gelatin and produces nitrites from ni¬ 
trates. 

Source: Isolated from French endive, 
Cichorium intybus by Swingle, from C. 
endiva and lettuce, Lactuca saliva by 
Stapp. 

Habitat: Pathogenic on endive and let¬ 
tuce. causing a rot. 

96. Pseudomonas marginalis (Brown) 
Stevens. {Bacterium marginals Brown, 
Jour. Agr. Res., 13, 1918,386; Phylomonas 
marginalis Bergey ct ai.. Manual, 1st ed., 
1923, 182; Stevens, Plant Disease Fungi, 
New York, 1925, 30.) From Latin, margo 
{marginis), edge, margin; M.L. mar¬ 
ginalis, on the margin, a character of the 
disease. 

Description from Brown {loc. cit.) and 
Clara (Cornell Agr. Exp. Sta. Mem. 159, 
1934, 27). 

Rods: Motile with 1 to 3 polar flagella. 
Gram-negative. 
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Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar colonies: Cream-colored to yel¬ 
lowish. 

Broth: Turbid, with pellicle. 

Milk: Alkaline. Soft curd at times. 

Nitrites are produced from nitrates. 
Not produced (Clara, loc. cit.). 

Indole not produced. 

No HjS produced. 

.Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinosc, xylose, 
rhamnose, mannitol and glycerol. Al¬ 
kali from salts of acetic, citric, malic, 
formic, lactic, succinic and tartaric acid. 
Sucrose, maltose, lactose, raffinose and 
salicin not fermented (Clara, loc. cil.). 

Starch hydrolysis feeble. None (Clara, 
loc. cil.). 

Optimum temperature 25® to 26®C. 
Maximum 38°C. Minimum 0®C. 

Aerobic. 

Source: Isolated from marginal lesion 
on lettuce from Kansas. 

Habitat: Pathogenic on lettuce and 
related plants. 

97. Pseudomonas setariae (Okabe) 
comb. nov. (Baclerium setariae Okabe, 
Jour. Soc. Trop. Agr. Formosa, 6, 1934, 
63; Phytomonas setariae Burkholder, in 
Bergey, Manual, 5th ed., 1939, 183.) 
From L.sefa, bristle; -anus, like; M. L. 
Setaria, a generic name. 

Rods: 0.4 to 0.8 by 1.8 to 4.4 microns. 
Motile with a polar, seldom bipolar, flagel¬ 
lum. Gram-negative. 

Yellowish water-soluble pigment pro¬ 
duced in culture. 

Gelatin: Slow liquefaction. 

Beef-extract agar colonies: Circular, 
white, opalescent, smooth, glistening. 

Broth: Turbid after 18 hours. Pel¬ 
licle. 

Milk: Alkaline; clears. 

Nitrites are produced from nitrates. 

Indole is produced. 

No HiS produced. 

Acid but not gas from glucose, galac¬ 


tose and glycerol. No acid from lactose, 
maltose or sucrose. 

Starch: Feeble hydrolysis. 

Grows in 3 per cent salt. 

Optimum temperature 31® to 34°C. 
Maximum 42®C. 

Aerobic. 

Source: Isolated from brown stripe of 
Italian millet. 

Habitat: Pathogenic on Italian millet, 
Setaria italica. 

98. Pseudomonas polycolor Clara. 
(Clara, Phytopath., W, 1930, 704; Phyio- 
monas polycolor Clara, ibid.^ Bacterium 
polycolor Burgwitz, Phytopathogenic 
Bacteria, Leningrad, 1935, 148.) From 
Gr. poly, many; L. color, color. 

Note: Delacroix (Comp. rend. Acad. 
Sci., Paris, 1S7, 1903, 454) describes 
Bacillus aerogenosns as being a tobacco 
pathogen. The organism described by 
Delacroix might be the same as Pseudo^ 
monos polycolor. Braun and Elrod 
(Jour. Bact., 45, 1942, 40) are of the 
opinion that Clara’s pathogen is Pseudo¬ 
monas aeruginosa. 

Description taken from Clara (Ornell 
Agr. Exp. Sta. Mem. 159, 1934, 28). 

Rods: 0.75 to 1.2 by 1.05 to 3.0 microns. 
Motile with I or 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Grayish- 
white, circular, raised, thin transparent 
margins. 

Broth: Turbid in 36 hours with thin 
pellicle. 

Milk: Alkaline; no curd. 

Nitrites not produced from nitrates. 

Indole not produced. 

No HiS produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 5£, 1942, 601). 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, xy¬ 
lose, mannitol and glycerol. Alkaline 
reaction from salts of acetic, citric, malic, 
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lactic and formic acid. Rhamnose, su¬ 
crose, maltose, lactose, raffinose and sali- 
cin not fermented. 

Starch not hydrolyzed. 

Facultative anaerobe. 

Good growth in broth plus 7 per cent 
salt. 

Optimum temperature 25® to 30°C. 
Maximum 37® to 39®C. 

Distinctive character: Differs from 
Fseudomonas mellea in type of lesion pro¬ 
duced, does not digest starch, nor reduce 
nitrates and does not form acid from lac¬ 
tose nor sucrose. Pathogenic for labora¬ 
tory animals (Elrod and Braun, Sci. 91, 
1941, 520). 

Source: Repeatedly isolated from leaf 
spot of tobacco in the Philippines. 
Habitat: Pathogenic on tobacco. 

99. Pseudomonas viridiflava (Burk¬ 
holder) Clara. {Phytomonas viridiflava 
Burkh., Cornell Agr. Exp. Sta. Mem. 127, 
1930, 03; Clara, Science, 75, 1934, 111; 
PdcUrium viridiflavum Burgwitz, Phyto- 
pathogenic Bacteria, Leningrad, 1935, 

127.) From Latin cirtdis, green; 
yellow. 

Description from Clara (Cornell Agr. 
Exp. Sta. Mem. 139,1934, 30). 

Rods: 0.75 to 1.5 by 1.5 to 3.15 microns. 
Motile with 1 or 2 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced in 

culture. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Grayish- 

white, margins corrugated, edges irregu¬ 
lar. 

Broth: Turbid in 36 hours. 

Milk: Becomes alkaline and clears. 
Nitrites not produced from nitrates. 
Indole not formed. 

No H*S produced. 

Not lipolytic (Starr and Burkholder, 
Phytopath., S2, 1942, 601). 

Acid but not gas from glucose, fruc- 
foae, mannose, arabinosc, xylose, manni¬ 
tol and glycerol. Alkaline reaction from 
salts of acetic, citric, malic, lactic and 


succinic acids. Sucrose, lactose, mal¬ 
tose, raffinose, salicin, and salts of formic 
and tartaric acids not fermented. 

Starch: No hydrolysis. 

Growth in broth plus 5 per cent NaCl. 
Facultative anaerobe. 

Source: Two cultures isolated from 
spotted beans, one from England and 
one from Switzerland. 

Habitat: Pathogenic on bean, Phaseo- 
Ins vulgaris. 

99a. Pseudomonas viridiflava var. con- 
centrica (Petersen) comb. nov. {Phyto- 
monas viridiflava var. concenlrica Peter¬ 
sen, Tridsskr. f. Plantcavl., S8, 1932, 851; 
Bacterium viridiflavum var. concenlricum 
Burgwitz, Phytopathogenic Bacteria, 
Leningrad, 1935, 127.) From M. L. 
concentricus, concentric, referring to 
the rings on tlie colonics. 

Distinctive characters: Differs from 
Pseudomonas viridiflava in that it does 
not grow in Uschinsky’s solution, and also 
in the shape of the colonies. 

Source: Isolated from the stems and 
leaves of blighted beans in Denmark. 

Habitat: Pathogenic on the bean, 

Phaseolus vulgaris. 

100. Pseudomonas ananas Serrano. 
(Serrano, Philipp. Jour. Sci., 55, 1934, 
355; Phylomonas ananas and Bacterium 
ananas Serrano, ibid, (not to be con¬ 
fused with Erwinia ananas Serrano, 
ibid., 36, 1928, 271); Bacterium serranoi 
Burgwitz, Bact. Dis. of Plants, Lenin¬ 
grad, 1936.) From Brazilian Indian, 
ananas, pineapple; M.L. Ananas, generic 
name. 

Rods: 0.6 by 1.8 microns. Motile with 
1 to 4 polar flagella. Gram-negative. 

Green fluorescent pigment produced 
in certain media. 

Gelatin: Liquefied. 

Beef-extract glucose agar colonies: 
White, with undulating edges, smooth to 
rugose, glistening to dull. 

Beef-extract agar: Growth scant. 

Broth: Feeble growth. 
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Milk: Becomes alkaline with curd. 
Nitrites not j)ro(luoe(l from nitrates. 
Iiidoh' not formed. 

Xo IBS formed. 

Acid but not pas from glucose, xylose 
and mannitol. Feeble with lactose. Xo 
acid with sucrose. 

Starch not hydrolyzed. 

Optimum temperature 30“ to 31“C. 
Maximum 45“C. Minimum V to I0“C. 
Aerobic. 

Habitat: Causes a rot of pineapples, 
Ananas comosus. 

101. Pseudomonas ligustri (d’Oliveira) 
conj6. nov. {Bacterium ligustri d’OIi- 
veira, Revista Agron., 24, 1936, 434.) 
From L. ligustrum, privet; M. L. Ligus- 
trum, a generic name. 

Rods : 0.5 to 0.7 by 1.3 to 3 microns. 
No chains. No capsules. Motile with 
2 to 5 polar flagella. Gram-negative. 

Green pigment produced on Dox agar, 
and in broth. 

Gelatin: Liquefied. 

Beef-extract agar colonies: Growth 
moderate. Milky white, circular, convex. 

Broth: Turbid in 24 hours. No pel¬ 
licle. 

Milk: Coagulated in 6 days, and later 
digested. Litmus slightly acid. 

Nitrites not produced from nitrates. 
Indole not produced. 

Ammonia not produced. 

No gas from carbohydrates. Acid from 
glucose, galactose, arabinose and man¬ 
nose. No acid from sucrose, maltose, 
lactose, raffinosc, mannitol and salicin. 

Source: From diseased Japanese privet 
in Lisbon, Portugal. 

Habitat: Pathogenic on privet, Ligus¬ 
trum japonicum. 

102. Pseudomonas sesami Malkoff. 
(Malkoff, Cent. f. Bakt., II Abt., 16, 
1906, 665; Bacterium sesami Nakata, 
Ann. Phyt. Soc. Japan, 8, 1930, 242; 
Pkytomonas sesami Kovachersky, Ann. 
Univ. de Sofia, Fac. Agron., 8, 1930, 4fr4.) 
From Gr. sesamum, sesame; M. L. Sesa- 
mum, a generic name. 


Synonym: Nakata {loc. cil.) lists Bac~ 
terium sesamicola Takimoto, Jour. Plant 
Protect. Tokyo, S, 1927, 433 {Phylo- 
mo7ias sesamicola Magrou, in Hauduroy 
et al., Diet. d. Bact. Path., 1937, 412). 

Description from Nakata {loc. cit.). 

Rods; 0.6 to 0.8 by 1.2 to 3.8 microns. 
Motile with 2 to 5 polar flagella. Gram- 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction rapid. 

Beef-agar colonies: Circular, flat, stri¬ 
ate, smooth, entire margins, white. 

Broth: Growth rapid. No pellicle. 

Milk: Alkaline. No coagulation. 

Nitrites not produced from nitrates. 

Indole not produced. 

No IDS produced. 

Acid but not gas from glucose. No 
acid from lactose, sucrose or glycerol. 

Starch not hydrolyzed. 

Optimum temperature 30“C. Maxi¬ 
mum 35“C. Minimum 0“C. 

Facultative anaerobe. 

Source: Isolated from brown spots on 
leaves and stems of sesame. 

Habitat: Pathogenic on sesame. 

103. Pseudomonas tolaasii Paine. 
(Paine, Ann. Appl. Biol., 5, 1919, 210; 
Phytomonas tolaasi Bergey et al., Man 
ual, 3rd ed., 1930, 259; Bacterium tolaasi 
Elliott, Bacterial Plant Pathogens, 1930, 
226.) Named for A. G. Tolaas who first 
reported the species. 

Rods; 0.4 to 0.5 by 0.9 to 1.7 microns. 
Motile with 1 to 5 polar flagella. Gram- 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin; Liquefaction. 

Bouillon agar: Streak develops in 24 
hours, dirty bluish-white, wet-shining 
and slightly raised. 

Broth: Turbid in 24 hours. Pellicle. 

Alilk: Becomes alkaline and clears. 

Nitrites not produced from nitrates. 

Indole production slight. 

Acid but not gas from glucose. No 
acid from lactose or sucrose. 
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Starch hydrolysis feehle. 

Optimum tcmporaturo 25°C. 

Source: Isolated in England from 

brown-spot of cultivated mushrooms. 

Habitat: Pathogenic on cultivated 

■mushrooms. 

104. Pseudomonas xanthochlora 

'(Schuster) Stapp. (Baclcrinm xantho- 
'chlorum Schuster, Arbeit, a. d. Kaiserl. 
Biolog. Anstalt. f. Land. u. Forstw., 8, 
11912, 452; Phylomonas xanthochlora Ber- 
■gey et ah, Manual, 1st ed., 1923, 180; 
Stapp, in Sorauer, Handbuch dcr Pflan- 
aenkrankheiten, 2, 5 Auf., 1928, 213.) 
From Gr. xanthus, yellow; chlorus, green. 

Description from Erw. Smith, Bacteria 
inJlcl. to Plant Dis., 3, 1914, 272. 

Bods: 0.75 to 1.5 by 3.0 microns. Mo¬ 
tile with 1 to 3 flagella. Gram-negative. 

'Green fluorescent pigment prodiiced in 
*cu'lturc. 

Gelatin: Slow liquefaction. 

Agar colonies: Circular, slightly raised, 

yellow-white. 

Broth: Strong clouding in 24 hour.-?. 
A white pellicle. 

Milk: Slow coagulation and clearing. 

Nitrites are produced from nitrates. 

Indole is produced after 10 days. 

Hydrogen sulfide produced slowly. 

Acid but not gas from glucose and 
galactose. 

Optimum tcmpierature 27®C. Maxi- 
iimnflii 44°C. Minimum 2^C. 

Bonjrce: Isolated from rotting potato 
itUbere in Germany. 

Habitat: Pathogenic on potato tubers 
.-aiitd a number of unrelated plants. 

105. Pseudomonas rhizoctonia (Thom¬ 
as) eamb. nov. (Aplanobacter rhizoctonia 
Thomas, Ohio Agr. Exp. Sta. Bull. 359, 
1922, 211; Bacterium rhizoctonia Stapp, 
in Sorauer, Handbuch der Pflanzenkrank- 
heiten, 2, 5 Auf., 1928, 290; Pkytomonan 
.rhizoctonia Burkholder, Phytopath., 20, 
Il'930, 7.) From Gr. rhizo, root; clonus, 
imwder. 

iBods : 0.5 to 0.85 by 1.4 to 1.9 microns. 
Nw-naotilc. Gram-negative. 


Green fluorescent pigment produred in 
culture. 

Gelatin: Liquefaction. 

Nutrient agar colonies: Greeni.sh-yel- 
low, later olive-bufl’, circular, raised, 
slightly viscid. 

Broth: Turbid, pyrite yellow. 

Milk: Alkaline; clears. 

Nitrites are produced from nitrates. 

Indole reaction very slight. 

No H;S formed. 

Starclr: Potato starch slightly hy¬ 
drolyzed. 

Growth in 8 per cent Sidt. 

Optimum temperature 25® to 27'’C. 
Maximum 3S°C. Minimum (PC. 

Source: Isolated from roots of lettuce 
showing the rosette disease. 

Habitat: Pathogenic on roots of let¬ 
tuce. 

106. Pseudomonas barker! (Borridge) 
Clara. (Bacillus of pear blossom dis¬ 
ease, Barker and Grove, Ann. .\ppl. Biol., 
/, 1914, 94; Barker and Grove’s organism, 
Doidge, Ann. Appl. Biol., 4, 1917, 50; 
B. barkcri Berridge, Ann. Appl. Biol., 
11, 1924, 73; Phytomonas barkeri Borgey 
et al.. Manual, 3rd ed., 1930, 265; Bac¬ 
terium barkeri Elliott, Bacterial Plant 
Pathogens, 1930, 95; Clara, Science, 75, 
1034, 11.) Named for B. T. P. Barker 
who first reported the species. 

Description from Doidge (toe. cil.). 

Hods: 0.5 to 0.8 by 2 to 4 microns. 
.Motile with 1 to 4 polar flagella. Gram- 
negative (Burkholder), not Gram-posi¬ 
tive as stated. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Liquefaction. 

Agar: Growth is white, feeble, flat, 
glistening, smooth edged. 

Broth: Slightly turbid in 21 hours. 

Milk: Slowly cleared. 

Nitrites not produced from nitrates. 

Indole not formed unless culture 
warmed. 

Starch slowly tiigested. 

Source: Barker made many cultures 
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from blighted pear blossoms. Doidge 
received a culture from Barker. 

Habitat: Causes a blossom blight of 
pear. 

107. Pseudomonas gladioli Severini. 
(Severini, Annali d. Bot., Rome, II, 
1913, 420; Bacterium gladioli Elliott, 
Bact. Plant Pathogens, 1930, 132; Phylo- 
monas gladioli Magrou, in Hauduroy et 
al.. Diet. d. Bact. Path., Paris, 1937, 
35G.) From L. gladiolus, a little sword;' 
M. L. Gfad/oh/5, a generic name. 

Rods: 0.6 by 2.3 to 2.8 microns. Mo¬ 
tile with one or more polar flagella. 
Gram-negative. 

A pale yellow water-soluble pigment 
found, later orange. 

Gelatin colonies: Cream-colored, w’art- 
like. Rapid liquefaction. 

Milk: Coagulated and slowly pep¬ 
tonized. 

Nitrites not produced from nitrates. 
Indole not formed. 

No gas. 

Aerobic. 

Optimum temperature 28” to 30®C. 
Habitat: Causes a corm rot of gladiolus 
and other tubers. 

108. Pseudomonas mellea Johnson. 
{Bacterium melleum Johnson, Jour. Agr. 
Res., $3, 1923,489; Johnson, loc. cit., 489; 
Phytomonas mellea Bcrgey et al., Manual, 
3rd ed., 1930, 254.) From L. melleus, of 
or belonging to honey, the color of the 
colonics. 

Rods: 0.6 by 1.8 microns. Capsules. 
Motile with 1 to 7 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: Liquefled. 

Potato - glucose agar: Abundant 
growth, smooth, glistening, viscid, honey- 
colored. 

Broth: Turbid in 24 hours. Pellicle. 
Milk: Alkaline; clears. 

Nitrites not produced from nitrates. 
Indole not formed. 


No H-S formed. 

Starch hydrolysis feeble. 

Growth inhibited by 4 per cent salt. 

Optimum temperature, 26® to 28®C. 
Maximum 36®C. 

Facultative anaerobe. 

Distinctive character: Differs from 
Pseudomonas pseudozoogloeae in that it 
produces on tobacco a brown instead of a 
black spot with a halo, is orange-yellow 
in culture, and turns milk alkaline. 

Source: Isolated from brown rusty 
spots on tobacco in Wisconsin. 

Habitat: Pathogenic on leaves of to¬ 
bacco, Nicoliana tabacum. 

109. Pseudomonas betlis (Raguna- 
than) comb. nov. (Bacterium belle 
Ragunathan, Ann. Roy. Card., Pera- 
deniya, Ceylon, 11, 1928, 51; Aplanobac- 
ter belle Elliott, Bact. Plant Pathogens, 
1930, 4; Phytomonas betlis Magrou, in 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 337.) From Malayan, belle, 
betel, a kind of pepper. Piper belle. 

Rods: 0.5 by 1.5 to 2.5 microns, occur¬ 
ring singly or in short chains. Non- 
motile. Gram-negative. 

Green pigment formed in nutrient gela¬ 
tin and in broth. 

Gelatin: Liquefaction. 

Bovril agar colonies: Honey-yellow, 
circular at first, later echinulate. Raised, 
smooth and shiny. 

Broth: Surface becomes cloudy in 2 
days. Pellicle. 

No gas from lactose, maltose or sucrose. 

Starch is reduced. 

Aerobic. 

Source: Five cultures isolated from 
leaf spots on the betel vine. 

Habitat: Pathogenic on the betel vine,. 
Piper belle. 

110. Pseudomonas panacis (Takimoto)' 
Dowson. (Bacierium panaxi Nakata 
and Takimoto, Bui. Agr. Sta. Chosen, 5, 
1922, 1; Phylomonas panaxi Magrou, in. 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 389; Dowson, Trans. Brit- 
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Mycol. Soc., 26, 1943, 10.) From Gr. 
panax {pankU), a plant hcal-all; M. L. 
Panax, a generic name. 

Description from Elliott, Bact. Plant 
Pathogens, 1930, 173. 

Rods: 0.5 by 1.3 to 1.5 microns. Chains. 
Motile with 4 to 6 polar flagella. Gram- 
negative. 

Green fluorescent pigment prothiccd 
in culture. 

Gelatin: Slight liquefaction. 

Agar colonies: White. 

Milk: Coagulated, 

No gas from sugars. 

Habitat: Causes a root rot of ginseng, 
Panax qninqucfolium. 

111. Pseudomonas aleuritidis (McCul¬ 
loch and Dcraaree) Stapp. {Bacterium 
aleuritidis McCulloch and Demaree, 
Jour. Agr. Res., 4S, 1932, 339; Stapp, Bot. 
Rev,, 1, 1935, 408; Phytomonas aleurili- 
dis Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., Paris, 1937, 328.) From 
Gr. aleurites, of unbeaten flour; M. L. 
Aleurites, generic name. 

Rods: 0.6 to 0.7 by 1.1 to 3 microns. 
Motile w'ith 1 to 5 polar, rarely bipolar, 
flagella. Capsules present. Gram-nega¬ 
tive. 

Green fluorescent pigment produced 
in certain media. 

Gelatin: Not liquefied. 

Beef agar slants: Growth is thin, white 
and viscid. 

Broth: A heavy white surface growth 
In 24 hours. Sediment. 

Milk: Becomes alkaline, but no sep¬ 
aration. 

Nitrites arc produced from nitrates. 

Indole test feebly positive. 

Hydrogen sulfide test feebly positive. 

Acid but no gas from glucose, galac¬ 
tose and glycerol. Slow acid production 
from sucrose, maltose and lactose. 

Starch hydrolysis feeble. 

Optimum temperature 27® to 28®C. 
Maximum temperature 37®C. 

Optimum pH 6.2 to 6.8. pH range 5.4 
to 8.9. 


Source: Isolations from naturally in¬ 
fected tung oil trees in Georgia. 

Habitat: Pathogenic on the tung oil 
tree fordi), on tl.e lean 

(Phascolus vulgaris) and the ca.stor bean 
{Ridnus comrnimis). 

112. Pseudomonas glycinea Coerper. 
{Bacterium glycineum Coerper, Jour. 
Agric. Research, 18, 1919, 188; Coer¬ 
per, loc. cit., 188; Phytomonas glycinea 
Burkholder, Phytopath., IG, 1926, 022.) 
From glycys, sweet; ine, like; M.L. 
Glycine, generic name. 

Synonym: Bacterium sojae Wolf, Phy¬ 
topath., 10, 1920, 132 {Phytomonas sojae 
Burkholder, Phytopath., 16, 1926, 922; 
Pseudomonas sojae Stapp, in Sorauer, 
Handb. d. Pfianzenkrankheiten, 2, 5 
Aufl., 1928, 174). Sec Elliott, Bact. 
Plant Pathogens, 1930, 134; and Shunk 
and Wolf, Phytopath., 11, 1921, 18. 

Rods: 1.2 to 1.5 by 2.3 to 3 microns. 
Motile with polar flagella. Gram-nega¬ 
tive. 

Green fluorescent j)igment produced in 
culture. 

Gelatin: Not liquefied. 

Beef-peptone agar colonics: Appear 
in 24 hours. Circular, creamy wliitc, 
smooth, shining and convex. Margins 
entire. Butyrous in consistency. 

Milk: Litmus turns blue and later a 
separation of the milk occurs. Casein not 
digested. 

Nitrites not produced from nitrates. 

Indole test feebly positive. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 601). 

Starch not hydrolyzed. 

Acid from glucose and sucrose. 

Optimum temperature 24® to 26®C, 
Maximum 35®C. Minimum 2®C, 

Facultative anaerobe. 

Source: A number of cultures isolated 
from soy beans in Wisconsin. 

Habitat: Pathogenic on soybean, Gly¬ 
cine max {Soja max). 

112a. Pseudomonas glycinea var. 
japonica (Takimoto) comb. nov. {Bac- 
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lerium soyae var. japonicutn Takimoto, 
Jour. Plant Protect. Tokyo, 14, 1927, 
556; Bacterium ghjcineum var. japonicum 
Elliott, Bact. Plant Pathogens, 1930, 136; 
Fhylomonas glycinca var. japonica Mu- 
grou, in Ilauduroy et al., Diet. d. Bact. 
Path., Paris, 1937, 358.) From M. L. 
Japanic us, Japanese. 

Distinctive characters: Differs slightly 
from Pseudomonas ^/yemea in size of cell, 
length of chains, action in milk, and color 
in media. Okabe (Jour. Soc. Trop. 
Agr., Formosa, 5, 1933, 162) gives a de¬ 
scription of the organism which loads one 
to believe the differences are not great 
enough to be varietal. 

Source: Isolated from leaf spots on soy 
bean in Formosa. 

Habitat: Pathogenic on soy bean. Gly¬ 
cine 7nax, 

113. Pseudomonas savastanol (Erw. 
Smith) Stevens. {Bacterium savastanoi 
Erw. Smith, U. S. Dept. Agr. Plant Ind. 
Bull. 131, 1908, 31; Stevens, The Fungi 
which Cause Plant Diseases. 1913, 33; 
Phylomonas savastanoi Bergey et al., 
Manual, 1st ed., 1923, 190.) Named for 
F. Savastano, the Italian plant path¬ 
ologist. 

Note: Smith {loc. cit.) lists and dis¬ 
cards the following species since they were 
either mixed cultures or names with no 
descriptions: Bacieriutn oleae Arcangeli, 
Istit. Bot. delle R. Univ. di Pisa, Ri- 
cerche c Lavori, fasc. I, 1886, 109; Bacil¬ 
lus oleae tuberculosis Savastano, Atti. 
11. Accad. Naz. Lincei Rend. Cl. Sci. Fis., 
Mat. e Nat., 5, 1889, 92; Bacillus pril- 
lieuxianus Trevisan, I generi e le specie 
delle Batteriacee, Milano, 1889, 19; 
Bacillus oleae De Toni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
982. 

Description from Brown, Jour. Agr. 
Res., 44, 1932, 711. 

Rods: 0.4 to 0.8 by 1.2 to 3.3 microns. 
Motile with 1 to 4 polar flagella. Gram¬ 
negative. 

Green fluorescent pigment found in 
culture. 


Gelatin: No liquefaction. 

Beef agar colonies: White, smooth, 
flat, glistening, margins erose or entire. 

Broth: Turbid on the second day. No 
pellicle or ring. 

Milk: Becomes alkaline. 

Nitrites not produced from nitrates. 

No lIjS produced. 

Acid but not gas from glucose, galac¬ 
tose and sucrose. 

Starch is hydrolyzed. 

Optimum temperature 23° to 24°C. 
Maximum 32°C. Minimum 1°C. 

Optimum pH 6.8 to 7.0. Maximum 8.5. 
Minimum 5.6. 

Aerobic. 

Source: Smith isolated his cultures 
from olive galls collected in California. 

Habitat: Pathogenic on olive. 

113a. Pseudomonas savastanoi var. 
jraxini (Brown) Dowson. {Bacterium 
savastanoi var. fraxini Brown, Jour. 
Agr. Res., 44, 1932, 721; Phyto^nonas 
savastanoi var. fraxini Magrou, in Hau- 
duroy ct al.. Diet. d. Bact. Path., Paris, 
1937, 410; Pseudotnonas fraxini Skoric, 
Ann. Exp. For. Zagreb, 6, 1938, 66; Dow¬ 
son, Trans. Brit. Mycol. Soc., 26, 1943, 
11.) From M. L. Fraxinus, a generic 
name. 

Distinctive characters: Differs but 
slightly from Pseudomonas savastanoi, 
but is pathogenic on ash and not on olive. 

Source: Three cultures isolated from 
cankers on ash. 

Habitat: Pathogenic on ash, Fraxinus 
excelsior and F. americana. 

114. Pseudomonas tonelllana (Fcr* 
raris) com6. nov. {Bacteriujfi ionelUaniun 
Ferraris, Trattato di Patologia e Terapia 
Vegetale, 3rd ed., 1, 1926, 104; Phytomo- 
nas lonelliana Adams and Pugsley, Jour. 
Dept. Agr. Victoria, S2, 1934 , 304.) 
Named for Tonelli, the Italian botanist. 

Synonym: Pseudomonas savastanoi 

var. nerii C. O. Smith, Phytopath., 18, 
1928, 503. 

Description from Smith {loc. cit.) un¬ 
less otherwise noted* 
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Rods: 0.5 to 0.6 by 1.5 to 2.5 microns. 
Motile with 1 to 3 polar flagella. Gram¬ 
negative (Adams and Pugsley, loc. cU.). 

Gelatin: No liquefaction. 

Potato glucose agar colonies: Flat, 
circular, shining, margins somewhat un¬ 
dulated. 

Broth: Dense clouding with partial 
pellicle. 

Milk: Alkaline. No separation. 

Nitrites not produced from nitrates 
(Adams and Pugsley). 

Indoleproduced. Not produced (Adams 
and Pugsley). 

Acid but not gas from glucose and 
sucrose. No acid from lactose (Adams 
and Pugsley). 

Starch not hydrolyzed (Adams and 
Pugsley), 

Distinctive character: Pseudumouas 
savastanoi is similar in culture but is not 
pathogenic on oleanders. 

Source: Both Ferraris and C. O. Smith 
isolated the pathogen from galls on olean¬ 
der. 

Habitat: Pathogenic on oleander, 

Nerium oleander. 

115. Pseudomonas calendulae (Taki- 
moto) Dowson. {Bacterium calendulae 
Takimoto, Ann. Phytopath. Soc. Japan, 
1936, 341; Phylomonas calendulae 
Burkholder, in Manual, 5th ed., 1939, 
201; Dowson, Trans. Brit. Mycol. Soc., 
1943, 9.) From Latin, calendae, 
throughout the month; M.L. Calendula, 
a generic name. 

Rods: 0.5 by 1 to 2 microns. Motile 
With 1 to 3 polar flagella. Gram-nega¬ 
tive. 

Green fluorescent pigment produced 
in Uschinsky’s and in Cohn’s solutions. 

Gelatin: Not liquefied. 

Agar colonics: Circular, smooth, flat, 
dirty white. 

Broth: Turbid. 

Milk: No coagulation. 

Nitrites not produced from nitrates. 

Indole formed in small amount. 

No H|S produced. 


Acid but not gas from glucose and 
glycerol. No acid from lactose or sucrose. 

Starch not hydrolyzetl. 

Optimum temperature 27® to 30°C. 
Maximum 37'C. Minimum 0® to 7®C. 

Habitat: Pathogenic on marigolds, 

Calendula ojlicinalis. 

116. Pseudomonas cichorii (Swingle) 
Stapp. (Phytomonas cichorii Swingle, 
Phytopath., 15, 1925, 730; Stapp, in Sor- 
auer, Ilandbuchdcr Pflanzenkrankheiten, 
2, 5 Auf., 1928, 291; Bacterium cichorii 
Elliott, Bact. Plant Pathogens, 1930, 
112.) From Gr. cichoria, chicory; M. 
L. Cichorium, generic name. 

Probable synonyms: Pseudomonas en- 
diviae Kotte, Phyt. Ztschr., 1, 1930, 609; 
Phytomonas endiviae (Kotte) Clara, 
Cornell Agr. E.xp. Sta. Mem. 159, 1934, 
26; and Bacterium formosanum Okabe, 
Jour. Soc. Trop. Agr., Formosii, 7, 19.35, 
65. 

Description from Clara (loc. cit.) which 
is a description of a culture of Pseudo¬ 
monas endiviae from Kotte. Swingle’s 
description is very meager. 

Rods: 0.75 to 1.5 by 1.5 to 3.75 microns. 
Motile with 1 or 2 polar flagella. Gram- 
negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: No liquefaction. 

Beef-extract agar colonies: Circular, 
grayish-white with bluish tinge, raised 
with slightly irregular edges. 

Broth: Turbid in 36 hours with a 
smooth viscous pellicle. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

No ILS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 601). 

Acid but not gas from glucose, galac¬ 
tose, fructose, mannose, arabinose, xy¬ 
lose, mannitol and glycerol. Alkaline 
production from salts of acetic, citric, 
lactic, malic, succinic and tartaric acids. 
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Rhamnose, maltose, sucrose, lactose, raf- 
finose and salicin not utilized. 

Starch not hydrolyzed. 

Slight growth in broth plus 6 per cent 
NaCl. 

Optimum pH 6.8 to 7.1. Maximum 
9.2 to 9.4. Minimum 5.0 to 5.3 (Kotte, 
Phyt. Ztsch., 2, 1930, 453). 

Facultative anaerobe. 

Distinctive characters: Differs from 
Pseudomonas intybi in that it does not 
liquefy gelatin or reduce nitrates to ni¬ 
trites. 

Source: Isolated from rot of French 
endive, Cichorium inlybus by Swingle 
and by Okabe, and from C. endivia by 
Kotte. 

Habitat: Pathogenic on endive, lettuce 
and larkspur. 

117. Pseudomonas cissicola (Taki- 
moto) comb. nov. {Aplanobacler cissicola 
Takimoto, Ann. Phytopath. Soc. Japan., 
9, 1939, 43.) From Greek, cfssws, ivy; 
M. L. Cissus a generic name. 

Rods: 0.5 to 0.9 by 1.0 to 2.0 microns. 
Non-motile. Capsules. Gram-negative. 

Green fluorescent pigment formed in 
Uschinsky’s solution. 

Gelatin: No liquefaction. 
Potato-extract agar colonies: Circular, 
convex, smooth, and dirty white. 

Broth: Feeble clouding followed by 
precipitation of pellicle and rim. 

Nitrites not produced from nitrates. 
Indole not formed. 

Hydrogen sulflde not produced. 

No acid nor gas from sucrose, glucose, 
lactose and glycerol. 

Starch is not digested. 

Salt toleration is 3 per cent. 

Optimum temperature 30®C. Maxi¬ 
mum 35®C. Minimum lOX. Thermal 
death point 49® to 50®C. 

Source: Isolated from black spots on 
leaves of Japanese ivy, Cissus japonica in 
Japan. 

Habitat: Pathogenic only on Cissus 
japonica. 

118 . Pseudomonas nectarophlla 
(Doidge) Rosen and Bleeker. (Rac- 


terium neclarophila Doidge, Ann. Appl. 
Biol., 4, 1917, 73; Phytomonas nectaro- 
phila Bergey et al.. Manual, 3rd ed., 
1930, 262; Rosen and Bleeker, Jour. Agr. 
Res., 46, 1933, 98.) From Gr. nectar, 
nectar; philus, loving. 

Rods: 0.5 to 0.7 by 0.6 to 1.5 microns. 
Motile with 1 to 5 polar flagella. Cap¬ 
sules. Gram-negative. 

Green fluorescent pigment produced 
in culture. 

Gelatin: No liquefaction. 

Nutrient agar colonies: Yellowish- 
white, wet-shining, smooth, margins ir¬ 
regular. 

Broth: Heavy turbidity in 24 hours. 

• Sediment. 

Milk: Cleared. 

Nitrites not produced from nitrates. 

Indole not formed. 

Acid from glucose and galactose. No 
acid from sucrose. 

Starch hydrolysis feeble. 

Optimum temperature 25 to 30®C. 

Facultative anaerobe. 

Distinctive character: Differs from 
Pseudomonas barkeri in that it does not 
liquefy gelatin, nor produce indole. Pro¬ 
duces capsules. 

Source: Isolated from blighted pear 
blossoms in South Africa. 

Habitat: Pathogenic on pear blossoms. 

119. Pseudomonas viburnl (Thorn- 
berry and Anderson) Stapp. (Phytomonas 
viburni Thornberry and Anderson, Phy¬ 
topath., 21, 1931, 912; Stapp, Bot. Rev., 
1, 1935,407; Bacterium viburni Burgwitz, 
Phytopathogenic Bacteria, Leningrad, 
1935, 160.) From L. viburnum, the way¬ 
faring tree; M. L. Viburnum, a generic 
name. 

Rods: 0.5 to 1.0 by 1 to 2.0 microns. 
Capsules present. Motile with 2 to 4 
polar flagella. Gram-negative (Burk¬ 
holder); not Gram-positive as stated. 

Green fluorescent pigment produced in 
culture (Burkholder). 

Gelatin: No liquefaction. 

Glucose beef-extract colonies: Dull 
gray, circular, edges entire. 
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Broth: Turbid with pellicle. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HiS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., S2, 1942, 601). 

Acid from glucose and galactose, but 
not sucrose (Burkholder). 

Starch: No hydrolysis. 

Slight growth in 3.5 per cent salt 
(Burkholder). 

Optimum temperature 25®C. Mini¬ 
mum 12°C. Maximum 35‘’C. 

Aerobic. 

Source: Isolated from angular leaf 
spots and stem lesions on arrow-wood, 
Viburnum opufws, etc. 

Habitat: Pathogenic on rf6wrnum8pp. 

120. Pseudomonas morl (Boyer and 
Lambert) Stevens. {Bacterium mori 
Boyer and Lambert, Compt. rend. Acad. 
Sci. Paris, 117, 1893, 342; Bacterium mori 
Boyer and Lambert emend. Erw. Smith, 
Science, SI, 1910,792; Stevens, The Fungi 
which Cause Plant Diseases, 1913, 30; 
bacillus mori Holland, Jour. Bact., 6, 
1920, 222; Phyiomonas mori Bcrgey et 
ah, Manual, Ist ed., 1923, 191.) From 
Or. morum, mulberry; M. L. Morns, a 
generic name. 

Synonyms: Elliott (Bact. Plant Path¬ 
ogens, 1930, 166) lists Bacillus cuboni- 
anws Macchiati, Staz. Sperim. Agr. Ital., 
1892, 228 (Macchiati described the 
disease due to Pseudomonas mori, but 
gave an incorrect description of the patho¬ 
gen) ; also Bacterium cuhonianum Fer- 
raris, Curiano le Plante, 6, 1928, 180 
(Ferraris uses Macchiati's name but the 
description of Pseudomonas mori). 

Description from Smith {loc. cit.). 

Rods: 0.9 to 1.3 by 1.8 to 4.5 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Green fluorescent pigment produced in 
culture. 

Gelatin: Not liquefied. 

Agar colonies: White, slow-growing, 
smooth, flat, edges entire becoming un¬ 
dulate. 


Milk: Becomes alkaline and clears. 
Nitrites not produced from nitrates. 
Indole none or feeble production. 
Hydrogen sulfide not produced (Okabe, 
Jour. Soc. Trop. Agr., 5, 1933, 1C6). 

No growth in broth plus 4 per cent salt 
(Okabe, loc. cit.). 

No gas from carbohydrates. 
Temperature range TC to 35°C. 
Source: Smith isolated the pathogen 
from blighted shoots of mulberry from 
Georgia. Also received cultures from 
Arkansas and the Pacific (Ik)ast. 

Habitat: Pathogenic on mulberry, 

Morus. 

121. Pseudomonas stizolobii (Wolf) 
comb. nov. {Aplanobacter stizolobii Wolf, 
Phytopath., 10, 1920, 79; Bacterium stiz¬ 
olobii McCulloch, Phytopath., 18, 1928, 
460; Phytomonas stizolobii Bergcy et al.. 
Manual, 3rd ed., 1930 , 280.) From Gr. 
stizo, to prick; lobivm, a little lobe; 
Slizolobium, a generic name. 

Rods: 0.6 to 0.7 by 1.0 to 1.6 microns. 
Non-motile (Wolf). Motile with a short 
polar flagellum (McCulloch). Capsules. 
Gram-negative. 

Gelatin: No liquefaction. 

Agar colonies: Circular, smooth, white, 
raised and opaque. Margins entire to 
slightly undulate. 

Broth: Slightly turbid throughout. No 
pellicle or ring. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 
Indole not formed. 

No acid or gas in peptone broth plus 
sugars. 

Starch not hydrolyzed. 

Optimum temperature 25* to 28*C. 
Distinctive characters: Differs from 
Pseudomonas sojae (Pseudomonas gly- 
cinea) in the smaller size of cell, and 
absence of pellicle and dense clouding of 
broth. The pathogen does not infect 
soy bean. 

Source: Isolated from the leaf spot of 
velvet bean. 

Habitat: Pathogenic on velvet bean, 
Slizolobium deeringianium. 
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122. Pseudomonas viciae Uyeda. 
(Uyeda in Takimoto, Jour. Plant Pro¬ 
tect., Japan, 2, 1915 , 845; Bacterium vi¬ 
ciae Nakata, see Elliott, Bact. Plant 
Pathogens, 1930, 259; Phylomonas viciae 
Magrou, in Hauduroy ct al., Diet. d. Bact. 
Path., Paris, 1937, 430.) From L. t’icm, 
vetch; M. L. T'jcia, a generic name. 

Rods: 0.5 to 0.8 by 1.2 to 2.0 microns. 
Motile with 2 to 4 polar flagella. Gram¬ 
positive. 

Green fluorescent pigment produced in 
culture. 

Gelatin colonics: Pale white, glisten¬ 
ing, finally turning brown. No liquefac¬ 
tion. 

Milk: Coagulates and clears. 

Nitrites not produced from nitrates. 
No HjS produced. 

Facultative anaerobe. 

Habitat: Pathogenic on the broad 
bean {Vida faba), the turnip {Brassica 
rapa), the carrot (Daucus carola) and the 
sweet potato {Ipomoea batatas). 

123. Pseudomonas alliicola Burk¬ 
holder. (Burkholder, Phytopath., 32, 
1942, 146; Phyiomonas alliicola Burk¬ 
holder, ibid.) From L. allium, onion; 
-cola, dweller. 

Rods: 0.7 to 1.4 by l.Oo to 2.8 microns. 
Motile with 1 to several polar flagella, at 
times bi-polar. Gram-negative. 

Gelatin: Liquefaction. 

Beef-extract peptone agar streaks: 
Moderate in growth, white at first, later 
dirty in appearance, edges wavy, consist¬ 
ency viscid. Medium deep brown. 

Potato-glucose agar frequently be¬ 
comes greenish. 

Broth: Turbid with light pellicle. 
Brown. 

Milk: Cleared and litmus reduced. 
Neutral. 

Nitrites produced from nitrates. 
Indole not produced. 

Hydrogen sulfide not produced. 
Lipolytic action very strong. 

Acid but no gas from 1-arabinose, d- 
xylose, rhamnose, glucose, d-galactose, 
fructose, d-lactose, maltose, sucrose, 


glycerol, mannitol and salicin. Alkali 
from salts of acetic, citric, formic, hip- 
puric, lactic, malic, succinic, tartaric 
acids. 

Starch not hydrolysed. 

Slight growth in broth plus 4 per cent 
salt. 

Aerobic. 

Optimum temperature 30®C. Maxi¬ 
mum 41°C. Minimum 5°C. 

Source: Seven isolates from storage 
rot of onion bulbs. 

Habitat: Pathogenic on onion bulbs, 
Allium cepa. 

124. Pseudomonas gardeniae Burk¬ 
holder and Pirone. (Burkholder and 
Pironc, Phytopath., 31, 1941, 194; Phyto- 
monas gardeniae Burkholder and Pirone, 
ibid.) From M. L. Gardenia, a generic 
name. 

Rods: 0.75 by 2.4 microns. Motile 
with 1 to 2 polar flagella. Gram-nega¬ 
tive. 

Gelatin: Liquefaction. 

Beef-extract peptone agar colonies: 
Growth fair, white to dirty gray and vis¬ 
cid. Medium becoming dark brown. 

Potato-glucose agar: No brown color. 

Broth: Turbid with pellicle. Dark 
brown. 

Milk: Soft curd with pellicle. Clears 
in zones. Litmus reduced. 

Nitrites produced from nitrates. 

Hydrogen sulfide not produced. 

Indole not formed. 

Acid from glucose, galactose, xylose, 
rhamnose, sucrose, maltose, mannitol, 
glycerol, and salicin. Alkali produced 
from the salts of citric, malic, raalonic, 
succinic, tartaric and hyppuric acids. 
Good growth in tyrosine and in aspara¬ 
gine broth. 

Starch is not hydrolyzed. 

Aerobic. 

Source: Eight isolates from leaf spots 
of gardenias in New Jersey. 

Habitat: Pathogenic on leaves of Gar¬ 
denia jasminoides. 

125 Pseudomonas caryophylll Burk¬ 
holder. (Burkholder, Phytopath., 31 1 
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1941, 143; Phytomonas caryophylli, 

Burkholder, ibid.) From M. L. Carijo- 
phyllus, an old generic name. 

Rods: 0.35 to 0.95 by 1.05 to 3.18 mi¬ 
crons. At times slightly curved. Motile 
with 1 to several polar flagella. Fre¬ 
quently bipolar. Gram-negative. 

Gelatin: Liquefaction after 3 to 4 
weeks. 

Potato glueose agar colonies: 3 to 4 
nim in diameter, circular, smooth, glis¬ 
tening, edges entire. Color is tan to gray 
mauve. Old culture dark brown. Con¬ 
sistency butyrous. 

Broth: Turbid with a white sediment. 

Milk: Litmus slowly becomes blue. 
Slight reduction at bottom of tube. No 
clearing. 

Nitrites produced from nitrates. Also 
ammonia and gas are produced in a 
synthetic nitrate medium. Asparagine, 
KNOs and NH 4 H 2 P 04 can be utilized. 

Indole not formed. 

Hydrogen sulfide not formed. 

Lipolytic action slight to moderate. 

Acid from 1-arabinose, d-xylose, rham- 
nose, glucose, d*galactose, fructose, d- 
lactose, maltose, and sucrose, glycerol, 
mannitol, and salicin. Alkali with so¬ 
dium salts of acetic, citric, formic, hip- 
puric, lactic, malic, maleic, succinic and 
tartaric acid. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 30® to 33“C. 
Maximum 46®C. Minimum 5®C. or less. 

Slight growth in broth plus 3.5 per cent 
salt. 

Source; Isolated first by L. K. Jones 
and later by W. H. Burkholder from 
Jying carnation plants from Spokane, 
Washington. Tw’elve isolates used in 
description. 

Habitat: Pathogenic on roots and 

stalks of the carnation, Dianthus caryo- 
Vhyllus, 

126. Pseudomonas solanacearum Erw. 
Smith. {Bacillus solanacearum Erw. 
Smith, U. S. Dept. Agr., Div. Veg. Phys. 
and Path., Bui. 12, 1896, 10; Bacterium 


solanacearum Chester, .Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 73; Erw. 
Smitli, Bacteria in Relation to Plant 
Diseases, 3, 1914, 178; Ph\iiomonus so¬ 
lanacearum Bergey et al., Manual, 1 st 
ed., 1923, 186.) From L. solanum night¬ 
shade; M. L. Solanaccae, a plant family. 

Probable s 3 monyms: Elliott (Bact. 
Plant Pathogens, 1930, 203) lists the 
following: Bacillus nicotianae L^eda, 
Cent. f. Bakt., II Abt., 13, 1904, 327; 
Bacillus sesami MalkofT and Pseudo¬ 
monas sesami MalkofT, Cent. f. Bakt., 
II .Abt., 16, 1906, 664; Bacillus musac 
Rorer, Phytopath., 1, 1911, 45; Bacillus 
musaru7n Zeman, Rev. Facul. Agr. Univ., 
La Plat, 14, 1921, 17; Erwinia nicotianae 
Bergey et al., Manual, 1 st ed., 1923, 172; 
Phytomonas rfemf Archibald, Trop. Agr., 
Trinidad, 4, 1927, 124. 

Description taken from Elliott (loc. 
cit.). 

Rods: 0.5 to 1.5 microns. Motile with 
a polar flagellum. Gram-negative. 

Gelatin: Nakata (Jour. Sci. Agr. Soc. 
Tokj'o, 294, 1927, 216) states there are 
two forms, one of which shows slight 
liquefaction. The other shows no lique¬ 
faction. 

Agar colonies: Small, irregular, round¬ 
ish, smooth, wet-shining, opalescent, 
becoming brown. 

Broth: Slight pellicle. Broth turns 
brown. 

Milk: Cleared without precipitation 
of casein. 

Nitrites produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not produced (Burk¬ 
holder). 

Glucose, sucrose, gjyccrol, sodium 
citrate, peptone, tyrosine, asparagine and 
glutanic acid are utilized (Mushin, Aus¬ 
tral. Jour. Expt. Biol, and Med., 16, 
1938, 325). 

Nitrogen sources utilized are ammonia, 
nitrates (KNO 3 ) asparagine, tyrosine, 
peptone and glutamic acid, but not potas¬ 
sium nitrite (Alushin, loc. cit.). 

Starch not hydrolyzed. 



138 


MANUAL OF DETERMINATIVE BACTERIOLOGT 


Optimum temperature SS"* to 37®C. 
Maximum 41®C. Minimum 10°C. 

Pathogenicity readily lost in culture. 
Source: Isolated from brown-rot of 
solanaceous plants. 

Habitat: Soil pathogen in warm moist 
climates attacking numerous species of 
plants, especially potato, tobacco, and 
tomato. 

126a. Pseudomonas solanacearum 
var. asiatica (Erw. Smith) Stapp. {Bac- 
teTium solanacearum var. asiaiicum Erw. 
Smith, Bact. in Relation to Plant Dis¬ 
eases, S, 1914, 282; Stapp, in Sorauer, 
Handbuch dcr Pflanzenkrankheiten, 2, 
5 Auf., 1928, 253; Phytomonas solana¬ 
cearum var. asiaiica Magrou, in Hau- 
duroy et ah, Diet. d. Bact. Path., Paris, 
1937, 414.) From Gr. asiaticus, asiatic. 

Distinctive characters: Differs from 
Pseudomonas solanacearum in that it 
turns litmus milk and cream red. 

Source: Isolated by J. A. Honing from 
diseased tobacco plants in Medan, Suma¬ 
tra. 

127. Pseudomonas castaneae (Kawa- 
mura) comb. nov. {Bacterium castaneae 
Kawamura, Ann. Phytopath. Soc. Japan, 
5, 1934, 15; Phytomonas castaneae Ma¬ 
grou, in Hauduroy et ah. Diet. d. Bact. 
Path., Paris, 1937, 343.) From M. h. 
Caslanea, a generic name. 

Rods: 0.8 to 1.2 by 1.0 to 1.8 microns. 
Motile with 1 to 5 polar flagella. Gram- 
negative. 

Gelatin: Liquefied. 

Beef agar colonies: White, circular, 
edges slightly undulate, viscid. 

Milk: No coagulation. Peptonized. 
Acid but not gas from glucose, sucrose 
and glycerol. No acid from lactose. 

Optimum temperature 25® to 27®C. 
Maximum 35®C. Minimum 3®C. 
Facultative anaerobe. 

Habitat: Causes water-soaked spotting 
on leaves and shoots of chestnut, Cas- 
tanea. 

128. Pseudomonas seminiun Cayley. 
(Cayley, Jour. Agr. Sci., 8, 1917, 461; 
Bacterium seminum Stevenson, Foreign 


Plant Dis., U.S.D.A. Office of Sec’y‘» 
1926, 141; Phytomonas seminum Bergcy 
et ah, Manual, 3rd ed., 1930, 272.) From 
L. semen {seminus) seed. 

Rods: 1.0 by 4.0 to 5.0 microns. Spore- 
like bodies present. Capsules. Motile 
with a single flagellum. Gram-positive. 

Gelatin: Rapid liquefaction. 

Agar colonies: White, more or less 
circular, transparent, spreading. 

Broth; Turbid. Pellicle. 

Litmus milk: Milk becomes clear and 
apricot color. 

Nitrites produced from nitrates. 

.\cid but not gas from glucose and 
sucrose. No acid from lactose. 

Starch: No hydrolysis. 

Optimum temperature 25®C. 

Facultative anaerobe. 

Source: Isolated from seeds, stems and 
iwds of diseased peas in England. 

Habitat; Pathogenic on peas. 

129. Pseudomonas passlflorae (Reid) 
comb. nov. {Phytomonas passijlorae Reid, 
New Zealand Jour. Sci. and Tech., 22, 
1939 , 264a.) From L. passio, passion; 
flora, flower; M. L. Passiflora, a generic 
name. 

Rods; 0.2 to 0,5 by 1.2 to 3.2 microns- 
Motile with 1 to 5 polar flagella. Cap¬ 
sules present. Gram-negative. 

Gelatin: Liquefled. 

Beef-peptone agar colonies: Small, flat, 
smooth, dry, shining, translucent, gray¬ 
ish and butyrous. 

Broth; Turbid in 4 days. Transient 
pellicle. 

Milk: Slightly alkaline. No coagula¬ 
tion nor clearing. 

Nitrites not produced from nitrates. 
No growth on synthetic nitrate agar. 

Indole not formed. 

Hydrogen sulfldc not formed. 

Acid reaction occurs in galactose, starch 
and sucrose. No gas. 

Starch is not hydrolysed. 

Source: From diseased leaves and fruit 
of the passion-fruit in New Zealand. 

Habitat: Pathogenic on Passiflora 

edulis. 
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130. Pseudomonas fabae (Yu) ^ow6. | 
nov. (Phytotfwnas fahae Yu, Bull, of the' 
Chinese Bot. Soc., 2, 1936, 34.) From 
Latin, faba bean. 

Rods: 0.8 to 1.1 by 1.1 to 2.8 microns. 
Motile with 1 to 4 polar flagella. G rain- 
negative. 

Gelatin: Liquefied. 

Nutrient agar colonies: Circular, en¬ 
tire, viscid, glistening, raised, smooth to 

wrinkled, white to salmon. Medium 
amber. 

Broth: Turbid after 12 hours. Pellicle. 

Milk: Growth slow. Clears. 

Nitrites produced from nitrates. 

Indole production slight. 

Hydrogen sulfide not produced. 

Acid but not gas from glucose. No 
acid nor gas developed from arabinose, 
xylose, fructose, galactose, sucrose, 
lactose, maltose, raffinose, de.xtrin, in* 
ulin, mannitol or adonitol in a 1 per cent 
Bacto-peptone broth. 

Starch: Very weak diastatic action. 

Optimum temperature 35"’C. Maxi¬ 
mum 37 to 38“C. Minimum 4“C. Ther¬ 
mal death point 52 to SS^C. 

Aerobic. 

Growth retarded in 2 per cent salt. 
Very slight growth in 3 per cent salt. 

Source: From diseased broad beans 
at Nanking, China. 

Habitat: Pathogenic on broad or Wind¬ 
sor bean, F*cta/a6a. 

131. Pseudomonas astragali (Taki- 
moto) comb, nov. {Bacterium astragali 
Takimoto, Jour. Plant Protect., 17, 1930, 
732; Phytomonas astragali Burkholder, 
in Manual, 6th ed., 1939, 197.) From 
M. L. Astragalus, a generic name. 

Description translated by Dr. K. 
Togashi. 

Rods: 0.7 to 0.8 by 1.2 to 2,2 microns. 
Motile, with 1 or 2 flagella. Gram¬ 
negative. 

Gelatin: Liquefied. 

Agar plates: Growth somew'hat slow, 
colorless or grayish-white, entire margins, 
more or less aqueous, butyrous. 


iis Uschinsky’s medium: Growth vigorous, 
turbid, not viscid, ring, and sediment. 

Milk: No coagulation of casein, slow 
digestion. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced in small 
amount. 

No acid or gas from glucose, sucrose, 
lactose and glycerol in broth. 

Starch not hydrolyzed. 

Temperature relations: Minimum be¬ 
low 5® and maximum 33®C. Thermal 
death point 50® to SrC. 

Aerobic. 

Source: Species isolated from Astra¬ 
galus sp. 

Habitat; Causes a black leaf-spot of 
Astragalus sp. 

132. Pseudomonas colurnae (Thorn- 
berry and Anderson) comb. nov. (Phijto- 
monas colurnae Thornberry and Ander¬ 
son, Phytopath., 27, 1937, 948.) From 
the species, Corylus colurna. 

Rods: 0.8 to I.O by 1.0 to 1.8 microns. 
Single, in pairs or chains. Capsules. 
Motile with 1 to 2 polar flagella. Gram- 
negative. 

Gelatin: Liquified. 

Glucose agar slants: Growth filiform, 
raised, dull, smooth, opaque and viscid. 

Broth: Moderate turbidity. Ring. 

Milk: Peptonization complete with 

acid production. No reduction of litmus 
nor coagulation. 

Nitrites not produced from nitrates. 

Indole not produced. 

Hydrogen sulfide not produced. 

No appreciable amount of gas from 
xylose, glucose, sucrose' or glycerol. 

Starch hydrolyzed. 

Optimum temperature 21®C. Mini¬ 
mum 5®C. Maximum 35°C, Thermal 
death point 50®C. 

Aerobic. 

Source: From leaves and young stems 
of the Turkish hazelnut in Illinois. 

Habitat: Pathogenic on the Turkish 
hazelnut, Corylus colurna. 
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133. Pseudomonas maublancii {Foex 
and Lansadc) comb. nov. {Bacterium 
maublancii Foex and Lansadc, Comp, 
rend. Acad. Sci. Paris, 202, 1936, 2174; 
Phytomonas maublancii Burkholder, in 
Manual, 5th ed., 1939, 19S.) Named for 
M. Maublanc, French colonial plant 
pathologist. 

Rods: 0.4 by 1.3 microns. Motile with 
1 to 3 polar flagella. Gram-negative. 

Gelatin: Liquefied. 

Gelatin colonies: Round, translucent, 
margins entire. 

Broth: Thin pellicle. 

Milk: Not coagulated; clears. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HoS formed. 

Carbohydrates not fermented. 

Ammonia produced. 

Growth in Fermi’s solution, not in Us- 
chinsky’s solution. 

Source: Isolated from rotting vascular 
and parenchymatic tissue of banana 
stalks. 

Habitat: Causes a disease of the 

banana plant. 

134. Pseudomonas polygon! (Thorn- 
berry and Anderson) comb. nov. {Phylo- 
monas polygoni Thornberry and Ander¬ 
son, Phytopath., 27, 1937, 947.) From 
Gr. polygonum, knot-weed; M. L. Poly¬ 
gonum, a. generic name. 

Rods: 0.5 to 1.5 by 1.5 to 2.5 microns. 
Motile with 2 to 8 bi polar flagella. Cap¬ 
sules. Gram-positive (?). Other spe¬ 
cies reported by these investigators as 
Gram-positive have proved to be Gram¬ 
negative on a retest (Burkholder). 

Gelatin: Liquified. Brown. 

Glucose agar slant: Abundant, fili¬ 
form, flat, dull, smooth, pale olive-gray, 
butyrous. Medium turns brown. 

Broth: Turbid. Pellicle. 

Milk: Alkaline and clears. Litmus 
not reduced. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not produced. 


No appreciable amount of gas from car¬ 
bohydrates. 

Starch: No hydrolysis. 

Optimum temperatures 18®C. Mini¬ 
mum 7°C. Maximum 35®C. 

Aerobic. 

Source: From diseased leaves of Poly¬ 
gonum convolvulus in Illinois. 

Habitat: Pathogenic on black bind¬ 
weed, Polygonum convolvulus. 

135. Pseudomonas iridicola (Taki- 
moto) Stapp. {Bacterium iridicola Taki- 
moto, Fungi, Nippon Fungological Soc., 
1, 1931,24; Stapp, Bot. Rev., 1, 1935,408; 
Phytomonas iridicola Burkholder, in 
Manual, 5th ed., 1939, 198.) From Gr. 
iris {iridis), iris, a rainbow; -cola, 
dweller. 

Rods: 0.7 to 0.8 by 1.2 to 2 microns. 
Motile with 1 to 3 polar flagella. Gram¬ 
negative. 

Gelatin: Liquefied. 

Beef agar colonies: White, circular, 
raised or convex. 

Milk: Clears without coagulation. 

No acid or gas from carbohydrates. 

Starch digested. 

Optimum temperature 38°C. Mini¬ 
mum 4°C. 

Source: Isolated from a brown leaf 
spot of iris. 

Habitat: Pathogenic on Iris leclorum 
and Iris japonica. 

136. Pseudomonas levistici Oster- 
walder. (Osterwalder, Cent. f. Bakt., 
II Abt., 26, 1909, 260; Bacterium levistici 
Stevenson, Foreign Plant Dis., U. S. 
Dept. Agr., Office of Sec’y-i 1926, 101; 
Phytomonas levistici Magrou, in Hau- 
duroy et al.. Diet. d. Bact. Path., Paris, 
1937, 373.) From M. L. Levisticum, a 
generic name. 

Rods; 0.5 to 0.7 by 1.1 to 1.5 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: Colonies greenish-white. 

Liquefaction. 

Nutrient agar: Good growth at room 
temperature. Yellowish-white. 
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Brotli: Pellicle. 

Indole formed. 

No H 2 S produced. 

Source: Isolated from .'^pots on the 
leaves of lovage. 

Habitat: Pathogenic on lovage, Leris- 
licum officinale. 

137. Pseudomonas radiciperda (Jav- 
oronkova) Stapp. (Bacieri um radici¬ 
perda Javoronkova, Bull. Plant Protect., 
Leningrad, Ser. II, S, no. 1, 193*2. 161; 
Stapp, Bot. Rev., 1, 1935, 408; Phylo- 
monas radiciperda Magrou, in Hauduroy 
et al., Diet. d. Bact. Path., 1937, 401.) 
From L. radix (radicis), root; perdo, to 
destroy. 

Description from Javoronkova, Rev. 
App. Myc., 11, 1932, 652. 

Rods: 0.8 by 1 to 2 microns. Capsules. 
Motile with 1 or 2 polar flagella. Gram¬ 
negative. 

Gelatin: Liquefaction. 

Beef-peptone agar colonies: Round, 
smooth, shining, white to pale yellow. 

Milk: Peptonized. 

Indole not formed. 

No H 2 S formed. 

Acid but not gas from carbohydrates. 

Optimum temperature 23° to 25°C. 

Aerobic. 

Habitat: Causes a root rot of red clover 
{Trifolium pratense), lentils {Lens escu- 
lenta) and lucerne. 

138. Pseudomonas melophthora Allen 
and Riker. (Allen and Riker, Phyto¬ 
path., 2S, 1932, 557; Bacterium meloph- 
thorum Allen and Riker, ibid.\ Phyto- 
monas melophthora Allen and Riker, 
ibid.) From Gr. melujn, apple; phfhora, 
destroyer. 

Rods: 0.68 by 1.32 microns. Motile 
with 2 polar flagella. Gram-negative; 
Gram-positive cells appear inold cultures. 

Gelatin: No liquefaction. 

Nutrient agar plus 2 per cent glucose: 
Colonies appear in 36 hours. After 3 
days colonics circular, smooth, glistening, 
convex; edges entire; light pink, but not 

constant. 


Broth: Good growth. Pellich* :ind 

sediment. 

Milk: Little change, if atiy. 

Nitrites not produced from nifrat(‘s. 

Indole not formed. 

No IBS produced. 

.\cid from arabinose, glucose, galac¬ 
tose, fructose, sucro.sc and glycerol. No 
acid from lactose, maltose, dextrin and 
inulin. 

Starch not hydrolyzed. 

Optimum temperature 21° to 25°Ck 

Source: Description based on 7 cul¬ 
tures isolated from rotting a])plcs and 
from apple maggots. 

Habitat: Pathogenic on apples, and 
found with the apple maggot, Bhagidclis 
pomonclla. 

139. Pseudomonas helianthi (Kawa- 
mura) comb. nov. {Bacterium helianthi 
Kawamura, Ann. Phyt. Soc. Ja|)an, J, 
1934 , 27; Phytomonas helianthi Magroii, 
in Hauduroy et al.. Diet. d. Bact. Path., 
Paris, 1937, 362.) From M. L. lldian- 
thus, a generic name. 

Probable synonym : Phytomonas hclian- 
thi var. tuberosi Thornberry and .\n<lcr- 
son, Phytopath., 27, 1937, 948. 

Rods: 1 to 1.4 by 1.6 to 2.4 micron.s. 
Motile with a single polar flagellum. 
Gram-negative. 

Gelatin: No liquefaction. 

Beef agar colonics: White, circular, 
edges entire. 

Broth: Turbid. Pellicle. 

Milk: Peptonized. Litmus reduced. 

Nitrates: Gas production. 

Indole not produced. 

No IBS produced. 

Acid but not gas from sucrose and glyc¬ 
erol. No acid from lactose and maltose. 

Starch hydrolyzed. 

Optimum temperature 27° to 28°C. 
Maximum 35.5°C. Minimum 12°C. 

Good growth at pH 6.4. No growth 
pH 5.4 and pH 8.8. 

Habitat: Pathogenic on sunflower, 
Helianthus debilis. 

140. Pseudomonas albopreclpitans 
Rosen. (Rosen, Ann. Missouri Bot. 
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Garden, 9, 1922, 383; Bacterium albo- 
prccipilans Elliott, Bact. Plant Path., 
1930, 89; Phylomonas alboprecipilans 
Borgey et al., Manual, 3rd ed., 1930, 
277.) From Latin albus, white and 
prccipilans, precipitating, referring to 
the white precipitate produced in cul¬ 
ture. 

Hods: 0.6 by 1.8 microns, occurring 
singly or in pairs. Capsules present. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: Not liquefied. 

Nutrient agar colonics: White, circular, 
raised, smooth, sticky, with margins 
entire. Whitish discoloration of the 
medium. 

Broth: Turbid in 24 hours. Heavy 
sediment in old cultures. 

Milk: Becomes alkaline and slowly 
clears. 

Nitrites produced from nitrates. 

Indole not produced. 

No HiS produced. 

Acid but not gas from glucose, fruc¬ 
tose, glycerol and mannitol. No acid 
from lactose, maltose or sucrose. 

Starch is hydrolyzed. 

Optimum temperature 30® to 35®C. 
Maximum temperature 40®C. Minimum 
0®C. 

Aerobic. 

Distinctive characteristics: White pre- 
• cipitate in culture media. 

Source: Isolated a number of times 
from foxtail grass. 

Habitat: Pathogenic on foxtail, Chacto- 
chloa lulescens and other grasses. 

141. Pseudomonas petasltls (Taki> 
moto) comb. nov. {Bacterium petasitis 
Takimoto, Ann. Phyt. Soc. Japan, 
1927, 55; Phylomonas petasitis Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 393.) From M. L. Petasites, 
a generic name. 

Rods: 0.8 to 1.1 by 1.1 to 1.7 microns. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: No liquefaction. 


Beef agar colonies: White, circular or 
ameboid, butyrous. 

Broth: Strong turbidity. Pellicle. 

Milk: Coagulated in 30 days. 

Nitrites produced from nitrates with 
gas formation. 

Indole not produced. 

No H;S produced. 

No evident acid in peptone broth but 
gas from glucose, lactose and sucrose. 
Acid but not gas from glycerol. 

Weak growth in broth plus 6 percent 
salt. 

Optimum temperature 27® to 30®C. 
Maximum 47 ®C. Minimum approxi¬ 
mately 5®C. 

Source: Isolated from brown to black 
lesions on Petasites japonicus in Japan. 

Habitat: Pathogenic on leaves of 
Petasites japonicus. 

142. Pseudomonas llgnlcola Wester- 
dijk and Buisman. (Do Icpenzicktc, 
Arnhem, 1929, 51.) From Latin, lignum, 
wood; ’Cola, dweller. 

Rods: Single or short chains. Motile 
with 1 to several polar flagella. Gram¬ 
negative. 

Gelatin: No liquefaction. 

Malt agar streaks: Milk white with a 
colorless edge. 

Broth: Turbid with light pellicle. 

Milk: No coagulation. No acid. 

Nitrites not produced from nitrates. 

Indole not formed. 

Starch hydrolysis slight. 

Optimum temperature db25®C. 

Source: From vessels of elm wood 
showing dark discoloration, in Holland. 

Habitat: Pathogenic in elm wood. 

143. Pseudomonas andropogonl (Erw. 
Smith) Stapp. (Bacterium andropo- 
goni Erw. Smith, Bacteria in Relation 
to Plant Diseases, 2, 1911,63; Elliott and 
Smith, Jour. Agr. Res., 38, 1929 ,4; StapPi 
in Sorauer, Handbuch dor Pflanzen- 
krankheiten, 2, 5 Auf., 1928, 27; Phylo¬ 
monas artdropogoni Bergey et al.» 
Manual, 3rd ed., 1930, 276.) From M. 
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L. Andropogon, a generic name (a syn¬ 
onym of Holcus). 

Description from Elliott and Smith 
{loc. cit.). 

Rods; 0.64 by 1.76 microns. Motile 
with one to several bipolar Hagella. 
Capsules. Gram-negative. 

Gelatin: Feeble liquefaction or none. 

Beef-extract agar colonies: Slow-grow¬ 
ing, round, smooth, glistening, viscid, 
white. 

Broth: Growth slow with moderate 
turbidity in 48 hours. A thin pellicle. 

Milk: Alkaline and clears. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HjS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 601). 

Acid but not gas from glucose, arabi- 
nose, fructose and xylose. No acid from 
sucrose, maltose, lactose, raffinose, glyc¬ 
erol and mannitol. 

Starch partially digested. 

Optimum temperature 22” to 30”C. 
Maximum 37” to 38”C. Minimum 1.5”C. 

Optimum pH 6.0 to 6.6. Maximum 
8.3 to 8.6. Minimum 5.0. 

Source: Elliott used for her description 
4 cultures isolated from lesions on sorgo, 
sorghum and broom-corn. 

Habitat: Pathogenic on sorghum, Hol¬ 
cus sorghum. 

144. Pseudomonas woodsll (Smith) 
Stevens. {Bacterium ■ woodsii Erw. 
Smith, Bact. in Relation to Plant Dis¬ 
eases, 2, 1911, 62; Stevens, Plant Disease 
Fungi, New York, 1925, 39; Phytomonas 
woodsii Bergey et al., Manual, 3rd ed., 
1930, 256.) Named for A. F. Woods, 
American plant pathologist. 

Description from Burkholder and Gu- 
terman, Phytopath., 25, 1935, 118. 

Rods: 0.67 by 1.56 microns. Motile 
with a polar flagellum. Gram-negative. 

Gelatin: No liquefaction. 

Beef-extract agar slants: Growth slow 
and scant, filiform, creamy, butyrous. 

Broth: Turbid. 


Milk: Becomes alkaline but otherwise 
little changed. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HjS formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 601). 

Acid but not gas from glucose, fruc¬ 
tose, galactose, arabinose, xylose, rham- 
nose, lactose, glycerol and mannitol. 
Alkaline reaction from salts of acetic, 
citric, malic and succinic acids. Sucrose, 
maltose, salicin, and lactic and formic 
acids not fermented. Starch not hy¬ 
drolyzed. 

Slight growth in hroth plus 3 per cent 
salt. 

Aerobic. 

Source: Isolated from water-soaked 
lesions on carnation leaves. 

Habitat: Pathogenic on carnation, 
Dianthvs caryophyllus. 

145. Pseudomonas panIcBmillacei 
(Ikata and Yamauchi) comb. nov. {Bac¬ 
terium panici-miliacei Ikata and Vamau- 
chi, Jour. Plant Protect., 18, 1931, 35; 
Phytomonas panici-miliacei Burkholder, 
in Manual, 5th ed., 1939, 201.) l-'rora 
M. L. Panicum miliaceum. 

Description translated by Dr. K. 
Togashi. 

Rods: 0.8 to 1.1 by 1.8 to 2.6 microns. 
Motile, with a single flagellum. Gram- 
negative. 

Gelatin: Not liquefied. 

Potato-agar plates: Growth moderate, 
whitish, then tinged with light orange, 
undulating margins. 

Broth: Turbid, white pellicle formed. 

Milk: No coagulation and slow diges¬ 
tion. Alkaline. 

Nitrites are produced from nitrates. 

Indole not formed. 

No HjS produced. 

No acid and no gas from sucrose, glu¬ 
cose, lactose, glycerol and sodium 
nitrate. 

Starch not hydrolyzed. 

Optimum temperature 30® to 35®C. 
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Facultative anaerobe. 

Source: Species first isolated from 
jnillol, Panicum miliaceum. 

Habitat: Causes a leaf stripe of Pani¬ 
cum miliaceum. 

140. Pseudomonas saliciperda Lindei- 
jer. (Lindcijcr, Inaug. Diss., Univ. 
Amsterdam, 1932; Phytopath. Ztschr., 
6, 1933, 373; Bacterium saliciperda 

Burgwitz, Phytopathogcnic Bacteria, 
Leningrad, 1935, 106; Phylomonas salici- 
pcrda Magrou, in Hauduroy et al., Diet, 
a. Bact. Path..Paris, 1937,408.) From L. 
salix (salicis), willow; perdo, to destroy. 

Rods: 1.2 to 2.1 microns in length. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: No liquefaction. 

Beef wort agar colonics: Gray-white. 
Milk: No acid nor coagulation. 
Nitrites produced (small amount) 
from nitrates. 

Indole formation slight. 

No gas from carbohydrates. 

Starch not hydrolyzed. 

Facultative anaerobe. 

Source: Isolated from wilted branches 
of willow and pathogenicity proved. 

Habitat: Pathogenic on willow, Salix 
spp. 

147. Pseudomonas eriobotryae (Taki- 
moto) Dowson. {Bacterium eriobotryae 
Takimoto, Jour. Plant Protect., 18, 1931, 
354; Phylomonas eriobotryae Burkholder, 
in Manual, 5th ed., 1939, 205; Dowson, 
Trans. Brit. Mycol. Soc., 26, 1943, 10.) 
Irom M. L. Eriobotrya, a generic name. 
Translated by Dr. K. Togashi. 

Rods: 0.7 to 0.9 by 2.2 to 3.0 microns. 
Motile, with 1 or 2 flagella. Gram- 
negative. 

Gelatin: Not liquefied. 

Agar-plates: Colonies appear after 3 
days, white or hyaline, butyrous, margins 
entire. 

Broth: Moderately turbid, pellicle 
powdery, ring formed. 


Milk: No coagulation, peptonized 
slowly. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

No H^S produced. 

No acid or gas from glucose, sucrose, 
lactose and glycerol in broth. 

Starch not hydrolyzed. 

Temperature relations: Minimum 
below 4®C, optimum 25° to 26°C, and 
maximum 32°C. Thermal death point 
51 °C. 

.Aerobic. 

Source: Species isolated from loquat, 
Eriobotrya japoriica. 

Habitat: Causes a bud rot of Eriobotrya 
japonica. 

148. Pseudomonas wleringae (Klliott) 
comb. nov. {Phylomonas belae Wieringa, 
Nederl. Tijdschr. Hyg., Microbiol, en 
Serol., Leiden, 2, 1927, 148; Bacterium 
wieringae Elliott, Man. Bact. Plant 
Pathogens, 1930, 264; Phylomonas irier- 
ingae Burkholder, in Manual, 5th ed., 
1939, 206.) Named for K. L. Wieringa. 
plant pathologist of Holland. 

Because Bacterium betae Chester (Ann. 
Rept. Del. Col. Agr. Kxp. Sta., 9, 1897, 
53) may be a pseudomonad, the species 
name proposed by Elliott has been 
retained. 

Description from Elliott {loc. cit.). 

Rods; 0.5 to 2.0 microns. Motile with 
1 to 5 polar flagella. Gram-negative. 

Beef-agar colonies; Smooth, round, 
white to grayish, fluorescent. 

Milk: Cleared in 5 days. Not co¬ 
agulated. 

Nitrites not produced from nitrates. 

No gas from sugars. 

Optimum temperature 28° to 30°C. 
Maximum 37°C. Minimum 4°C. 

Source: Isolated from vascular rot of 
beets in Holland. 

Habitat: Pathogenic on beets, Beta 
vulgaris. 
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Appendix I*: The following species are 
believed to belong in the genus Psevdo- 
monas although descriptions are fre¬ 
quently incomplete. 

Achromobacler p'lllucidujti Harrison. 
(Canadian Jour. Res., f, 1929, 236.) 
Isolated from halibut. For a description 
of this species, see Bergey ct al., Manual, 
5th ed., 1939, 619. 

Bacillus auranliacus tingitanus Rem- 
linger and Bailly. (Maroc Medical, 
No. 150, 1935; See Lasseur, Dupaix and 
Babou, Trav, Lab. Microbiol. Fac. 
Pharm. Nancy, Fasc. 8, 1935, 41.) From 
water. Dissociates readily. Related to 
Pseudomonas fluorescens aureus Zim- 
mormann. See p. 645. 

Bacillus cyaneojluorescens Zangeraeis- 
ter. (Cent. f. Bakt., I Abt., 18, 1895,321; 
Pseudomonas cyaneojluorescens Migula, 
Syst. d. Bakt., 1900, 906.) From blue 
milk. 

Bacillus Jluorescens nivalis Eisenbcrg. 
(Eine Gletschcrbakterie, Schmelck, 
Cent. f. Bakt., 4, 1888, 545; Eiscnberg, 
Bakt. Diag., 3 Aufl., 1891, 77.) From 
the melting snow of a glacier. Probably 
a synonym of Pseudomonas Jluorescens. 

Bacillus laclis saponacei Wcigmann 
and Zirn. (Cent. f. Bakt., 15, 1894, 468.) 
From soapy milk. 

Bacterium auxincphilum Jacobs. 
(Ann. Appl. Biol., 2B, 1935, 619.) A 
Gram-negative organism with a polar 
flagellum which liquefies gelatin rapidly. 

Bacterium bosporum Kalnin§. (Lat- 
vijas "Oniversitates Raksti, Serija I, 
No. 11, 1930, 259.) Decomposes cellu¬ 
lose. Single polar flagellum. From soil. 

Raefertum briosu Pavarino. (Atti Ist. 
Bot. d. R. Univ. di Pavia, Ser. 2, IS, 
1910, 337.) The natural host is Lyco- 
perst'eon esculentum. Pavarino (Rev. di 
Patol. Veg., 6, 1913, 161) states that this 
organism and Phytobacter lycopersicum 
Groenewege (Mcdcd. Rijks. Hoogero 
Land, Tuin- en Boschbouwschool, Dell 5, 

1912, 217) should be considered identi¬ 


cal. It closely resembles Bacterium 
vcsicatorium Doidge (Jour. Dept. Agr. 

50. Africa, 1, 1920, 718) according to 
Gardner and Kendrick (Jour. .\gr. Res., 

51, 1921, 140). 

Bacterium elaphorum Kalnins. (Lat- 
vijas Universitutes Raksti, Serija I, 
No. 11, 1930, 257.) Decomposes cellu¬ 
lose. Single polar flagellum. From soil. 

Bacterium Jraenkelii Ilashimoto. (Zeit. 
f. Hyg., 31, 1899, 88.) A jjleomorphic 
polar flagellate bacterium. From milk. 

Bacterium gummis Comes. (Comes, 
Napoli, Maggio 18, 1884, 14; sec Comes, 
Atti d. R. Ist. d’incoraggiamento alii 
Sc., Ser. 3, 5, 1884, 4; Bacillus gummis 
Trevisan, I generi e Ic specie dclle 
Batteriacee, Milano, 1889, 17.) Patho¬ 
genic on grapes, Vilis spp. 

Bacterium krameriani Pavarino. 
(Atti R. Accad. Naz. Lincei Rend. Cl. 
Sci. Fis., Mat. et Nat., SO, 1911, 233.) 
Pathogenic on the orchid, Oncidium 
krameriani. 

Bacterium pusiolum KalniQ§. (Lat- 
vijas Oniversitates Raksti, Serija I, 
No. 11, 1930, 261.) Decomposes cellu¬ 
lose. Single polar flagellum. From 
manure. 

Bacterium protozoides KalninS. (Lat- 
vijas Oniversitates Raksti, Serija I, 
No. 11, 1930, 263.) Decomposes cellu¬ 
lose. Single polar flagellum. From soil. 

Pseudomonas acuta Migula. (Culture 
No. 11, Lcmbke, Arch. f. Hyg., S9, 1897, 
317; Migula, Syst. d. Bakt., S, 1900, 921.) 
From the intestine. 

Pseudomonas alba Migula. {Bacillus 
Jluorescens albus Zimmermann, Bakt. 
unserer Trink- u. NutzwSsser, I Reihe, 
1890, 18; Migula, Syst. d. Bakt., S, 1900, 
909.) From water. Bacillus Jluorescens 
non liquefaciens Eiscnberg, Bakt. Diag., 
3 Aufl., 1891, 145 may be identical ac¬ 
cording to Migula (loc. cil.). 

Pseudomonas allii (Griffiths) Migula. 
{Bacterium allium Griffiths, Proc. Roy. 
Soc. Edinburgh, 51, 1887, 40; Migula, 


• Appendixes I and 11 prepared by Prof. Robert S. Breed, New York State Experi- 
ment Station, Geneva, New York, July, 1943. 
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Syst. d. Bakt., 2, 1900, 932.) From 
rotted onions. 

Pseudotnonas aquatilis Migula. (Tata- 
roff, Inaug. Diss., Dorpat, 1891, 31; 
Migula, Syst. d. Bakt., 2, 1900, 933.) 
From water. Said to form spores. 

Pseudomonas aromalica Migula. 
{Bacillus crassus aromaticus Tataroff, 
Inaug. Diss., Dorpat, 1891, 27; Migula, 
Syst. d. Bakt., 2, 1900, 880.) From 
water. 

Pseudomonas aromalica var. querciio^ 
pyrogallica Kluyver, Hof and Boe- 
zaardt. (Enzymologia, 7 1939, 28.) 

Pseudomonas arliculala Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
462.) From the stomachs of birds. 

Pseudomonas axtcubicola Trapp. 
{Phytopath., 26, 1936, 264.) Isolated 
from Aucuba japonica. Not pathogenic. 

Pseudomonas aurea Migula. {Bacilhis 
fiuorescens aureus Zimmermann, Bakt. 
unserer Trink- u. Nutzwiisscr, I Rcihe, 
1890, 14; Migula, Syst. d. Bakt., 2, 1900, 
931.) From water. 

Pseudomonas brassicae acidae Gruber. 
(Cent. f. Bakt., II Abt., 22, 1909, 558). 
From sauerkraut. Identical with Bac¬ 
terium brassicae acidae Conrad (Arch. f. 
Hyg., 1897,75) according to Lehmann 
and Neumann (Bakt. Diag., 5 .Aull., 2 
1912, 380.) 

Pseudomonas butyri Migula. {Bacil¬ 
lus butyri jluorescens Lafar, Arch. f. 
Hyg., 13, 1891,19; Migula, Syst. d. Bakt., 
2, 1900, 894.) From butter. 

Pseudomonas calciphila Molisch. 
(Cent. f. Bakt., II Abt., 65, 1925, 136.) 
From fresh water. Deposits CaCOa. 

Pseudomonas calco-acetica Clifton. 
(Enzymologia, 4,1937, 246.) 

Pseudomonas capsulala Migula. 
(Syst. d. Bakt., 2, 1900,915; not Pseudo¬ 
monas capsulata Bei^ey et al., ^lanual, 
1st ed., 1923, 124.) Similar to Pseudo¬ 
monas macroselmis Migula. 

Pseudomonas caryocyanea (Dupaix) 
Beijerinck. {Bacillus caryocyaneus Du¬ 
paix, Thesis, Univ. of Nancy, 1933, 1; 
Beijerinck, see Dupaix, i6id., 13; Bac¬ 


terium caryocyaneum Dupaix, ibid., 246.) 
Isolated from rotten willow’ w’ood, from 
yeast mash and bcer-w’ort. Name ap¬ 
pears first as Bacillus caryocyaneus on a 
culture sent by Beijerinck from Delft, 
Holland to the National Collection of 
Type Cultures, Lister Institute, London. 
Regarded by Dupaix as closely related to 
Bacillus cyaneo-fiuorescens Zangemeister 
(Cent. f. Bakt., I Abt., 18, 1895, 321; 
Pseudomonas cyaneo-fiuorescens Migula, 
Syst. d. Bakt., 2, 19(K), 906); Der blaue 
Bacillus, Mildenberg (Cent. f. Bakt., 
II Abt., 66, 1922, 309; Pseudomonas 
mildenbergii Bcrgey et al.. Manual, 3rd 
ed., 1930, 172); and Bacillus pyocyaneus 
Gessard (Compt. rend. Acad. Sci. Paris, 
94, 1882,536). 

Pseudomonas catarrhalis Chester. 
(Bacillus der Hundestaupe, Jess, Cent. f. 
Bakt., II Abt., 25, 1899, 541; Chester, 
Man. Determ. Bact., 1901,308.) Isolated 
from catarrh in dogs. 

Pseudomonas caviae Scherago. (Jour. 
Bact., SI, 1936, 83; Jour. Inf. Dis., 60, 
1937 , 245.) Cause of an epizootic septi¬ 
cemia in guinea pigs. 

Pseudomonas chlorophaena Migula. 
(Syst. d. Bakt., 2, 1900, 899.) 

Pseudomonas coccacea Migula. (Cul¬ 
ture No. 10, Lembke, Arch. f. Hyg., 29, 
1897, 317; Migula, Syst. d. Bakt., 2, 
1900, 924.) From the intestine. 

Pseudomonas cohaerea (sic) (Wright) 
Chester. {Bacillus cohaerens Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 464; 
Chester, Man. Determ. Bact., lOOL 
312.) From water. 

Pseudomonas colt Migula. (Culture 
No. 8, Lembke, Arch. f. Hyg., 29, 1897, 
315; Migula, Syst. d. Bakt., 2, 1900,920.) 
From the intestine. 

Pseudomonas colloides Migula- 
{Bacillus fiuorescens putidus colloides 
Tataroff, Inaug. Diss., Dorpat, 1891, 40; 
Migula, Syst. d. Bakt., 2, 1900, 902.) 
From water. Said to form spores. 

Pseudomonas conradi Lehmann and 
Neumann. (Bakt. Diag., 5 Aufl.» 
1912, 394.) Red pigment. 
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Pseudomonas delabens (Wright) 
Chester. {Bacillus delabens Wriglit, 
Mem. Nat. Acad. Sci., 7, 1S95, 456; 
Chester, Man. Determ. Bact., 1901, 
314.) From water. 

Pseudomonas duplex Migula. (Cul¬ 
ture No. 7, Lembke, Arch. f. Hyg., 29, 
1897, 314; Migula, Syst. d. Bakt., 2, 
1900,922.) From the intestine. 

Pseudomonas ellipsoidca Migula. 
{Bacillus oogenes fluorescens 0, Zorken- 
dorfer. Arch. f. Hyg., 16, 1893, 393; 
Migula, Syst. d. Bakt., 2, 1900, 925.) 
From hens* eggs. 

Pseudomonas ephemerocyanea Fuller 
and Norman. (Jour. Bact., 4^, 1943, 
274.) From soil. Decomposes cel¬ 
lulose. 

Pseudomonas erylhra Fuller and Nor¬ 
man. (Jour. Bact., 46,1943,276.) From 
soil. Decomposes cellulose. 

Pseudomonas erythrospora (Cohn) 
Migula. {Bacillus erythrosporus Cohn, 
Beitr. z. Biol. d. Pflanzen, 3, Heft 1, 
1879, 128; Migula, in Engler and Prantl, 
Die natitrl. Pflanzenfam., 1, la, 1895,29.) 
From air, meat infusion and water. 
Said to form spores. 

Pseudomonas fimbriaia (Wright) 
Chester. {Bacillus fimbriaius Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 463; 
Chester, Man. Determ. Bact., 1901, 
313.) From water. 

Pseudomonas fluorescens exitiosus van 
Ball. (Ztschr. f. POanzenkr., 13, 1903, 
132.) Causes soft rot of shoots and bulbs 
of iris {Iris spp.). 

Pseudomonas foliacea Chester. 
{Bacillus fluorescens foliaceus Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 439; 
Chester, Man. Detcrm. Bact., 1901, 324; 
Bacillus fluorescens-foliaceus Chester, 
ibid.) From water. Very similar to 
Pseudomonas incognita Chester. 

Pseudomonas gasoformans Migula. 
(Ein neuer gosbildender Bacillus, Gart¬ 
ner, Cent. f. Bakt., 16, 1894, 1; Migula,- 
Syst. d. Bakt,, 2, 1900, 883.) Gas 
bubbles in gelatin stab. 


Pscudoinonas gracilis Migula. (Syst. 
d. Bakt., 2, 1900, SSS.) Morphologically 
like Pseudomonas fluorescens Migula. 

Pseudomonas granulata Kern. (.‘\rb. 
bakt. Inst. Karlsruhe, 1, Ilcft 4, 1896, 
464.) From the stomach and intestine 
of birds. 

Pseudomonas halcslorgus Elazari- 
Volcani. (Ph.D. Thesis, Hebrew Univ., 
Jerusalem, 1940.) A halophilic pseudo- 
monad from the Dead Sea. 

Pseudomonas fiydrosulfurea Migula. 
{Bacillus oogenes hydrosulfureus 6, Zor- 
keudorfer, .Arch. f. Hyg., 16, 1893, 385; 
Migula, Syst. d. Bakt., 2, 1900 , 898.) 
From hens’ eggs. 

Pseudomonas iridis van Hall. (Van 
Hall, Thesis, Univ. Amsterdam, 1902 and 
Ztschr. f. Pflanzenkr., 13, 1903, 129; 
Baclerium iridis Elliott, Man. Bact. 
Plant Path., 1930, 142; Phytomonas iridis 
Magrou, in Ilauduroy ct al., Diet. d. 
Bact. Path., Paris, 1937, 369.) Causes a 
rot of bulbs and leaves of iris {Iris spp.). 

Pseudomonas iris (Frick) Migula. 
{Bacillus iris Frick, Arch. f. path. Anat., 
116, 1889, 292; according to Eisenberg, 
Bakt. Diag., 3 Aufl., 1891, 148; Migula, 
Syst. d. Bakt., 2, 1900,931.) 

Pseudomonas ilalica (FoA and Clua- 
pella) Rcinclt. (Quoted from Lehmann 
and Neumann, Bakt. Diag., 7 Aufl., 2, 
1927, 367.) Phospliorescent. 

Pseudomonas javanica (Eijkmann) 
Migula. {Pholobacterium javanense 
Eijkmann, Geneesk. Tijdschr. v. 
Nedcrl.-Indie, 32, 1892, 109; Abst. in 
Cent. f. Bakt., 12, 1892, 656; Bacillus 
javaniensis Dyar, Annals New York 
Acad. Sci., 8, 1895 , 359; Baclerium java¬ 
niensis Chester, Man. Detcrm. Bact., 
1901, 170; Pholobacterium javanicum 

Lehmann and Neumann, Bakt. Diag., 1 
Aufl., 2,1896,199; Migula, Syst. d. Bakt., 
2, 1900, 953.) From sea fish in Java. 
Bluc-grccn luminescence. 

Pseudomonas lactica Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Ileft 3, 1902, 238.) 
From a vegetable infusion. 

Pseudomonas lasia Fuller and Norman. 
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(Jour. Bact., 4^, 1943, 275.) From soil. 
Decomposes cellulose. 

I^scudomonas Umbkei Migula. (Cul¬ 
ture No. 12, Lombke, Arch. f. Hyg., 29, 
1897, 318; Migula, Syst. d. Bakt., 2, 1900, 
890.) From the intestine. 

Pseudomonas liqucfaciens (Tataroff) 
Migula. {Bacillus liqucfaciens Tataroff, 
Inaug. Diss., Dorpat, 1891, 29; Migula, 
Syst. d. Bakt., 2,1900,876.) From water. 

Pseudonionas listeri Weiss. (.\rb. bakt. 
Inst. Karlsrulic, 2, Heft 3, 1902, 260.) 
From a vegetable infusion. 

Pseudomonas longa Migula. {Bacillus 
fluorescens longus Zimmermann, Bakt. 
unscrer Trink- u. Nutzwasser, I Reihe, 
1890, 20; Migula, Syst. d. Bakt., 2, 1900, 
907.) From water. 

Pseudomonas macroselmis Migula. 
{Bacillus fluorescens pulidus Tataroff, 
Inaug. Diss., Dorpat, 1891, 42; Migula, 
in Engler and Prantl, Die natiirl. Pflan- 
zenfam., I, la, 1895, 29.) From water. 

Pseudomonas maidis (Eisenberg) 
Migula. {Bacillus rnaidis Eisenberg, 
Bakt. Diag., 3 Aufl., 1891, 119; Migula, 
Syst. d. Bakt., 2, 1900, 877.) From corn 
grains soaked in water and from feces 
of pellagra patients. 

Pseudomonas maschekii Migula. 
(Blaugriiner Bacillus, Maschek, Bakt. 
Untersuch. d. Leitraeritzer Trinkwasser, 
Jahresber. d. Obcrrcalschule zu Leit- 
meritz, 1887; Migula, Syst. d. Bakt. 2, 
1900, 916.) From water. 

Pseudomonas melochlora (Winkler and 
Schrotter) Migula. {Bacillus mclo- 
chloros Winkler and Schrotter, Ein neuer 
grOnen Farbstoff entwickelnder Bacillus, 
Wien, 1890; Migula, Syst. d. Bakt., 2, 
1900, 893.) From caterpillar feces. 

Pseiidomonas mesenterica Migula. 
{Bacillus fluorescens mesentericus Tata¬ 
roff, Inaug. Diss., Dorpat, 1891, 38;- 
Migula, Syst. d. Bakt., 2, 1900, 903.) 
From water. 

Pseudomonas melalloidea Migula. 
{Bacillus rosaceus metalloides Tataroff, 
Inaug. Diss., Dorpat, 1891, 65; not Bac¬ 
terium rosaceus metalloides Dowdeswell, 
Ann. de Microgr., /, 1888-89, 310, see 


Heffernan, Cent. f. Bakt., II Abt., 8, 
1902, 689; Pseudomonas rosacea Migula, 
in Engler and Prantl, Die natiirl. Pflan- 
zenfam., /, la, 1895, 29; Migula, Syst. d. 
Bakt., 2, 1900, 938.) Single flagellum. 
Red and yellow-red pigment. From 
water. 

Pseudomonas minutissima Migula. 
{Bacillus fluorescens liqucfaciens 
minutissimus Unna and Tommasoli, 
Monatsh. f. prakt. Dcrmat., 8, 1889, 57; 
according to Eisenberg, Bakt. Diag., 3 
Aufl., 1891, 76; Migula, Syst. d. Bakt., 2, 
1900, 891.) Found on human skin in 
cases of seborrhoic eczema. 

Pseudomonas mobilis Migula. (Cul¬ 
ture No. 9, Lembke, Arch. f. Hyg., 29, 
1897, 316; Migula, Syst. d. Bakt., 2, 
1900,923.) From the intestine. 

Pseudomonas monadiformis (Kruse) 
Chester. {Bacillus coli mobilis Messca, 
Riv. d’lgienc, Rome, 1890; Bacillus 
monadiformis Kruse, in Fliigge, Die 
Mikroorganismen, 2, 1896, 374; Chester, 
Man. Determ. Bact., 1901, 308.) From 
typhoid stools. 

Pseudomonas imtddolens Levine and 
Anderson. (Jour. Bact., 2S, 1932, 337.) 
Causes musty odors in eggs. Also milk 
(Olsen and Hammer, Iowa State Coll. 
Jour. Sci.,5,1934,125). 

Pseudomonas mucidolens var. tarda 
Levine and Anderson. (Jour. Bact., 23, 
1932, 337.) Causes musty odors in eggs. 

Pseudomonas nexibilis (Wright) 
Chester. {Bacillus nexibilis Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 441; 
Chester, Man. Determ. Bact., 1901, 309.) 
From water. 

Pseudomonas nivalis Szilvinyi- 
(Cent. f. Bakt., H Abt., 94, 1936, 216.) 
A red chromogen isolated from red snow 
in Austria. 

Pseudomonas ochrolevca Migula. 
{Bacillus y, Zorkendorfer, Arch. f. Hyg., 
16, 1893, 396; Migula, Syst. d. Bakt., 2, 
1900, 897.) From hens’ eggs. 

Pseudomonas oogenes Migula. {Bacil¬ 
lus oogenes kydrosulfureus i, Zorken- 
dorfer. Arch. f. Hyg., Id, 1893, 386; 
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Migula. Syst. d. Bakt., 2, 1900, 878.) 
Single flagellum. From hens’ eggs. 

Pseudomonas ovi Migula. {Bacillus 
oogenes Jluorescens «, Zdrkeiidorfcr, Arch. 

^yS-i 1S93, 395; Migula, Syst. d. 
Bakt., 2, 1900, 924.) From hens’ eggs. 

Pseudomonas ovicola Migula. (i5acj7- 
lus oogenes Jluorescens 7 , Zorkendorfer, 
Arch. f. Hyg., 16, 1893, 394; Migula, 
Syst. d. Bact., 2, 1900, 925.) From hens’ 
eggs. 

Pseudomonas pallesceiis Migula. 

{Bacillus viridis pallescens Frick, in 

Virchow, Arch. f. path. Anat., 116, 1889, 
292; according to Eisenbcrg, Bakt. Diag., 
3 Aufl., 1891, 154; Migula, Syst. d. Bakt., 
1900, 927.) Source not given. 
Pseudomonas pansinii Migula. 

{Bacillus Jluorescens non liquejaciens 
Pansini, in Virchow, Arch. f. path. Anat., 
122, 1890, 452; Migula, Syst. d. Bakt., 2, 
1900, 926.) 

Pseudomonas pelliculosa Migula. 

{Bacillus oogenes Jluorescens 6, Zorken¬ 
dorfer, Arch. f. Hyg., 16, 1893, 395; 
Migula, Syst. d. Bakt., 2, 1900, 926.) 
From hens’ eggs. 

Pseudomonas pellucida Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
465.) From the intestine of birds. 

Pseudomonas plehniae Spieckermann 
and Thienemann. (Arch. f. Hyg., 74, 
1911, 110.) Isolated from carp. Patho¬ 
genic for many species of fish. 

Pseudomonas plicala (Frankland and 
Frankland) Migula. {Bacillus plicatus 
Frankland and Frankland, Phil. Trans. 
Roy Soc. London, 178, B, 1887, 273; 
Migula, Syst. d. Bakt., 2, 1900, 881.) 
From air. 

Pseudomonas pseudolyphosa Migula. 
(Typhusahnlicher Bacillus, Lustig, 
Diag. d. Bakt. d. Wassers, 1893, 16; 
Migula, Syst. d. Bakt., 2, 1900, 893.) 
From water. 

Pseudomonas pullulans (Wright) 
Chester. {Bacillus pullulans Wright, 
Mem. Nat. Acad. Sci., 7, 1894, 445; 
Chester, Man. Determ. Bact., 1901, 315.) 
From water. 


Pseudomonas protea Frost. (U. S. 
Public Health Ser., Hyg. I^b. Bull. 66 , 
1910, 27.) From filtered river water. 
Can be agglutinated by specific typhoid 
immune-serum. 

Pseudomonas rosea Chester. {Bacil¬ 
lus Toseus vini Bordas, Joulin and 
Rackowski, Compt. rend. Acad. Sci. 
Paris, 126, 1898, 1550; Chester, Man. 

■ Determ. Bact., 1901, 327; not Pseudo¬ 
monas rosea Migula, in Bugler and Prantl, 
Die natiirl. Plllanzenfam., 1 , la, 1895,30.) 
From wine. Said to form spores. 

Pseudomonas {Hydrogenomonas) sac- 
charophila Doudoroff. (Enzymologia, 
9, 1940, 50.) From stagnant water. 

Pseudomonas sapolactica (Eichholz) 
De Ros.si. {Bacterium sapolacticum 
Eichholz, Cent. f. Bakt., H Abt., 9, 
1902, 631; De Rossi, Microbiologia 
Agraria e Technica, Torino, 1927, 693.) 
Isolated from soapy milk. 

Pseudomonas sericea Migula. (Sciden- 
glanzender Bacillus, Tatarod, Inaug. 
Diss., Dorpat, 1891, 26; Migula, Syst d. 
Bakt., 2, 1900, 882.) 

Pseudojnonas tenuis Migula. {Bacil¬ 
lus Jluorescens tenuis Zimmermann, Bakt. 
unserer Trink- u. Nutzwasser, I Reilie, 
1890, 16; Migula, Syst. d. Bakt., 2, 
1900, 910.) From water. 

Pseudomonas trommelschldgel (Rav- 
enel) Chester. {Bacillus trommelschldgel 
Ravenel, Mem. Nat. Acad. Sci., 8, 1896, 
26; Chester, Man. Dctcnn. Bact., 1901, 

327. ) From soil. Said to form spores. 
Pseudomonas undulala Chester. 

{Bacillus Jluorescens undulatus Rav^'nol, 
Mem. Nat. Acad. Sci., 8, 1896, 20; 
Chester, Man. Determ. Bact., 1901, 

328. ) From soil. Said to form spores. 
Pseudomonas virescens (Frick) Migula. 

{Bacillus virescens Frick, Arch. f. path. 
Anat., 116, 1889 , 292; Migula, Syst. d. 
Bakt.,j?, 1900,916.) From green sputum. 

Pseudomonas viridans (Symmers) 
Migula. {Bacillus viridans Symmers, 
Brit. Med. Jour., No. 1615, 1891, 1252; 
Abst. in Cent. f. Bakt., 12, 1892, 165; 
Migula, Syst, d. Bakt., 2, 1900, 890.) 
From water. 
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Psevdomonas viridescens Chester. 
(Bacillus viridescens liquefaciens Uav- 
encl. Mem. Nat. Acad. Sci., 8, 1896, 24; 
Chester, Man. Determ. Bact., 1901, 328.) 
From soil. Said to form spores. 

Pseudomonas viridis Migula. (Bacil- 
lis der griinen Diarrhde der Kinder, 
Lesage, .\ich. d. Physiol, norm, et path., 
20, 1SS8. 212; sec Eisenberg, Bakt. Diag., 
3 Aufl., 1891, 23S; Migula, Syst. d. Bakt., 
2, 1900, 886.) From intestine of children. 

Pseudomonas weigmanni Migula. 
(Bakterie IV, Weigmann and Zirn, Cent, 
f. Bakt., 15, 1894, 466; Migula, Syst. d. 
Bakt., 2, 1900, 892.) From soapy milk. 

Pscudomojias zorkendorferi Migula. 
(Bacillus oogenes Jluorcscens a, Zorken- 
dorfer. Arch. f. Hyg., J/?, 1893, 392; 
Migula, Syst. d. Bakt., 2, 1900, S97.) 
From hens’ eggs. 

Appendix II: The following polar flagel¬ 
late organism has been described from 
activated sludge. H. Winogradsky has 
also described polar flagellate forms from 
the same source that form zoogloca 
(Compt. rend. Acad. Sci. Paris, 200, 


1935, 1887; Ann. Inst. Pasteur, 58, 1937, 
333). 

Zoogloea ramigera Kruse emend. 
Butterfield. (Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 1, 1896, 68; 
Butterfield, Public Health Reports, 60, 
1935, 671; Culture No. 50, Wattie, Pub. 
Health Reports, 67, 1942, 1519.) 

Rods: 1 by 2 to 4 microns, with 
rounded ends. Non-spore-forming. 
Capsules present. Motile with a single 
long polar flagellum. Gram-negative. 
Gelatin: No liquefaction. 

Grows better in aerated liquid media. 
Agar: Scant growth. 

Indole not formed. 

No HjS produced. 

No acid or gas from carbohydrates. 
Nitrites not produced from nitrates. 
Optimum pH 7.0 to 7.4. 

Optimum temperature 28® to 30®C. 
Good growth at 20® and at 37®C. Mini¬ 
mum temperature 4®C. 

Strict aerobe. 

Distinctive character; Oxidizes sewage. 
Source: Isolated from activated sludge. 
Habitat: Produces zoogloeal masses in 
activated sludge. 


Genus II. Xanthomonas Dowson* 

(Phjtomonas Bcrgey ct al., Manual, 1st ed., 1923,174; Dowson,Cent, f. Bakt., II Abt., 

100, 1939, 187.) 

Cells usually monotrichous, with yellow, water-insoluble pigment. Proteins arc 
usually readily digested. Milk usually becomes alkaline. Hydrogen sulfide is pro¬ 
duced. Asparagin is not sufficient as an only source of carbon and nitrogen. Acid is 
produced from mono- and disaccharides. Mostly plant pathogens causing necrosis. 
From Gr. xanlhus, yellow; monas, a unit; M. L. monad. 

The type species is Xanthomonas hyacinlhi (Wakker) Dowson. 

Key to the species of genus Xanthomonas. 

1. Colonies yellow. 

a. Gelatin liquefied. 

b. Starch hydrolysis feeble. 

c. Nitrites not produced from nitrates. 

1 . Xanthomonas hyacinthi. 

2 . Xanthomonas pruni. 

3. Xanthomonas viiians. 


• Prepared by Prof. Walter H.Burkholder, Cornell Univ., Ithaca, N. Y., June, 1943. 
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cc. Nitrites produced from nitrates. 

4. Xanthomonas bcticola. 

5. Xanthomonas laclucac-scariolae. 

6. Xanthomonas rubrilineans. 
bb. Starch hydrolysis strong. 

c. Nitrites not produced from nitrates. 

d. No brown pigment in beef-extract agar. 

7. Xanthomonas barbarcae. 

8. Xanthomonas begoniae. 

9. Xanthomonas campestris. 

9a. Xanthomonas campestris var. armoraciae. 

10. Xarithomonas citri. 

11 . Xantho7nonas corylina. 

12. Xanthomonas cucurbilae. 

13. Xanthomonas diejfenbachiae. 

14. Xanthomonas holcicola. 

15. Xanthomonas incanae. 

16. Xanthomonas juglandis. 

17. Xanthomonas lespedezae. 

18. Xanthomonas malvacearum. 

19. Xanthomonas pelargonii. 

20. Xanthomonas phaseoli. 

20a. Xanthomonas phaseoli var. sojense. 

21. Xanthomonas plantaginis. 

22. Xanthomonas ricinicola. 

23a. Xanthomonas iranslucens f. sp. hordei. 

23b. Xanthomonas Iranslucens f. sp. undulosa. 

23c. Xanthomonas Iranslucens f. sp. secalis. 

23d. Xanthomonas Iranslucens f. sp. hordei-avenae. 
23c. Xahthomonas Iranslucens f. sp. cercalis. 

24. Xanthomonas vasculorum. 

25. Xanthomonas vesicaloria. 

25a. Xanthomonas vesicaloria var. raphani. 
dd. Blown pigment produced in beef-extract media. 

26. Xanthomonas nakatae. 

20b. Xanthomonas phaseoli war.fuscans. 
cc. Nitrites produced from nitrates. 

27. Xanthomonas papavcricola. 
ccc. Ammonia formed in nitrate media. 

28. Xanthomonas alfalfae. 
bbb. Starch not hydrolyzed. 

c. Nitrites produced from nitrates. 

29. Xanthomonas acernae. 

cc. Nitrites not produced from nitrates. 

30. Xanthomonas carotae. 

31. Xanthomonas hedcrae. 

32. Xanthomonas phormicola. 

25. Xanthomonas vesicaloria. 

ccc. Ammonia formed in nitrate media. 

33. Xanthomonas geranii. 
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bbbb. Starch hydrolysis not reported. 

c. Nitrites produced from nitrates. 

34. Xanlhomonas antirrhini. 

35. Xanthomonas heterocea. 
cc. Nitrites not produced from nitrates. 

36. Xanthomonas gummisudans. 

37. Xanthomonas taclucae. 

38. Xanthomonas nigromaculans. 
aa. Gelatin not liquefied. 

b. Starch not hydrolyzed. 

39. Xanthomonas oryzae, 
aaa. Gelatin not reported. 

b. Starch hydrolyzed. 

40. Xanthomonas celebensis. 

2. Colonies whitish to cream. 

a. Gelatin liquefied. 

b. Starch hydrolyzed. 

c. Nitrites produced from nitrates, 

41. Xanthomonas panici. 

42. Xanthomonas proteomaculans. 

43. Xanthomonas manihotis. 
cc. Nitrites not reported. 

44. Xanthomonas rvbrisrtbalbicans. 
bb. Starch not reported. 

45. Xanthomonas cannae. 

46. Xanthomonas zingiberi. 

47. Xanthomonas eonjaci. 


1. Xanthomonas hyacinthl (Wakker) 
Dowson. {Bacterium hyacinthi \\s^^keT, 
Botan. Centralblatt, 14, 1883, 315; 
Bacillus hyacinthi Trevisan, Igeneri e le 
specie delle Batteriaccc,1889; 19; Pseudo¬ 
monas hyacinthi Erw. Smith, Bot. 
Gazette, B4, 1897, 188; Phytomonas 
hyacinthi Bergey ^ al.. Manual, 1st cd., 
1923, 177; Dowson, Cent. f. Bakt., II 
Abt., 100, 1939, 188.) From Gr. hy- 
acinfhus, the hyacinth; M. L. Hya- 
cinthus, a generic name. 

Description from Smith, Div. Veg. 
Phys. and Path., U. S. D. A. Bui. £6, 
1901, 40. 

Hods: 0.4 to 0.6 by 0.8 to 2 microns. 
Motile with a polar flagellum. Filaments 
present. Gram-negative. 

Gelatin: Slow liquefaction. 

Agar colonies: Circular, fiat, moist, 
shining, bright yellow. Media stained 
brown. 


Milk: Casein is precipitated and 
digested. Tyrosine crystals produced. 
Nitrites not produced from nitrates- 
Indole: Slight production. 

Hydrogen sulfide is produced. 

Acid, no gas, from glucose, fructose, 
galactose, sucrose and maltose. 

Starch: Hydrolysis slight. 

Optimum temperature 28® to 30®C. 
Maximum34® to35®C. Minimum 4®C. 

Aerobic, with the exception of maltose, 
where it is facultative anaerobic. 

Habitat: Produces a yellow rot of 
hyacinth bulbs, Hyacinthus orientalis. 

2. Xanthomonas pruni (Erw. Smith) 
Dowson. {Pseudomonas pruni Erw. 
Smith, Science, N. S. 17, 1903, 456; 
Bacterium pruni Erw. Smith, Bacteria in 
Relation to Plant Dis., 1, 1905, 171; 
Bacillus pruni Holland, Jour. Bact., 
1920, 220; Phytomonas pruni Bergey et 
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al., Manual, 1st ed., 1923, 179; Dow son, 
Cent. f. Bakt., II Abt., 100, 1939, 190.) 
From L. prunus, plum; M. L. Prunus, a 
generic name. 

Probable synonym: Phytomonas cerasi 
wraggi Sackett, Col. Agr. Exp. Sta. Rept., 
S8, 1925, 17; Pseudomonas cerasi wraggi, 
ibid.; Bacterium cerasi wraggi Elliott, 
Bact. Plant Pathogens, 1930, 111. 

Description from Dunegan, U. S. Dept. 
Agr., Tech. Bull. 273, 1932. 23. 

Rods: 0.2 to 0.4 by 0.8 to 1.0 microns. 
Capsules. Motile with a polar flagellum. 
Gram-ncgat i ve. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Yellow, 
circular, smooth, convex, edges entire. 

Broth: Turbid becoming viscid. 

Milk: Precipitation of casein and 
digestion. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide not produced. Hy¬ 
drogen sulfide produced (Burkholder). 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., S2, 1942, 600). 

Acid from arabinose, xylose, glucose, 
fructose, galactose, mannose, maltose, 
lactose, sucrose, raflinose, melezitose. 

Starch is hydrolyzed (slight). 

Aerobic. 

Optimum temperature 24® to 29 ®C. 
Mtiximum 37®C. 

Source: Smith isolated the pathogen 
from Japanese plums. 

Habitat: Pathogenic on plum {Prunus 
^alicina), peach (P. persica), apricot 
(P. armenicca), etc. 

3. Xanthomonas vltlans (Brown) Starr 
and Weiss. {Bacterium vitians Brown, 
Jour. Agr. Res., J5,1918,379; Phytomonas 
vitians Bergey et al., Manual, Ist ed., 
1923, 183; Pseudomonas vitians Stapp, 
in Sorauer, Handb. d. Pflanzenkrank., 
S, 6 Aufl., 1928, 287; Starr and Weiss, 
Phytopath., 55,1943, 316.) From Latin, 
vitians, injuring, infecting. 

Rods: Motile with bipolar flagella. 
Gram-negative. 


Gelatin: Slow liquefaction. 

Beef-extract agar colonies: Circular, 
smooth, thin, cream to cream-ycllow. 

Broth: Turbid with yellow ring. 

Milk: Clears and turns alkaline. 

Nitrites not produced from nitrates. 

Indole: Feeble production. 

Hydrogen sulfide: Feeble production. 

Acid but not gas from glucose. 

Starch: Feeble hydrolysis. 

Optimum temperature 26® to 28®C. 
Maximum 35®C. Minimum 0®C. 

Aerobic. 

Source: Isolated from the stem of 
diseased lettuce plants from South 
Carolina. 

Habitat: Pathogenic on lettuce, Lac- 
tuca saliva. 

4. Xanthomonas beticola (Smith, 
Brown and Townsend) comb. nov. {Bac¬ 
terium beticolum Smith, Brown and 
Townsend, U. S. Dept. Agr., Bur. Plant 
Ind., Bui. 213, 1911, 194; Pseudomonas 
beticola Holland, .Jour. Bact., 6, 1920, 
224; Phytomonas beticola Bergey ct al.. 
Manual, 1st ed., 1923,182.) From Latin, 
beta, beet; -cola, dweller. 

Description from Brown, Jour. Agr. 
Res., 57, 1928, 167, where the species is 
referred to as Bacterium beticola (Smith, 
Brown and Townsend) Potebnia. 

Rods: 0.4 to 0.8 by 0.6 to 2.0 microns. 
Motile with 1 to 4 polar flagella. Cap¬ 
sules. Gram-variable. 

Gelatin: Liquefaction. 

Beef-agar slants: Moderate filiform 
growth, flat, glistening, yellow. 

Broth: Turbid, yellow ring, abundant 
sediment. 

Milk: Coagulation and peptonization. 

Indole not formed. 

Hydrogen sulfide formed. 

Nitrites produced from nitrates. 

Acid from glucose, sucrose, maltose, 
mannitol. No acid from lactose. 

Starch hydrolysis feeble. 

Optimum temperature 29®C. Maxi¬ 
mum 39®C. Minimum 1.6®C. 
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Optimum pH 6.5. Maximum 9.0 to 
9.5. Minimum 4.5 to 4.8. 

Tolerates salt up to 9 per cent. 
Aerobic. 

Source: Isolated from galls on sugar 
beets collected in Colorado, Kansas, 
and Virginia. 

Habitat: Produces gall on sugar beets 
and on garden beets. 

Note: It is doubtful whether this 
species belongs in this genus. 

5. Xanthomonas lactucae*scarioIae 
(Thornberry and Anderson) comb. nov. 
{Phylomonas laclucae-scariolae Thorn- 
berry and Anderson, Phytopath., 27, 
1937, 109.) From Lacluca scariola, the 
host. 

Rods: 0.5 to 1.0 by 1.0 to 1.5 microns. 
Motile with 1 or 2 polar flagella. Chains 
present. Capsules. Gram-negative. 
Gelatin: Slow liquefaction. 

Glucose agar colonies: Round, entire, 
finely granular, amber yellow. 

Broth: Turbid. No pellicle. A yel¬ 
low rim. 

Milk: Slight acid, and peptonization. 
Nitrites are produced from nitrates. 
Hydrogen sulfide not formed. 

No gas from carbon sources. 

Starch: Slight diastatic activity. 
Optimum temperature 25°C. Maxi¬ 
mum 35®C. Minimum 7®C. 

Aerobic. 

Source: Isolated from necrotic lesions 
on wild lettuce. 

Habitat: Pathogenic on wild lettuce, 
Lacluca scariola, but not on cultivated 
lettuce, Lacluca saliva. 

6 . Xanthomonas ruhrilineans (Lee et 
al.) Starr and Burkholder. {Phylomonas 
ruhrilineans Lee, Purdy, Barnum and 
Martin, Hawaiian Sugar Planters* Assoc. 
Bull., 1925,25; Pseudomonas ruhrilineans 
Stapp, in Sorauer, Handb. d. Pflanzen- 
krank., S, 5 Aufl., 1928, 35; Baclerium 
ruhrilineans Elliott, Man. Bact. Plant 
Path., 1930, 195; Starr and Burkholder, 
Phytopath., SS, 1942, 600.) From L. 
ruber, red; lineans, striping. 


Rods: 0.7 by 1.67 microns. Motile 
with 1 or seldom more polar flagella. 
Gram-negative. 

Gelatin: Liquefaction. 

Agar (Beef-extract + glucose) col¬ 
onies: Small, smooth, glistening, buff to 
yellow. 

Broth: Turbid with pellicle. Sedi¬ 
ment. 

Milk: Casein precipitated and digested. 

Nitrites are produced from nitrates. 

Indole not produced. 

Hydrogen sulfide not formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 600). 

Acid from glucose, fructose, arabinose, 
xylose, lactose, sucrose, raffinose and 
mannitol. 

Starch: Slight hydrolysis. 

Growth range, pH 5.4 to pH 7.3. 

Facultative anaerobe. 

Source: Description from 3 cultures 
isolated from the red stripe lesions in 
sugar cane. 

Habitat: Pathogenic on sugar cane. 

7. Xanthomonas barbareae Burkholdo ■ 
(Burkholder, Phytopath., 31, 1941, 348* 
Phylomonas harhareae Burkholder, ibid.) 
From M. L. Barbarca, a generic name. 

Rods: 0.4 to 0.95 by 1.0 to 3.15 microns. 
Motile with a single polar flagellum. 
Gram-negative. 

Gelatin: Liquefaction. 

Beef-extract peptone colonies: Cir¬ 
cular, yellow, smooth, butyrous, growth 
moderate. 

Potato glucose agar: Growth abun¬ 
dant, pale yellow. Mucoid. 

Broth: Turbid, yellow granular ring. 

Milk: Soft curd, with clearing and 
production of tyrosine crystals. Litmus 
reduced. 

Nitrates utilized but no nitrites formed. 
Asparagine and nitrites not utilized. 

Hydrogen sulfide produced. 

Indole not formed. 

Lipolytic (Starr and Burkholder, loc. 
cit.). 

Acid from glucose, galactose, xylose, 
maltose, sucrose, and glycerol. Alkali 
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produced from salts of malonic, citric, 
malic, and succinic acids. Rhamnose, 
salicin and hippuric acid salts not 
utilized. 

Starch hydrolyzed. 

Aerobic. 

Distinctive characters: Similar to 
Xanihomonas campestris but does not 
infect cabbage, cauliflower or horseradish. 

Source: From black rot of winter cress, 
Barbarea vulgaris. 

Habitat: Pathogenic on leaves and 
stems of Barbarea vulgaris. 

8 . Xanthomonas begonlae (Takimoto) 
Dowson. {Bacterium begoniae Takimoto, 
Jour. Plant. Protect., et, 1934, 262; 
Pseudomonas begoniae Stapp, Arbeiten 
Biol. Reichsanst. f. Land- und Forstw., 
1938, 392; Pkijtomona^ begoniae Burk¬ 
holder, in Manual, 5th ed., 1939, 162; 
Dowson, Cent. f. Bakt., II Abt., 100, 
1939, 190.) From M. L. Begonia, a 
generic name. 

Probable synonyms: Bacterium be¬ 
goniae Buchwald nom. nud., Gartner- 
Tidende, 4S, 1933, 1; Phytornonas flava 
begoniae Wieringa, Tidschr. Plantziekt., 
41, 1935, 312; Bacterium jlavozonata 
McCulloch, Jour. Agr. Res., 64, 1937, 859 
{Xanthomonas flavozonatum Dowson, loc. 

at.). 

Translated by Dr. IC. Togashi. 

Rods: 0.5 to 0.6 by 1.2 to 2.0 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: No liquefaction. Liquefac¬ 
tion (Wieringa, loc. cil., McCulloch, 
loc. cil., Dowson, loc. cit., and Stapp, 
loc. cit.). 

Potato agar colonics: Circular, convex, 
smooth, moist, shining, yellow'. 

Broth: Turbid. Yellow pellicle and 

precipitation. 

Milk: No coagulation. Casein digested 
Alkaline. 

Nitrites not produced from nitrates. 

Indole not produced. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., S$, 1942, 600). 


Starch hydrolyzed (Dowson, Jour. 
Roy. Ilort. Soc., 63, 1938, 289). 

No acid or gas in peptone brotli from 
glucose, sucrose, lactose or glycerol. 
Acid from glucose, sucrose, lactose, 
mannitol and glycerol in peptone-free 
medium (McCulloch, loc. cit.). 

Optimum temperature 27°C. Maxi¬ 
mum 37“C. Minimum I'" to 3‘^C. 

Source: Isolated from leaf spot of 
begonia. 

Habitat: Pathogenic on Begonia spp. 

9. Xanthomonas campestris (Pam- 
mel) Dowson. {Bacillus campestris 
Pammel, Iowa Agr. Exp. Sta. Bull. 27, 
1895, 130; Pseudomonas campestris Erw'. 
Smith, Cent. f. Bakt., 11 Abt., S, 1807, 
284; Bacterium campestris (sic) Chester, 
Del. Col. Agr. Exp. Sta. Ann. Kept., 9, 
1897, 110; Phijtomonas campestris Bergey 
etal.,Manual, 1st ed., 1923,176;Dowson, 
Cent. f. Bakt., II Abt., 100, 1930, 190.) 
From L. campestris of the field. 

Description from McCulloch (Jour. 
Agr. Res., 38, 1920 , 278). Species is 
probably composed of several varieties. 
See descriptions by Mekta, Ann. Appl. 
Biol., 12, 1925, 330; Paine and Nirula, 
Ann. .\ppl. Biol., 15, 1928, 46; Wormald 
and Frampton, Ann. Rept. East. Mall. 
Res. Sta., 1926 and 1927, II Supplement, 
1928, 108; and others. 

Rods: 0.3 to 0.5 by 0.7 to 2.0 microns. 
Motile with a polar flagellum. Capsules. 
Gram-negative. 

Gelatin: Liquefied. 

Beef agar colonics: Wax yellow', round, 
smooth, shining, translucent, margins 
entire. 

Broth: Turbid with yellow rim and 
sometimes a pellicle. 

Milk: Casein digested w’ith the forma¬ 
tion of tyrosine crystals. Alkaline. 

Nitrites not produced from nitrates. 

Indole formation weak. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., S2, 1942, 600). 

Acid, no gas, from glucose, sucrose, 
lactose, glycerol and mannitol. 
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Starch is hydrolyzed. 

Optimum temperature 28° to 30°C. 
Maximum 36°C. 

Aerobic. 

Distinctive characters: Causes a vas¬ 
cular infection in cabbage, cauliflower 
and rutabagas. 

Source: Pammel {loc. cit.) first isolated 
the pathogen from diseased rutabagas. 

Habitat: Pathogenic on cabbage, cauli¬ 
flower and other related species. 

9a. Xanthomonas campestris var, ar- 
7noraciae (McCulloch) Burkholder. 
(Bacterium campestre var. armoractae 
McCulloch, Jour. Agr. Res., 58, 1929, 
269; Phytomonas campestris var. ar- 
moraciae Bergey et al., Manual, 3rd ed., 
1930, 251; Burkholder, Phytopath., S2, 
1942, 601.) From Gr. Armoracia, the 
horse radish. 

Cultural characters same as Xanth 0 ‘ 
monas campestris. 

Distinctive characters: Causes a leaf 
spot of horse radish. No vascular in¬ 
fection. 

Source: Isolated from diseased horse¬ 
radish leaves collected in Washington, 
D. C., Virginia, Connecticut, Iowa and 
Missouri. 

Habitat: Pathogenic on horse radish 
and related species. 

10. Xanthomonas cltrl (Hasse) Dowson. 
(Pseudomonas citri Hasse, Jour. Agr. 
Res., 4, 1915,97; Bacterium citri Doidge, 
Union So. Africa, Dept. Agr. Sci. Bui. 8, 
1916, 20; Bacillus citri Holland, Jour. 
Bact., 6, 1920, 218; Phytomonas citri 
Bei^ey et al., Manual, 1st ed., 1923,181; 
Dowson, Cent. f. Bakt., II Abt., 100, 
1939,190.) From M. L. Citrus, a generic 
name. 

Rods: 0.5 to 0.76 by 1.5 to 2 microns, 
occurring in chains. Motile with a single 
polar flagellum. Gram-negative. 
Gelatin: Liquefied. 

Beef agar colonies: Appear in 36-48 
hours, circular, smooth, raised, dull 
yellow. 

Broth: Turbid in 24 hours. A yellow 
ring formed. 


Milk: Casein is precipitated. 

Nitrites not produced from nitrates. 

Hydrogen sulfide produced (Reid, New 
Zealand Jour. Sci. andTech.,^:?, 1038,60). 

Indole not formed. 

No gas from glucose, lactose or man¬ 
nitol. 

Starch hydrolyzed (Reid, loc. cit.). 

Aerobic. 

Optimum temperature, 25° to 34 °C. 
Maximum 38°C. Minimum 10°C. 
(Okabe, Jour. Soc. Trop. Agr., 4, 1932, 
476). 

Source: Isolated from cankeron orange. 

Habitat: Produces a canker on many 
species of Citrus and related plants. 

11. Xanthomonas coryllna Miller, Bol- 
len, Simmons, Gross, and Barss. (Miller 
et al., Phytopath., SO, 1940, 731; Phyto¬ 
monas corylina Miller et al., ibid.) 
From Gr. corylus, the hazelnut; M. L. 
corylina, of the hazel nut. 

Rods: 0.5 to 0.7 by 1.1 to 3.8 microns. 
Motile with a polar flagellum. Capsules. 
Gram-negative. 

Gelatin: Liquefaction. 

Nutrient glucose-agar streaks: Abun¬ 
dant grow th, filiform, convex, glistening, 
smooth, opaque, pale lemon yellow, viscid. 

Broth: Turbid. Ring formed in 2-5 
days. 

Milk: Enzymatic curd that is slowly 
digested. Litmus reduced. Crystal for¬ 
mation (Burkholder). 

Nitrites not produced from nitrates. 

Nitrogen sources utilized are peptone, 
aspartic acid, alanine, leucine, sodium 
ammonium phosphate, allantoin, tyro¬ 
sine, uric acid and brucine. 

Indole is not produced. 

Hydrogen sulfide not produced on lead 
acetate agar. HjS produced after Zobell 
and Feltham’s method (Burkholder). 

Selenium dioxide reduced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 58, 1942, 600). 

Acid, no gas from glucose, fructose, 
galactose, lactose, sucrose, maltose, xy¬ 
lose, raffinose, mannitol, glycerol, and 

starch. Alkali from salts of citric, lactic, 
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malic and succinic acids. Arabinose, 
rhamnose, dulcitol, salicin, inulin, and 
cellulose not utilized. 

Starch is hydrolyzed. 

Optimum temperature 2S® to 32°C. 
Maximum 37°C. Minimum 5® to 7°C. 
Thermal death point 53“ to 55“C. 

pH range for growth: pH 5.2 to 10.5. 
Optimum pH 6 to 8. 

Strict aerobe. 

Distinctive characters: Cultural char¬ 
acters the same or similar to Xantho- 
monas juglandis. The two species do 
not cross-infect. 

Source: 26 isolates from widely scat¬ 
tered filbert orchards in Oregon and 
Washington. 

Habitat: Pathogenic on filberts (Cory- 
lu8 avellana and C. maxima). 

12. Xanthomonas cucurbltae (Bryan) 
Dowson. (Bacterium cuciirbiiae Bryan, 
Science, 6S, 1926, 165; Bryan, Jour. Agr. 
lies., 40, 1930, 389; Phylomonas cwcur- 
bilae Bergey et al., Manual, 3rd ed., 
1930,251; Pseudomonas cucurbitae Stapp, 
Bot. Rev., 1, 1935, 408; Dowson, Cent. f. 
Bakt., II Abt., 100, 1939, 190.) From L. 
curcurbita, a gourd; M. L. Cucurbita, a 
generic name. 

Rods: 0.45 to 0.6 by 0.5 to 1.3 microns. 
Motile, usually with a single polar flagel¬ 
lum. Gram-negative. 

Gelatin: Liquefied. 

Beef-agar slants: Growth moderate, 
mustard yellow, undulating margins, 
viscid to butyrous. 

Broth: Moderately turbid. Ring and 
yellow sediment. 

Milk; Precipitation of casein and diges¬ 
tion. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

Acid from glucose, galactose, fructose, 
lactose, maltose, sucrose and glycerol. 
No acid from mannitol. 

Starch is hydrol 5 r 2 ed. 

Optimum temperature 25“ to 30®C. 
Maximum 36*C. 


Optimum pH 6.5 to 7.0. Limits of 
growth pH 5.8 to 9.0. 

Slight growth in 5 per cent salt. 

Aerobic. 

Source: Species first isolated from 
squash. 

Habitat: Causes a leaf spot of squash 
and related plants. 

13. Xanthomonas dlefifenbachlae (Mc¬ 
Culloch and Pirone) Dowson. (Phy- 
totnonas dieffenbackiae McCulloch and 
Pirone, Phytopath., 29, 1939, 962; Bac- 
terium dieffenbackiae McCulloch and 
Pirone, ibid.; Dowson, Trans. Brit. 
Mycol. Soc., 26, 1943, 12.) From M. L. 
Dieffenbachia, a generic name. 

Rods: 0.3 to 0.4 by 1.0 to 1.5 microns. 
Motile with a single polar flagellum. 
Capsules. Gram-negative. 

Gelatin: Liquefied. 

Beef-infusion peptone agar colonies: 
Slow growing, circular, flat, smooth, 
translucent. Butyrous. Massicot to 
Naples yellow. 

Broth: Turbid. Yellow rim or slight 
pellicle. 

Milk: Slow peptonization and forma¬ 
tion of tyrosine crystals. Litmus re¬ 
duced. 

Nitrites not formed from nitrates 

Indole not produced. 

Hydrogen sulfide produced. 

Acid from glucose, sucrose, lactose, 
galactose, fructose and glycerol. Growth 
but no acid in maltose and mannitol. 

Starch moderately hydrolyzed. 

Optimum temperature 30® to 31 “C. 
Maximum 37“ to 38®C. Minimum 5“C. 

Aerobe. 

Source: Seven isolates from diseased 
leaves of Dieffenbachia picla. 

Habitat: Pathogenic on Dieffenbachia 
picta. Artificial infection of Dracaena 
fragrans. 

14. Xanthomonas holclcola (Elliott) 
Starr and Burkholder. (Bacterium hoi- 
cicala Elliott, Jour. Agr. Res., 40, 1930, 
972; Phylomonas holcicola Bergey et al., 
Manual. 4th ed.. 1934, 271; Pseudomonas 
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holcicola Stapp, Bot. Rev., 1, 1935, 407; 
Starr and Burkholder, Phytopath., SB, 
1942, 600.) From Gr. holcus, sorghum, 
-cola, dweller; M. L. IIolcus, a generic 
name. 

Rods: 0.75 by 1.5S microns. Motile 
xsdth 1 or 2 polar flagella. Capsules. 
Gram-negative. 

Gelatin: Liquefied. 

Beef-infusion peptone agar colonics: 
Round, umbonate, glistening, smooth, 
translucent to opaque, wax yellow, buty- 
rous. 

Broth: Trace of growth in 24 hours. 
Later turbid with a slight ring. 

Milk: Casein precipitated and pep¬ 
tonized. Alkaline. 

Nitrite production doubtful. 

Indole not produced. 

Hydrogen sulfide is produced. 
Lipolytic (Starr and Burkholder, loc. 
cit.). 

Acid, no gas, from sucrose. 

Starch is hydrolyzed. 

Optimum temperature 28® to 30®C. 
Maximum 36® to 37®C. Minimum 4®C. 

Optimum pll 7.0 to 7.5. Growth 
range pH 5.5 to 9.0. 

Source: Isolated from many collections 
of sorghum leaves showing a streak 
disease. 

Habitat: Pathogenic on leaves of 
Holcus sorghum and H. halepensis. 

15. Xanthomonas incanae (Kendrick 
and Baker) Starr and Weiss. {Phyto- 
monos incanae Kendrick and Baker, 
California Bull. 665, 1942, 10; Starr and 
Weiss, Phytopath., S3, 1943, 316.) From 
its host plant Matthiola incana; L. 
incanus, quite gray or hoary. 

Rods: 0.4 to 0.8 by 0.6 to 2.5 microns. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: Liquefied. 

Beef extract agar colonies: Round, 
smooth, convex or pulvinate, glistening, 
mai^in entire, picric yellow to amber color. 
Broth: Turbid. 

Milk: No coagulation. A clearing of 
the medium. 


Nitrites not produced from nitrates. 

Indole not formed. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 32, 1942, GOO). 

Acid but no gas from glucose, lactose, 
sucrose, mannitol, d-galactose, xylose, 
d-mannose, raffinose, trehalose, and glyc¬ 
erol. No acid from maltose, 1-arabinose, 
or rhamnose. 

Starch not hydrolyzed. Starch hy¬ 
drolyzed (Burkholder). 

Tolerates 3 per cent salt. 

Growth in beef broth at pH 4.4. 

Aerobic. 

Distinctive characters: Causes a dis¬ 
ease of flowering stock but not of cabbage. 
Differs from Xanthomonas campestris in 
that it does not utilize l-arabinose, nor 
maltose. 

Source: Four isolates from diseased 
plants of Matthiola incana. 

Habitat: Pathogenic on flowering 
stocks. 

16. Xanthomonas juglandis (Pierce) 
Dowson. {Pseudomonas juglandis Pierce, 
Bot. Gaz., SI, 1901, 272; Bacterium 
juglandis Erw. Smith, Bacteria in Rela¬ 
tion to Plant Dis., 1, 1905, 171; Bacillus 
juglandis Holland, Jour. Bact., 6, 1920, 
218; Phytomonas juglandis Bergey et al., 
Manual, 3rd ed., 1930, 247; Dowson, 
Cent. f. Bakt., II Abt., 100, 1939, 190.) 
From L. juglans {-andis), the walnut; 
M. L. Juglans, a generic name. 

Description taken from Miller et al., 
Phytopath., SO, 1940, 731. 

Rods: 0.5 to 0.7 by 1.1 to 3.8 microns. 
Motile with a polar flagellum. Capsules. 
Gram-negative. 

Gelatin: Liquefaction. 

Nutrient glucose-agar streaks: Abun¬ 
dant growth, filiform, convex, glistening, 
smooth, opaque, pale lemon yellow, 
viscid. 

Broth: Turbid. Ring formed in 2 to 
5 days. 

Milk: Enzymatic curd that is slowly 
digested. Litmus reduced. Crystal for¬ 
mation (Burkholder). 

Nitrites not produced from nitrates. 
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Nitrogen sources utilized are peptone, 
aspartic acid, alanine, leucine, sodium 
ammonium phosphate, allantoin, tyrosine 
uric acid and brucine. 

Indole is not produced. 

Hydrogen sulfide not produced on lead 
acetate agar. HaS produced after Zobell 
and Feltham’s method (Burkholder). 

Selenium dioxide reduced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 32, 1942, 600). 

Acid, no gas from glucose, fructose, 
galactose, lactose, sucrose, maltose, xy¬ 
lose, raffinose, mannitol, glycerol, and 
starch. Alkali from salts of citric, lactic, 
malic and succinic acid. Arabinose, 
rhamnose, dulcitol, salicin, inulin, and 
cellulose not utilized. 

Starch is hydrolyzed. 

Optimum temperature 28® to 32®C. 
Maximum 37®C. Minimum 5® to 7®C. 
Thermal death point 53® to 55®C. 

pH range for growth pH 5.2 to 10.5. 
Optimum pH 6 to 8. 

Source: Isolated from black spots on 
the leaves and nuts of English walnuts, 
Juglans regia. 

Habitat: Pathogenic on the walnut, 
Juglans spp. 

17. Xanthomonas lespedezae (Ayers, 
Lefebvre and Johnson) comb. nov. {Phy~ 
lomonas lespedezae Ayers, Lefebvre and 
Johnson, U. S. Dept. Agr. Tech. Bui. 
704, 1939, 19.) From M. L. Lespedeza, 
a generic name. 

Rods: 0.56 by 1.62 microns. Single, 
in pairs or occasional short chain. Mo¬ 
tile with 1 polar flagellum. Gram¬ 
negative. Capsules. 

Gelatin: Liquefied. Also egg albumin 
and blood serum. 

Nutrient agar colonies: Circular, 
raised, glistening, translucent, and vis¬ 
cid. Yellow. 

Broth: Turbid in 48 hours. 

Milk: Peptonized and becomes alka¬ 
line. 

Nitrites not produced from nitrates. 

Indole is produced after 11 days. 

Hydrogen sulfide is produced. 


No gas in carbohydrates. 

Starch hydrolyzed. 

Aerobic. 

Optimum temperature near 35®C. 
No growth at 5®C. or at 40®C. 

Source: Isolated from diseased Lcs- 
pedeza spp. collected in Virginia, New 
York and Illinois. 

Habitat: Pathogenic on Lespedeza spp. 

18. Xanthomonas malvacearum (Erw. 

Smith) Dowson. {Pseudomonas mal¬ 
vacearum Erw. Smith, U. S. Dept. Agr., 
Div. Veg. Phys. and Path., Bui. 28, 1901, 
153; Bacterium malvacearum Erw. Smith, 
Bact. in Rel. to Plant Diseases, 1, 1905, 
171; Bacillus malvacearum Holland, 
Jour. Bact., 5, 1920, 219; Phytomonas 
malvacearum Bergey et al., Manual, 1st 
ed., 1923, 178; Dowson, Cent. f. Bakt., 
II Abt., 100, 1939, 190.) From L. 
malva, mallows; M. L. Malvaceae, a 
family name. 

Description from Elliott, Man. Bact, 
Plant Pathogens, 1930, 153; and Lewis, 
Phytopath., 20, 1930, 723. 

Rods: Motile with one polar flagellum. 
Gram-negative. 

Gelatin: Liquefaction. 

Agar slants: Moderate growth, convex, 
smooth, glistening, pale yellow, wavy to 
irregular margins. 

Broth: Slight to moderate turbidity. 
Sediment. 

Milk: Casein precipitated and slowly 
digested. 

Nitrites not produced from nitrates. 

Hydrogen sulfide is produced (Burk¬ 
holder). 

Not lipolytic (Starr and Burkholder, 
Phytopath., 32, 1942, 600). 

Acid but not gas from glucose, galac¬ 
tose, fructose, xylose, lactose, maltose, 
sucrose, raffinose, glycerol, inulin and 
glycogen. Alkaline reaction from salts 
of acetic, citric, lactic and succinic acids. 
No fermentation of arabinose, mannitol, 
dulcitol, salicin, and salts of formic, 
oxalic and tartaric acids (Lewis, loc. cit). 

Starch hydrolyzed (Lewis, loc, cit.). 
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Optimum temperature 25® to 30®C. 
Maximum 36® to 38®C. (Elliott, loc. cit.). 

Source : Isolated from angular leaf spot 
of cotton. 

Habitat: Pathogenic on cotton where- 
ever it is grown, causing a leaf spot, a 
stem lesion and a boll lesion. 

19. Xanthomonas pelargonii (Brown) 
Starr and Burkholder. {Bacterium pe~ 
largoni Brown, Jour. Agr. Res., 2S, 1923, 
372; Pseudomonas pelargoni Stapp, in 
Sorauer, Handb. d. Pflanzenkrank, 2, 5 
Aufl., 1928, 181; Phylomonas pelargonii 
Bergoy ct al., Manual, 3rd ed., 1930, 
250; Starr and Burkholder, Phytopath., 
S2y 1942, 600.) From Greek, pelargus, 
the stork; M. L. Pelargonium, a generic 
name for the stork’s bill geranium. 

Rods: 0.67 by 1.02 microns. Capsules. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: Slow liquefaction. 

Beef-agar colonics: Cream-colored, 
glistening, round, with delicate internal 
markings. 

Broth: Turbid in 24 hours. Incom¬ 
plete pellicle. 

Milk: Alkaline. Clearing in bands. 
Nitrites not produced from nitrates. 
Indole formation slight. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath,, 32, 1942, 600). 

Slight acid but not gas from glucose, 
sucrose and glycerol. 

Starch hydrolysis feebly positive. 
Optimum temperature 27®C. Maxi¬ 
mum 35®C. 

No growth in broth plus 3.5 per cent 
salt. 

Aerobic. 

Source: Isolated from spots on leaves 
of Pelargonium from District of Colum¬ 
bia, Maryland and New Jersey. 

Habitat: Pathogenic on Pelargonium 
spp, and Geranium spp. 

20. Xanthomonas phaseoU (Erw. 
Smith) Dowson. {Bacillus phased iErvr, 
South, Bot. Gaz., 24, 1897,192; A. A. A. 


S. Proc., 4^, 1898, 288; Pseudomonas 
pkaseoli Erw. Smith, U. S. Dept. Agr., 
Div. Veg. Phys. and Path., Bui. 28,1901, 
1; Bacterium phascoli Erw. Smith, 
Bact. in Rel. to Plant Dis., 1, 1905, 72; 
Phylomonas phaseoli Bergcy et al.. 
Manual, 1st cd., 1923, 177; Dowson, 
Cent. f. Bakt., II Abt., 100, 1939, 190.) 
From Gr. phascolus, the bean; M. L. 
Phaseolus, a generic name. 

Description from Burkholder, Cornell 
Agr. Exp. Sta. Mem. 127, 1930, 18; 
and Phytopath., 22, 1932, 609. 

Rods: 0.87 by 1.9 microns. Motile 
with a polar flagellum. Gram-negative. 

Gelatin: Liquefaction. 

Beef-extract agar colonies: Circular, 
amber yellow, smooth, butyrous, edges 
entire. 

Broth: Turbid in 24 hours. Yellow 
ring. 

Milk: Casein precipitated and digested. 
Alkaline. Tyrosine crystals formed. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, Phy* 
topath., 55, 1942, 600). 

Acid but not gas from glucose, galac¬ 
tose, fructose, arabinose, xylose, maltose, 
lactose, sucrose, raffinose and glycerol. 
Alkaline reaction from salts of acetic, 
malic, citric and succinic acids. Man¬ 
nitol, dulcitol, salicin and formic and 
tartaric acids not fermented. 

Starch is hydrolyzed. 

Aerobic. 

Very slight growth in beef broth plus 
4 per cent salt (Hedges, Jour. Agr. Res., 
29, 1924, 243). 

Distinctive character: Similar in cul¬ 
ture to Xanthomonas campestris, X. 
juglandis, X. vesicaloria, etc., but they 
do not cross infect. 

Habitat: Pathogenic on the bean 
{Phaseolus vulgaris), the hj'acinth bean 
{Dolickos lablab), the lupine {Lupinus 
polyphillus) , etc. Not path(^enic on 
the Boy bean {Glycine sp.), nor cowpea 
{Vigna sp.). 


family pseudomonadaceae 
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20a. XanthomonasphaseoH var. soicnsis 
(Hedges) Starr and Burkholder. {Bac¬ 
terium phaHeoli var. sojense Hedges 
Science, 56, 1922. 11; Jour. Agr. Res.. 
^9, 1924 , 229; Phytomonas phaseoli var 
sojense Burkholder, Phytopath.. 20, 
1930, 7; Starr and Burkholder, Phyto' 
path., S2, 1942, 600.) From M. L. the 
soy bean, Soja, a generic name; M. L. 
sojensts, of the soybean. 

Synonyms: Pseudomonas glycines Na- 
kano, Jour. Plant Protect. Tokyo, 6, 1919 
39 {Bacterium glycines Elliott. Rlanual 
Bact. Plant Path., 1928, m-, Phytomonas 
g^cxnes Magrou, in Ilaudiiroy ct al 
Diet. d. Bact. Path., 1937, 358). (Sec 
lakimoto. Jour. Plant Protect. Tokyo. 

1931, 29; and OUbc, Jour. Trop. 
Agr. Formo.sa, 4, 1932, 473.) 

Distinctive character: Differs from 
Xanlhomonaa phascoli in that it infects 
the soy bean. Glycine max. 

Source: Isolated from pustules on the 
I eaves and jiods of soy bean, both in 
America and in Japan. 

Habitat: Pathogenic on the soy bean 

(Pyctne max and the common bean 
Phaseolua vulgaris. 

20b. Xanlhomonaa phaseoli var. /««- 
cans (Burkholder) Starr and Burkholder. 
phytomonas phaseoli war. Juacana Burk¬ 
holder, Cornell Agr. Exp. Sta Mem. 126, 
1930, 22; Phytopath., 22, 1932, 699; 
ipcterium phaseoli var. fuacana Okabc, 
Jour. Soc. Trop. Agr. Formosa, 5, 1933, 
tOl : Pseudomonas phaseoli var. fuacana 
«tapp. Hot. Ucv.. 1936. 407; Starr and 
Burkholder. Phytopath., S2, 1942. 600.) 

hrom h. fuacana, producing a brown 
color. 

Distinctive characters: Differs from 
Xaphomonaa phaseoli in that it produces 
tt deep brown color in boef-extraot-pop. 
tone media and in tyrosine media. 
AcBon on malUiso negative or feeble. 

Source: Two cultures isolated; one 
from a diseased bean leaf (1924) and a 
diaeased pod (1027) collected in Swits- 

erlaod. 


Habitat:*Pathogenic on beans, Phase- 
olus vulgaris, and related plants. 

21 . Xanthomonas plantaginis (Thorn- 

berry and Anderson) comb. nov. {Phy¬ 
tomonas plantaginis Thornberry and 
Anderson, Phytopath., 27, 1037, 947.) 
From Latin, Plantago jdantain; 

M- L. Plantago y a generic name. 

Rods: 0.6 to 1.0 by 1.0 to 1.8 microns. 
Occurring singly or in chains. Capsules 
Motile with 1 to 2 polar flagella. Gram- 
negative. 

Gelatin: Slight liquefaction. 

Glucose agar slant: Growth moderate, 
filiform, raised, opaque, yellow and 
viscid. 

Broth; Moderately turbid with ring. 
Milk: Slight acidity, no reduction of 
litmus. Peptonization. 

Nitrites not produced from nitrates. 
Indole not formed. 

Hydrogen sulfide not produced. 

No appreciable amount of gas from 
carbohydrates. 

Starch is hydrolyzed. 

Optimum temperature 25°C. Mini¬ 
mum 12‘’C. Maximum SfiX. Thermal 
death point 50®C. 

Aerobic. 

Source; From diseased loaves of Plan¬ 
tago lanceolata in Illinois. 

Habitat: Pathogenic on Plantagospp. 

22. Xanthomonas ricinlcola (Elliott) 
Dow’son. {Bacterium ricini Yoshi and 
Takimoto, Jour. Plant Protect. Tokyo, 
t5, 1928, 12; Bacterium ricinicola Elliott, 
Man. Bact. Plant Path., 1930,193; Phylo- 
monaa ricinicola Burkholder, in Manual 
5th cd., 1939, 162; Dowson, Cent f' 
Bakt., II Abt., 100, 1939, 190; Xanlho- 
monaa ricini Dowson, ibid.) From L. 
living on the castor bean ; M. L. Ricinua, 
a generic name. 

Bode: 0.4 to 0.9 by 1.3 to 2.6 microns. 
Capsules. Short chains. Motile with 
polar flagella. Gram-negativo. 

Gelatin: Liquefaction. 

Nutrient agar colonics: Lemon yellow, 
changing to brown. 
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Milk: Slightly acid. No coagulation. 
Peptonization. 

Nitrites not produced from nitrates. 
Acid but not gas from lactose. 

Starch hydrolyzed. 

Optimum temperature 29® to 30°C. 
Maximum 39®C. Minimum 2.5®C. 
Aerobic. 

Source: Isolated from leaf-spot of 
castor-bean. 

Habitat: Pathogenic on Ricinus com¬ 
munis. 

23a. Xanthomonas translucens f. sp. 
hordei Ilagborg. (Canadian Jour, of 
Res., 20, 1942, 317.) From L. (rans- 
Incens, shining through, translucent, 
referring to the character of the lesion 
produced by this pathogen. Form name 
from Hordeum, a generic name. 

Synonyms: Bacterium translucens 

Jones, Johnson and Reddy, Jour. Agr. 
Res., 11, 1917, 637; Pseudomonas trans¬ 
lucens, ibid.', Phytomonas translucens 
Bergey et al, Manual, 3rd ed., 1930, 252; 
Xanthojnonas translucens Dowson, Cent, 
f. Bakt., II Abt., 100, 1939, 190. 

Rods: 0.5 to 0.8 by 1 to 2.5 microns. 
Motile with a single polar flagellum. 
Gram-negative. 

Gelatin: Liquefaction. 

Beef-peptone agar colonies: Round, 
smooth, shining, amorphous except for 
inconspicuous somewhat irregular con¬ 
centric striations within, wax-yellow 
tinged with old gold; margin entire. 

Broth: Turbidity becomes rather 
strong. Pellicle. 

Milk: Soft coagulum and digestion. 
Milk clears. Tyrosine crystals produced. 
Nitrites not produced from nitrates. 
Indole: Slight formation. 

Hydrogen sulflde produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., S2, 1942. 600). 

Ammonia from peptone. 

Acid but not gas from glucose, d- 
fructose, d-mannose, d-galactose, sucrose, 
lactose, and sometimes salicin. No uti¬ 
lization of l-rhamnose, inositol, maltose, 


raffmose, inulin, d-mannitol, and dul- 
citol. 

Starch hydrolyzed. 

Optimum temperature 26®C. Maxi¬ 
mum 36®C. Minimum 6®C. 

Aerobic. 

Distinctive characters: All forms of 
Xanthomonas translucens have the same 
cultural characters. They differ mainly 
in pathogenicity. This form is patho¬ 
genic on barley, Hordeum spp .; but not 
on oats, Avena spp., rye, Secale cereale 
nor on wheat, Triticum spp. 

Source: Isolated from leaves and seed 
of barley, Hordeum vulgare. 

Habitat: Occurs naturally on barley. 

23b. Xanthomonas translucens f. sp. 
undulosa (Smith, Jones and Reddy) Hag- 
borg. {Bacterium translucens var. undu- 
losum Smith, Jones and Reddy, Science, 
60, 1919, 48; Pseudomonas translucens 
var. undulosa Stapp, in Sorauer, Handb. 
d. Pflanzenk., 5, 5 Auf., 1928, 17; Phyto¬ 
monas translucens var. undulosa Hagborg, 
Canadian Jour. Res., H, 1936, 347; Hag¬ 
borg, Canadian Jour. Res., 20, 1942, 317.) 
From L. undo; M.L. undulosus, undulate, 
referring to the undulation of the colony. 

Distinctive characters: Cultural char¬ 
acters Siime as all forms of Xanthomonas 
translucens. Pathogenic on wheat, Tri- 
iicium spp., barley, Hordeum spp. and 
rye, Secale cereale but not on oats, 
Avena spp. 

Source: Isolated repeatedly from black 
chaff of wheat. 

Habitat: Usually found on wheat caus¬ 
ing the black chaff, and on rye. 

23c. Xanthomonas translucens f. sp- 
secalis (Reddy, Godkin and Johnson) 
Hagboi^. {Bacterium translucens var. 
secalis Reddy, Godkin and Johnson, 
Jour. Agr. Res., 28, 1924, 1039; Pseu- 
domona translucens var. secalis Stapp, 
in Sorauer, Handb. d. Pflanzenkr., 2, 5 
Aufl., 1928,24; Phytomonas translucens 
var. secalis Burkholder, in Manual, 6th 
ed., 1939, 160;Hagboig, Canadian Jour. 
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Res., £0, 1942, 317.) From M.L. 5cca/c, 
ageneric name. Distinctive clmracters: 
Cultural characters same as other forms 
of Xanlhomonas translucens. This form 
pathogenic on rye Secale ccreale, but 
not on Trilicxtm spp., Ilordeum spp. 
nor Avena spp. 

Source: Isolated from leaf spot on rye, 
Secale cereale. 

Habitat: Pathogenic on rye. 

23d. Xanthoxuonas translucens f. sp. 
hordei-avenae Hagborg. (Canadian Jour. 
Res.,£0,1942,317.) FromM.L. llordettm 
and Avena^ generic names. 

Distinctive characters: Cultural char¬ 
acters same as other forms of Xantho- 
monas translucens. Pathogenic on barley, 
Hordeum spp. and oats, Avena spp., but 
not on wheat, Trilicinm spp., nor rye, 
Secale cereale. 

Source: Isolated 6 times from barley 
at various places in Canada. 

Habitat: Occurs naturally on barley. 

23e. Xanlhomonas translucens f. sp. 
cerealis Hagborg. (Canadian Jour. Res., 
^0,1942,317.) From L., of cereal. 

Distinctive characters: Cultural char¬ 
acters same as other forms of Xantho- 
monas translucens. Pathogenic on wheat, 
Trilicum spp.; oats, Avena spp.; barley, 
ilordeum spp.; and rye, Secale cereale. 

Source: Isolated from wheat in Canada. 

Habitat: Occurs naturally on wheat. 

24. Xanthomonas vasculorum (Cobb) 
Dowson. (Bacillus vascularum (sic) 
Cobb, Agr. Gaz. of New South Wales, 4, 
1893,777; Abst. in Cent. f. Bakt., 11 Abt., 
/, 1895,41; Bacterium vascularum Migula, 
Syst. d. Bakt., 2, 1900, 512; Pseudomonas 
vascularum Erw. Smith, U. S. Dept. Agr., 
Div. Veg. Phys. and Path,, Bui. 28. 1901, 
163; Phytomonas vascidarum Bergey et 
al., Manual, let ed., 1923, 179; Dowson, 
Cent. f. Bakt., II Abt., 100, 1939, 190.) 
From L. vasculum, a small vessel; M. L. 
the vascular system. 

Note: Erw. Smith (Bact. in Rcl. to 


Plant Dis., 3, 3914, 88) states that prob¬ 
ably Spegazzini (K1 Polville dc la Cana 
do Azucar, June, 1895, La Plata, Supl. 
Rev. Azuc., Buenos Aires, No. 16, 1895) 
reported the disease caused by Xanlho- 
rnonas vasculorum but that Bacillus 
sacchari Spegazzini which he claimed 
to be the pathogen, was a saprophyte. 

Description from Smith (loc. cit., 54). 

Rods; 0.4 by 1.0microns. Motile with 
a polar flagellum. Gram-variable. 

Gelatin: Liquefaction feeble. Lique¬ 
faction good (Burkholder). 

Beef-e.\tract agar colonies : Pale yellow, 
smooth, glistening, not noticeably viscid. 

Broth: Good growth. 

Milk: Alkaline. 

Nitrites not produced from nitrates. 

Lipolytic (Starr and Burkljoldcr, Phy¬ 
topath., 52, 1942, GOO). 

Acid but not gas from glucose, fruc¬ 
tose and glycerol. 

Starch hydrolyzed (Burkholder). 

Optimum temperature 30®C. Maxi¬ 
mum 35® to 37.5®C (Elliott, loc. cit.). 

Habitat: Pathogenic on sugar cane, 
Saccharum ojficinarum, causing a bac¬ 
terial gummosis. 

25. Xanthomonas vesicatoria (Doidge) 
Dowson. (Bacterium vesicaiorium 
Doidge, Jour. Dept. Agr , S. Africa, 1, 
1920, 718; also Ann. Appl. Biol., 7, 1921, 
428; Pseudomonas vesicatoria Stapp, in 
Sorauer, Handb. d. Pflanzenkrank., 2, 

5 Aufl., 1928, 259; Phytomonas vcsica- 
ioria Bergey et al.. Manual, 3rd cd., 1930, 
253; Dowson, Cent. f. Bakt., II Abt., 
100, 1939,190.) From L. ycsfca.a blister; 
M. L. vesicatorius, causing blisters. 

Synonyms: Gardner and Kendrick 
(Phytopath., 13, 1923, 307) list Pseudo¬ 
monas exitiosa Gardner and Kendrick 
(Phytopath., 11, 1921, 55; Bacterium 
exitiosum Gardner and Kendrick, Jour. 
Agr. Res., 21, 1921, 141; Phytomonas 
exitiosa Bergey et al.. Manual, Ist ed., 
1923, 183) and an unnamed species, 
Higgins (Phytopath, 12, 1922, 513). 

Rods: 0.6 to 0.7 by 1.0 to 1.5 microns 
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Motile with a polar flagellum. Capsules. 
Gram-positive. Gram-negative (Gard¬ 
ner and Kendrick; and Higgins). 

Gelatin: Liquefaction. 

Nutrient agar colonies: Good growth. 
Circular, wet-shining, Naples yellow, 
edges entire. 

Milk: Casein precipitated and slowly 
digested. Tyrosine crystals. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced (Burk- 
b /Ider). 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., 55, 1942, 600). 

Acid but not gas from glucose, fruc¬ 
tose, sucrose, lactose, galactose, glycerol 
and dextrin. 

Certain strains hydrolyze starch, others 
do not (Burkholder and Li, Phytopath., 
5i, 1941, 753). 

Optimum temperature 30®C. 

Source: Isolated from spotted tomato 
fruits in South Africa. 

Habitat: Pathogen on tomatoes, Lyco- 
persicon esculenium and peppers, Capsi¬ 
cum annuwm. 

25a. Xanlhomona$ vesicaioria var. 
raphani (White) Starr and Burkholder. 
{Baclerium vesicatoria var. raphani 
White, Phytopath., 20, 1930, 653; Phyto- 
monas vesicaloria var. raphani Burk¬ 
holder, in Manual, 5th ed., 1939, 154; 
Starr and Burkholder, Phytopath., 92, 
1942, 600.) From M. L. Raphanns, the 
radish, a generic name. 

Distinctive characters: Cultural char¬ 
acters similar to Xanthomonas vesica- 
torta, but differs in that it is able to attack 
radishes, turnips, and other crucifers. 
Differs from Xanthomonas campestris in 
that it docs not cause a vascular disease, 
and differs from Xanthomonas campestris 
var. armoraciae in that it is not patho¬ 
genic on horseradish. 

Source: Isolated from leaf spots of 
radish and turnips in Indiana. 

Habitat: Pathogenic on radish, turnips, 
and other crucifers; and on tomato and 
pepper. 


26. Xanthomonas nakatae (Okabe) 
Dowson. {Bacteriinn nakatae Type B, 
Okabe, Jour. Soc. Trop. Agr., Formosa, 
5, 1933, 161; Phytomonas nakatae Burk¬ 
holder, in Manual, 5th ed., 1939, 154; 
Dowson, Trans. Brit. Mycol. Soc., 26, 
1943, 12.) Named for Nakata, the Japa¬ 
nese plant pathologist. 

Rods: 0.3 to 0.4 by 1.1 to 2.5 microns. 
Capsules. Motile with a polar flagellum. 
Gram-negative. 

Gelatin: Liquefaction. Brown color. 

Beef-extract agar colonies: Amber yel¬ 
low, round, smooth, glistening, margins 
entire. Brown. 

Broth: Moderate turbidity with yellow 
ring. Medium turns brown. 

Milk: Casein is precipitated and di¬ 
gested. Tyrosine crystals. Brown color. 

Nitrites not produced from nitrates. 

Indole not formed. 

Slight amount IHS produced. 

Acid but not gas from glucose, sucrose, 
maltose and lactose. 

Starch: Strong diastatic action. 

Optimum temperature 30® to 32®C. 
Maximum 30®C. Minimum 10®C. 

No growth in beef extract broth plus 
2 per cent salt. 

Aerobic. 

Distinctive character: Differs from 
Type A in that it produces a brown pig¬ 
ment in culture. (Description of Type A 
not seen.) 

Source: Isolated from water-soaked to 
brown leaf spots on jute. 

Habitat: Pathogenic on jute, Corchorus 
capsttlaris. 

27. Xanthomonas papavericola (Bryan 
and McWhorter) Dowson. (Bacterium 
papavericola Bryan and McIVTiorter, 
Jour. Agr. Res., 40, 1930, 9; Phytomonas 
papavericola Bergey et al., Manual, 4th 
ed., 1934 , 266; Dowson, Cent. f. Bakt., 
II Abt., too, 1939,190.) From L. papaver, 
poppy; -cola, dweller; M. L. Papaver, a 
generic name. 

Rods: 0.6 to 0.7 by 1 to 1.7 microns. 
Chains. Capsules. Motile with a single 
polar flagellum. Gram-negative. 
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Gelatin: Liquefaction. 

Beef agar colonies: Mustard yellow to 
primuline yellow, circular, margins 
entire. 

Broth: Turbidity prompt with a yellow 
ring and an incomplete pellicle. 

Milk: Soft coagulation, peptonization 
and production of tyrosine crystals. 

Nitrates: A weak reaction for nitrites 
after 10 days. 

Indole not formed. 

Hydrogen sulfide is produced. 

Lipolytic (Starr and Burkholder, Phy¬ 
topath., SB, 1942, 600). 

Acid but not gas from glucose, galac¬ 
tose, fructose, sucrose, lactose, maltose, 
glycerol and mannitol. 

Starch is hydrolyzed. 

Optimum temperature 25° to 30°C. 
Maximum 35°C. 

No growth in broth plus 5 per cent salt. 

Aerobic. 

Source: Isolated from black spots on 
leaves, buds and pods of poppy. 

Habitat: Pathogenic on poppy, Papaver 
rhoeaa. 

28. Xanthomonas alfalfae (Riker 
et al.) Dowson. {Bacterium alfalfae 
Riker, Jones and Davis, Jour. Agr. Res., 
Si, 1935, 177; Phytomonas alfalfae Riker 
et al., ibid.) Paeudomonaa alfalfae Riker 
et al., ibid.) Dowson, Trans. Brit. Mycol. 
Soc., B6, 1943, 11.) From Spanish, of 
alfalfa. 

Rods: 0.46 by 2.4 microns. Motile 
with a polar flagellum. Gram-negative. 

Gelatin: Liquefied. 

Nutrient agar stroke: Growth abun¬ 
dant, filiform, smooth, glistening, butyr- 
ous, pale yellow. 

Broth: Turbid in 24 hours. Light 
sediment. 

Milk: Casein is precipitated and di¬ 
gested. 

Ammonia formed slowly in a nitrate 
medium. 

Carbohydrates : No acid in yeast broth 
plus sugars. 

Starch is hydrolyzed. 

Aerobic. 


Optimum temperature 24° to 32°C. 
Maximum below 36°C. Minimum below 
4°C. 

Source: Six single cell cultures isolated 
from diseased alfalfa. 

Habitat: Pathogenic on the leaves of 
alfalfa, Medicago saliva. 

29. Xanthomonas acernea (Ogawa) 
comb. nov. {Pseudomonas acernca Ogawa, 
Ann. Phyt. Soc. Japan, 7, 1937, 123; 
Phytomonas acernca Ark, Phytopath., 
29, 1939, 968.) From L. acerneus, of 
the maple. 

Rods: 0.2 to 0.6 by 0.5 to 1.2 microns. 
Motile with one polar flagellum. Gram¬ 
negative. 

Gelatin: Liquifled. 

Agar colonies: Round, smooth, convex, 
white to citron yellow, glistening, trans¬ 
lucent with amorphous structure. 

Broth: Turbid. 

Milk: Slowly cleared, slightly acid. 
No coagulation. 

Nitrites produced from nitrates. 

Hydrogen sulfide produced. 

No gas produced in peptone water plus 
sugars. 

Starch not hydrolyzed. 

Optimum temperature about 32*C. 
Thermal death point 59°C. 

Aerobic. 

Source: From diseased leaves of Acer 
trifidum in Japan. 

Habitat: Causes a disease in Acer spp. 
and in Aeacidua turbinata and Koelren^ 
teria paniculata. 

30. Xanthomonas carotae (Kendrick) 
Dowson. {Phytomonas carotae Ken¬ 
drick, Jour. Agr. Res., 4^, 1934, 504; 
Paeudomonaa carotae Kendrick, ibid.) 
Dowson, Cent. f. Bakt., II Abt., 100, 
1939, 190.) From L. carota, the carrot. 

Rods: 0.42 to 0.85 by 1.38 to 2.75 
microns. Motile with 1 or 2 polar flagella. 
Gram-negative. 

Gelatin: Liquefied. 

Potato glucose agar: Colonies round, 
smooth, glistening, margins entire, straw 
yellow in color. 
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Milk: Casein precipitated and milk 
cleared; alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Acid, no gas, from glucose, d-galac- 
tose, xylose, d-inannose, /-arabinose, 
sucrose, lactose, raffinose, trehalose, 
d-mannitol and glycerol. No acid from 
maltose and rharanose. 

Starch not hydrolyzed. 

Optimum temperature 25® to 30®C. 

Tolerates 4 per cent salt at pll 7. 

Aerobic. 

Source: Two original isolations from 
diseased carrots and a reisolution from 
inoculated carrots were used for the 
description. 

Habitat: Pathogenic on leaves of 
Dauevs carota var. saliva. 


31. Xanthomonas hederae (Arnaud) 
Dowson. {Bacterium hederae Arnaud, 
Compt. rend. Acad. Sci., Paris, J7I, 
1920, 121; Phytomonas hederae Burk¬ 
holder and Guterman, Phytopath., 22, 
1932, 783; Dowson, Cent. f. Bakt., U 
Abt., too, 1939, 190.) From E. hedera, 
ivy; M. L. //edera, a generic name. 

Description taken from Burkholder 
and Guterman {loc. cit.). 

Rods: 0.6 by 2.13 microns. Motile 
with a single polar flagellum. Gram¬ 
negative. 

Gelatin: Liquefied. 

Beef-extract-agar slants: Growth good, 
filiform, amber yellow, butyrous. 

Broth: Turbid. 


Milk: Casein is precipitated and di¬ 
gested. Milk becomes alkaline. 

Nitrites not produced from nitrates. 

Hydrogen sulfide is formed. 

Indole not formed. 

Not lipolytic (Starr and Burkholder, 
Phytopath., S2, 1942, 600); 

Acid from glucose, fructose, galactose 
xylose, sucrose, lactose and glycerol 
Alkali from salts of acetic, citric, lactic 
malic and succinic acids. The following 
are not utilized: arabinose, rhamnose 
maltose, salicin, starch, cellulose anc 
formic acid. 


Aerobic, facultative. 

Source: Isolated from diseased ivy 
leaves. 

Habitat: Pathogenic on ivy, Hedera 
helix. 

32. Xanthomonas phormicola (Taki- 
inoto) Dowson. {Bacterium 'phormicola 
Takimoto, Jour. Plant Protect., 20, 1933, 
777; Phytomonas phormicola Burkholder, 
in Manual, 5tli ed., 1939, 159; Dowson, 
Trans. Brit. Mycol. Soc., 26, 1943, 12.) 
From M. L. Phormium, a generic name. 

Description translated by Dr. K, 
Togashi. 

Rods: 0.5 to 0.6 by 1 to 2 microns. 
Motile, with a single flagellum. Gram- 
negative. 

Gelatin: Liquefied. 

Agar colonies: Light yellow, then waxy 
yellow; butyrous, then viscid. 

Broth: Turbid, pellicle formed. 

Milk: Casein coagulated slowly and 
precipitated, then digested. Alkaline. 

Nitrites not produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

No gas from sucrose, glucose, lactose 
and glycerol. 

No acid from various sugars in broth. 

Optimum temperature about 29®C. 
Maximum 39®C. Alinimum about 0®C. 

Aerobic. 

Source: Species isolated from New 
Zealand flax, Phormium tenax. 

Habitat: Causes a leaf stripe of Phor¬ 
mium tenax. 

33. Xanthomonas geranii (Burkholder) 
Dowson. {Phytomonas geranii Burk¬ 
holder, Phytopath., 27, 1937, 560; Dow¬ 
son, Cent. f. Bakt., II Abt., 100, 1939, 
190.) From Greek, geranos, crane; M. 
L. Geranium, a generic name. 

Rods: 0.75 to 2.0 microns. Motile 
with a single polar flagellum. Gram- 
negative. 

Gelatin: Liquefied. 

Beef-extract agar slants; Moderate to 
good filiform growth, glistening, primu- 
Hne yellow. Develops in 24 hours. 
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Broth; Turbid in 24 hours. No pellide 
but a moderate sediment. 

Milk: Becomes clear with a heavy 
casein precipitate. Peptonization with 
crystal formation. 

Nitrates reduced to ammonia. 

Indole not formed. 

Hydrogen sulfide formed. 

Lipolytic (Starr and Burkliolder, Phy¬ 
topath., 1942, 600), 

Acid from glucose, galactose, fructose, 
xylose, rhamnose, lactose, sucrose, raf- 
finose and glycerol. Alkaline reaction 
from salts of citric, malic, malonic and 
succinic acid. No growth in arabinose 
or formic, hippuric, maleic or tartaric 
acid. 

Starch not hydrolyzed. 

Aerobe. 

Distinctive characters: Pathogenic on 
Geranhim spp.^ not on the house gera¬ 
nium, Pelargonium hortonun. In culture 
similar to Xanthomonas pelargonii. 

Source: Three cultures isolated from 
Geranium sanguineum. 

Habitat: Pathogenic on Geranium san- 
guineum, G. maculatum, G. pratensc and 
G. exjlvaticum. 

34. Xanthomonas antirrhini (Taki- 
moto) Dowson. {Pseudomonas anti- 
rrhini Takimoto, Bot. Mag. Tokyo, 54, 
1920, 257; Bacterium antirrhini Elliott, 
Man. Bact. Plant Path., 1930, 93; Phyto- 
monas antirrhini Magrou, in Hauduroy 
et al., Diet. d. bact. path., Paris, 1937, 
331; Dowson, Trans. Brit. Mycol. Soc., 
^5, 1943, 11.) From Gr. antirrhinum^ 
snapdragon; M. L. Antirrhinum^ a 
generic name. 

Description from Elliott {loc.cit.)' 

Bods; 0.3 to 0.4 by 0.8 to 1.2 microns. 
Motile with polar flagella. Capsules. 
Gram-negative. 

Gelatin: Liquefied. 

Agar colonies: Round, glistening, 
white, later yellow. 

Milk: Coagulated and casein digested. 

Nitrites are produced from nitrates. 

No gas produced. 

Aerobic. 


Optimum temperature 26° to 27®C. 
Maxiimim 34“C. 

Habitat: Causes a leaf spot of Anti¬ 
rrhinum majus. 

35. Xanthomonas heterocea (VzorofT) 

comb. nov. (Phytomonas heterocea 

VzoroiT, Bull. Nortli Caucasian Plant 
Prot. Sta. BoztofT-on-Don, 6~7, 1930, 
263; Bacterium hctcroceum Burgwitz, 
Phytopathogonic bacteria, Leningrad, 
1935, 135.) I rom Gr. heterus, another, 
dilTcrcnt. 

Description taken from Rev. App 
Myc., 10, 1931, 628. 

Rods: 0.4 to 0.6 by 1.0 to 2.0 microns. 
Motile. Gram-negative. 

Gelatin: Slow liquefaction. 

Agar colonics: Round, convex, smooth, 
semi-transparent, glistening, yellow to 
amber, 2 mm. in diameter. Pitted sur¬ 
face. 

Milk: No coagulation. At first acid, 
later alkaline. 

Nitrites produced from nitrates. 

Indole not formed. 

Hydrogen sulfide produced. 

Acid from glucose, galactose, arabi- 
nosc, xylose, sucrose, maltose, Sfdicin, 
glycerol and mannitol. Docs not ferment 
lactose, inuHn, ethyl alcohol, esculin, 
adonitol or dulcitol. 

Optimum temperature 25° to 30°C. 

Source: Isolated from diseased tobacco 
in tlie North Caucasus. 

Habitat: Pathogenic on Nicotiana 
tabacum. 

36. Xanthomonas gummisudans (Mc¬ 
Culloch) Starr and Burkholder. {Bac¬ 
terium gummisudans McCulloch, Phyto¬ 
path., 14, 192-1, 63; also Jour. Agr. Res., 
57, 1924, 229; Pseudomonas gummisudans 
Stapp, in Sorauer, Handb. d. Pflanzen- 
krank., 2, 5 Aufl., 1928, 54; Phytomonas 
gummisudans Bcrgcy et al.. Manual, 2nd 
ed., 1925, 201; Starr and Burkholder, 
Phytopath., 55, 1942, 600.) From L. 
gummi, gam; sudans, sweating, dripping. 

Rods: 0.6 to 0.8 by 1 to 2.8 microns. 
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Capsules. Motile with a polar flagellum. 
Gram-negative. 

Gelatin: Liquefied. 

Beef-peptone agar colonies: Amber 
yellow, circular, transparent, smooth, 
with definite margins. 

Broth: Moderately turbid with a yel¬ 
low ring. 

Milk: Soft curd which is digested with 
formation of tyrosine crystals. 

Nitrites not produced from nitrates. 
Indole not produced. 

Hydrogen sulfide produced. 

Lipolytic (Starr and Burkholder, loc. 
cit.). 

Acid from glucose and sucrose. 
Optimum temperature 30®C. Maxi¬ 
mum 36®C. Minimum 2°C. 

Aerobic. 

Source: From gummy lesions on gladio¬ 
lus leaves. 

Habitat: Pathogenic on leaves of glad¬ 
ioli. 

37. Xanthomonas lactucae (Yama¬ 
moto) Dow'son. {Baclerium lactucae 
Yamamoto, JoUr. Plant Protect., 21, 
1934, 532; Phylomonas lactucae Bergey 
et al.. Manual, 5th ed., 1939, 163; Dow- 
SOQ, Trans. Brit. Mycol. Soc., 26, 1943, 
12.) From L. lactuca, lettuce; M. L. 
Lactuca, a generic name. 

Description translated by Dr. K. 
Togaahi. 

Kods: 0.6 to 0.8 by 1.75 to 2.8 microns. 
Motile with a polar flagellum. Gram¬ 
negative. 

Gelatin: Liquefaction slow. 

Agar colonies: Circular, convex, mar¬ 
gin entire, surface smooth, wet-shining, 
yellow. 

Broth: Turbid. Ring and pellicle. 
Milk: Slow peptonization. 

Nitrites not produced from nitrates. 
Indole not produced. 

Hydrogen sulfide produced. 

Acid, no gas, from glucose, sucrose, 
and lactose in bouillon; no acid from 
glycerol in bouillon. 

Optimum temperature 28”C. Maxi¬ 
mum 35^C. Mi nim um below 2”C. 


Aerobic. 

Source: Isolated from leaf spot of 
lettuce. 

Habitat: Pathogenic on leaves of as¬ 
paragus lettuce, Lactuca saliva var. an- 
guslaia. 

38. Xanthomonas nlgromaculans 
(Takimoto) Dowson. {Bacteriumnigro- 
maculans Takimoto, Jour. Plant Protect., 
Tokyo, 14, 1927, 522; Phytomonas nigro- 
maculans Magrou, in Hauduroy et al., 
Diet. d. Bact. Path., Paris, 1937, 387; 
Dowson, Trans. Brit. Mycol. Soc., 26, 
1943, 12.) From L. niger, black; moew- 
lans, spotting. 

Description translated by Dr. K. 
Togashi. 

Rods: 0.6 to 0.9 by 1.5 to 2.8 microns. 
Motile with 1 or 2 polar flagella. Gram¬ 
negative. 

Gelatin: Liquefaction. 

Agar colonies: Yellow, circular, margins 
entire, smooth, glistening. 

Broth: Growth moderate with yellow 
pellicle. 

Milk: Coagulation and digestion of the 
casein. 

Nitrites not produced from nitrates. 

Indole not produced. 

No acid or gas from glucose, sucrose, 
lactose, mannitol and glycerol in peptone 
water. 

Optimum temperature 27® to 28®C. 
Maximum 33®C. Minimum 0®C. 

Aerobic. 

Source: Isolated from lesions on leaf 
and petioles of burdock. 

Habitat: Pathogenic on leaves and 
petioles of Arctium lappa, the burdock. 

39. Xanthomonas oryzae (Uyeda and 
Ishiyama) Dowson. {Pseudomonas 
oryzae Uyeda and Ishiyama, Proc. Third 
Pan-Pacific Sci. Congr., Tokyo, 2, 1926, 
2112; Bocfcrium oryzae Nakata, see 
Elliott, Man. Bact. Plant Path., 1930, 
172; Phytomonas oryzae Magrou, 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 388; Dowson, Trans. Brit. 
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Mycol. Soc., £6, 1943, 12.) From Gr. 
oryza, rice; M. L. Oryza, a generic name. 

Probable synonym: Pseudomonas ilo- 
ana Tochinai, Ann. Phytopath. Soc. 
Japan, £, 1932, 456; Bacteriitm iioanum 
Buigwitz, Phytopathogenic Bacteria, 
Leningrad, 1935, 74; Phylomonas itoana 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., Paris, 1937, 370. 

Rods: 0.5 to 0.8 by 1.0 to 2.0 microns. 
Motile with a polar flagellum. Gram- 
negative. 

Gelatin: No liquefaction. 

Nutrient agar colonies: Round, smooth, 
glistening, wax yellow. 

Milk: Slightly acid. 

Nitrites are not produced from nitrates. 

Hydrogen sulfide produced. 

Acid but no gas from glucose, lactose 
and sucrose. 

Optimum temperature 26® to 30®C. 

Strict aerobe. 

Source: Isolated from a leaf blight of 
rice. 

Habitat: Pathogenic on rice, Oryza 
saliva. 

40. Xanthomonas celebensls (Gau- 
noann) Dowson. {Pseudomonas celeben- 
sis G&umann, Ztschr. f. Pflanzenkrank., 
W, 1923, 11; Meded. Inst, voor Planten- 
ziek., Buitenzorg, 59,1923,17; Bacterium 
celebense Elliott, Man. Bact. Plant Path., 
1930, 108; Phylomonas celebensis Magrou, 
in Hauduroy et al.. Diet. d. Bact. Path., 
Paris, 1937, 343; Dowson, Trans, Brit. 
Mycol. Soc., 1943, 11.) From M. L. 
of the island Celebes. 

Rods: 0.9 by 1.5 microns. Motile by a 
polar flagellum. Gram-negative. 

Agar colonies: Grayish yellow. 

Broth: Thin pellicle. 

Milk: Coagulated and cleared. 

Nitrites not produced from nitrates. 

Sodium selenite: Brick red. 

Starch is hydrolyzed. 

Source: From vascular bundles of 
diseased bananas in Celebes. 

Habitat: Causes the blood disease of 
banana. 


41. Xanthomonas panic! (Elliott) 
comb. nov. {Bacterium 'panici Elliott, 
Jour. Agr. Res., 26, 1923, 157; Pseudo¬ 
monas panici Stapp, in Sorauer, Handb. 
d. Pflanzenkrank., 2, 5 Aufl., 1928, 27; 
Phylomonas panici Bcrgey et al., Man¬ 
ual, 3rd ed., 1930, 269.) From M. L. 
Panicum, a generic name. 

Rods: 0.69 by 1.66 microns. Capsules. 
Motile by 1 or rarely 2 polar flagella. 
Gram-negative. 

Gelatin: Liquefaction slow. 

Beef agar colonies: Round, white, 
smooth, glistening, margins at first entire, 
later undulate. 

Broth: Moderate turbidity in 24 hours. 
Thin pellicle. Medium brownish. 

Milk: Alkaline and clears. 

Nitrites are produced from nitrates. 

Indole not produced. 

Hydrogen sulfide produced. 

No gas from carbohydrates. 

Starch: Hydrolysis moderate. 

Optimum temperature 33®C. Maxi¬ 
mum 45®C. Minimum 5®C. 

Optimum pH 6.15 to 6.3. pH range 
5.4 to 10.0. 

Aerobic. 

Distinctive characters: Differs from 
Pseudomonas andropogoni in that it 
liquefies gelatin, produces nitrites from 
nitrates, and does not infect sorghum and 
broom corn. 

Source: Isolation from water soaked 
lesions on leaves, sheaths and culms of 
millet collected in Wisconsin and in S. 
Dakota. 

Habitat: Pathogenic on proso millet, 
Panicum miliaceum, 

42. Xanthomonas proteamaculans 
(Paine and Stansfield) comb. nov. {Pseu¬ 
domonas proleamaculans Paine and Stans¬ 
field, Ann. Appl. Biol., 6, 1919, 38; 
Phylomonas proteamaculans Bergey et 
al., Manual, 3rd ed., 1930, 247; Bacterium 
proteamaculans Elliott, Man. Bact. Plant 
Path., 1930, 186.) From M. L. Protea, 
a generic name; maculans, spotting. 

Rods: 0.6 to 0.8 by 0.8 to 1.6 microns. 
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Motile with 1 to 3 polar flagella. Gram- 
positive. 

Gelatin: Liquefaction. 

Agar slant: Growth wet-shining, dirty 
white with a faint yellow tinge. 

Broth: Turbid in 24 hours. Slight 
ring. 

Milk; Acid with soft curd after 2 days. 
Later a separation of whey. 

Nitrites are produced from nitrates. 
Acid and gas from glucose, sucrose and 
•mannitol. No acid or gas from lactose. 
Starch: Slight hydrolysis. 

Source: Repeated isolation from a leaf- 
spot of Proiea in England. 

Habitat: Pathogenic on Protea cy- 
naroides. 

43. Xanthomonas manihotis (Arthaud- 
Berthet) comb. nov. {Bacillus manihotus 
Arthaud-Berthet by Bondar, Cliacaras 
and Quintaes 5(4), 1912, 15; Bacillus 
manihol Bondar (and Arthaud-Berthet), 
Bol. Agric., Sao Paulo, 16, 1915, 513; 
Bacterium manihotus Drummond and 
Hipolito, Ceres, 2, 1941, 298; Phytomonas 
manihotis Viegas, Rev. d. Agr., Pieraci- 
caba, 15, 1940, 475.) From M. L. Mani- 
hoius, a generic name. 

Description from Burkholder, Phyto¬ 
path., S2, 1942, 147. 

Rods: 0.35 to 0.93 by 1.4 to 2.8 microns. 
Gram-negative and mostly non-motile. 
One isolate showed a few cells with 1 
polar flagellum. Amaral (Instit. Biol., 
Sao Paulo, Arq., 13, 1942,120) states that 
the species is motile with one polar fla¬ 
gellum. 

Gelatin: Liquefaction. 
Beef-extract-peptone agar: Streaks 
raised, ivory-color, smooth, shiny, with 
edges entire. 

Potato-glucose agar: Growth abun¬ 
dant, white to hyaline, very mucoid. 

Broth: Turbid with a whitish granular 
ring. 

Litmus milk: Litmus reduced and 
milk clears. With return of color, litmus 
is purple. 

Indole not formed. 

Hydrogen sulfide is formed. 


Nitrites produced from nitrates 
(Drummond and Hipolito, loc. cit.). 

Asparagine not used as a nitrogen and 
carbon source. No growth in nitrate 
synthetic broth. 

Weak growth but slight acid production 
in synthetic medium plus glucose, 
d-galactosc, d-fructose, d-xylose, maltose 
and sucrose. No growth in rhamnose, 
l-arabinosc, d-lactose, glycerol, mannitol 
and salicin. Good growth with alkaline 
reaction in same medium plus salts of the 
following acids: acetic, citric, malic, 
maleic and succinic. The salts of formic, 
hippuric, lactic and tartaric acids were 
not utilized. 

Starch not hydrolyzed. Amaral {loc. 
cit.) finds hydrolysis. 

Lipolytic action slight. 

Aerobic. 

Optimum temperature 30°C. Maxi¬ 
mum 38®C. Minimum 5“C. 

Source: First isolated from the cassava, 
Manihotus utilissima in Brazil. 

Habitat: Produces a wilt disease on 
various species of Manihotus. 

44. Xanthomonas rubrisubalblcans 
(Christopher and Edgerton) comb. nov. 
{Phytomonas rubrisubalbicans Christo¬ 
pher and Edgerton, Jour. Agr. Res., 4L 
1930, 266; Bacterium rubrisubalbicans 
Burgwitz, Phytopathogenic Bacteria, 
Leningrad, 1935, 105.) From L. ruber, 
red; subalbicarts, nearly white. 

Rods: Short with polar flagella. Cap¬ 
sules. Gram-negative. 

Gelatin: No liquefaction. 

Bacto-glucose agar colonies: Circular, 
glistening, viscid, milky gray to buff. 
Margins translucent, entire. 

Broth: Turbid after 24 hours. Pellicle 
and a ropy sediment. 

Indole produced. 

Hydrogen sulfide produced. 

No gas from carbohydrates. 

Starch hydrolyzed. 

Optimum temperature 30®C. 

Optimum pH 6.8 to 8.0. 

Source: Isolated many times from mot¬ 
tled stripe of sugar cane in Louisiana. 
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Habitat: Pathogenic on sugar cane, 
Johnson’s grass and sorglmm. 

45. Xanthomonas cannae (Bryan) 
comb. nov. {Bacterium cannac Bryan, 
Jour. Agr. Res.,^i, 1921, \52\ Phytomorias 
cannae Bcrgcy et al., Manual, 1st ed., 
1923, 188; Pseudomonas cannae Stapp, in 
Sorauer, Handb. d. Pflanzenkrank., 2, 
5 Aufl., 192S, 65.) From Gr. canno, a 
reed; M. L. Canna, a generic name. 

Rods: 0.5 to 0.7 by 1.0 to 2.0 microns. 
Motile with 1 to 3 polar flagella. Cap¬ 
sules. Gram-negative. 

Gelatin: Slow liquefaction. 

Agar streaks: Filiform, white, moist, 
with thin margins and granular centers. 

Broth: Turbid, heavy sediment. 

Milk: Alkaline and clears. 

Nitrites are produced from nitrates. 

Indole not produced. 

Hydrogen sulfide produced. 

Optimum temperature 35®C. Maxi¬ 
mum 40'’C. Minimum 5®C. 

Aerobic. 

Source: Isolated from diseased canna 
leaves collected in Washington, D. C. 
and in Illinois. 

Habitat: Causes disease in Canna 
indica. 

46. Xanthomonas zingiber! (Uyeda) 
comb. nov. (Uyeda, Cent. f. Bakt., II 
Abt., 17, 1907, 383; Pseudomonas zingi- 
bcH Uyeda, Rept. Imp. Agr. Exp. Sta., 
Japan, No. 35, 1908, 114; Bacterium 
zingiberi Nakata, see Elliott, Man. Bact. 
Plant Path., 1930, 266; Phytomonas zingi¬ 
beri Magrou, in Hauduroy, et al., Diet. d. 
Bact. Path., Paris, 1937, 437.) From L. 
zingiberia, ginger; M. L. Zingiber, a 
generic name. 

Description from Stapp, in Sorauer, 


Handb. d. Pflanzenkrank., 2, 5 Aufl. 
1928, 65. 

Rods : 0.5 to 1.1 by 0.75 to 1.8 microns. 
Non-motile at first, later a polar flagel¬ 
lum. Gram-negative. 

Gelatin: Liquefaction. 

Agar colonies: White. 

Milk: Coagulation and peptonization of 
the casein. 

Nitrites are produced from nitrates. 

Indole not formed. 

Hydrogen sulfide is formed. 

No gas from glucose. 

Optimum temperature 28®C. Maxi¬ 
mum 40®C. Minimum 5°C. 

Source: Isolated from ginger plant 
showing a rot at the base of the sprouts. 

Habitat: Pathogenic on ginger, Zingi¬ 
ber officinale. 

47. Xanthomonas conjaci (Uyeda) 
comb. nov. (Pseudomonas conjac Uyeda, 
Bot. Mag. Tokyo, 24 , 1910, 182; Bac¬ 
terium conjac Elliott, Man. Bact. Plant 
Path., 1030, 121; Phytomonas conjac 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., Paris, 1937, 347.) From 
M. L. conjac, the specific name of the 
plant which this species attacks. 

Description from Elliott (loc.cit.). 

Rods: 0.75 to 1.0 by 1.5 microns. 
Motile with 1 to 4 polar flagella. Gram- 
positive. 

Gelatin colonies: Circular to irregular, 
light yellow. 

Broth: Pellicle formed. 

Milk: Coagulation. 

Conjac: Liquefied. 

Nitriles produced from nitrates. 

Indole produced. 

Hydrogen sulfide produced. 

Gas from glucose. 

Favorable temperature 24®C. 

Habitat: Pathogenic on Amorphophal- 
lus konjac. 


Appendix I:* The following organisms placed in the genus Pseudomonas apparently 
belong in Xanthomonas. Some may even be plant pathogens although they were 

• Prepared by Prof. Robert S. Breed, New York State Experiment Station, Geneva. 

New York, July, 1943 . 
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isolated from water, soil and similar sources. Pigment is usually yellow and is not 
water-soluble. 


Key to yellow and other chromogenic species in genus Pseudomonas. 

1. Colonies yellow', 

a. Gelatin )iquc6ed. 

b. Nitrites produced from nitrates. 

c. Acid and gas produced from glucose. 

1. Pseudomonas fermentans. 
cc. Acid but no gas from glucose. 

2. Pseudomonas irifolii. 

3. Pseudomonas xanihe. 
ccc. Action on glucose not recorded. 

4. Pseudomonas caudala. 
bb. Nitrites not produced from nitrates. 

c. Litmus milk acid or ferment lactose. 

5. Pseudomonas perlurida. 

6. Pseudomonas iridescens. 
cc. Litmus milk not coagulated. Yellow sediment. 

7. Pseudomonas turcosa. 
ccc. Litmus milk slimy, alkaline. 

8. Pseudomonas ochracea. 

aa. No liquefaction of gelatin. 

b. Nitrites produced from nitrates. 

c. Litmus milk, slow coagulation. 

9. Pseudomonas cerevisiae. 
cc. Litmus milk, acid but no digestion. 

10. Pseudomonas arguia. 
ccc. No growth in litmus milk. 

11. Pseudomonas subereta. 
cccc. Action on litmus milk, not recorded. 

12. Pseudomonas piciorum. 
bb. Nitrites not produced from nitrates. 

c. Butter colored pellicle on litmus milk. 

13. Pseudomonas {acunogenes. 

cc. No surface pellicle. 

14. Pseudomonas segnis. 

2. Colonies on gelatin blue center surrounded by yellow zone with peripheral 
green zone, 
a. Gelatin liquefied. 

b. Nitrites produced from nitrates. 

15. Pseudomonas lemonnieri. 


1. Pseudomonas fermentans von Wol- 
zogen Ktthr. (von Wolzogen KUhr, 
Cent. f. Bakt., II Abt., 85, 1932, 228; 
Flavobaclerium fermentans Bergey et al., 
Manual, 4th ed., 1934, 155.) From 
Latin, fermento, to ferment. 

Bnds: 0.4 to 0.6 by 1.7 to 3.4 microns, 


with rounded ends, occurring singly and 
in pairs. Motile, with a single or occa¬ 
sionally 2 or 3 polar flagella. Gram¬ 
negative. 

Gelatin colonies: Circular, grayish, 
writh rapid liquefaction. 

Gelatin stab: liquefaction crateriform. 
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Agar colonies: Circular, slightly con¬ 
vex, opaque, gray by reflected, and 
light-brown by transmitted light. 

Agar slant: Gray, becoming yellowish. 
Broth: Turbid with pellicle. 

Litmus milk: Acid. 

Potato: Gray to yellowish growth. 
Indole is formed. 

Nitrites produced from nitrates. 

Acid and visible gas from glucose, 
lactose and sucrose. 
Acetjdmethylcarbinol is formed. 
Ammonia is formed from peptone and 
asparagin. 

Hydrogen sulfide is formed. 

Starch is hydrolyzed. 

Lipase is formed. Catalase positive. 
Aerobic, facultative. 

Optimum temperature 37®C. 
Distinctive character: Produces gas in 
lactose fermentation tubes. 

Source: Ten cultures from the larvae 
of a midge {Chironomus plumosxis) and 
from filtered water. 

Habitat: Unknown. 

2. Pseudomonas trifolii Huss. (Huss, 
Cent. f. Bakt., II Abt., 19, 1907, 68; 
PldvobaclcTium Irijolii Bergey et al., 
Manual, 1st ed., 1923, 111.) From Latin, 
ires {iri-), three; folium, leaf; M. L. 
^Tifoliuxn, clover. 

Possible synonym: Bacillus annulalus 
Wright. (Wright, Memoirs Nat. Acad. 
Sci., 7, 1895, 443; Pseudomonas annulata 
Chester, Man. Determ. Bact., 1901, 315; 
Uelationship to Bacillus annvlatus Zim- 
mermann uncertain. Die Bakt. unserer 
Trink- und Nutzwasser, Chemnitz, II 
Heihe, 1890, 30; Flavobactcrium annula- 
tum Bergey et al., Manual, Ist cd., 1923, 
110 .) 

According to Mack (Cent. f. Bakt., II 
Abt., 1936,218) the following organism 
is to be regarded as identical with Pseudo- 
nxonas trifolii: Bacillus mcsentericus 
aureus Winkler (Cent. f. Bakt., II Abt., 
5, 1899, 577) regarded by Burri (Cent. f. 
Bakt., II Abt., tO, 1902,756) and DUggcli 
(Cent. f. Bakt., II Abt., 12, 1904, 602) 


as identical with the organism which 
Diiggeli {loc. cit.) names Bacterium 
herbicola atireum. The organism studied 
as Bacterium herbicola by Hiittig (Cent, 
f. Bakt., II Abt., 84, 1931, 231) is not 
regarded as identical with the Burri and 
Diiggeli organism by Mack. Bcijerinck 
(Cent. f. Bakt., II Abt., 15, 1905, 366) 
states that Bacillus herbicola of Burri 
and Diiggeli is identical with his Bacillus 
anglomerans (Botan. Ztg., 1SS8, 749). 
If so, this binomial has priority. 

Rods : 0.5 to 0.7 by 0.75 to 2.0 microns, 
occurring singly, in pairs and in chains. 
Motile, posscssinga single polar flagellum. 
Gram-negative. 

Gelatin colonics: C!k)nvex, smooth, 
moist, glistening, grayish-yellow'. 

Gelatin stab: Napiform liquefaction. 

Agar colonics: Small, circular, grayish, 
becoming brow'nish-yellow'. 

Agar slant: Yellowish, becoming brown¬ 
ish-yellow’ streak, lacerate margin. 

Broth: Turbid, with grayish-yellow 
pellicle and sediment. 

Litmus milk: Slowly coagulated; alka¬ 
line; w’ith yellow ring. 

Potato: Thick, yellowish, flat, smooth, 
glistening. 

Hydrogen sulfide produced. 

Indole is formed. 

Acid from glucose, sucrose, xylose, 
arabinosc, and mannitol. No acid from 
lactose. 

Nitrites produced from nitrates. 

Cultures have an agreeable odor. 

Volutin formed. 

Aerobic, facultative. 

Optimum temperature 33® to 35®C. 

Source: Isolated from clover hay. 

Habitat: Evidently a common organism 
on the leaves of plants. 

3. Pseudomonas zanthe Zettnow. 
(Zettnow, Cent. f. Bakt., I Abt., Orig., 
77, 1915, 220; Flavobacierutm zettnowii 
Bergey et al.. Manual, 1st ed., 1923, 
112; Flavobactcrium xanthium (sic) Ber¬ 
gey et al., Manual, 3rd ed., 1930, 146.) 
From Gr. xanthus, yellow. 
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Rods: 0.5 to 0.6 by 0.4 to 1.4 microns. 
Motile, possessing a single or occasionally 
two or more very long (20 microns) polar 
flagella. Gram-negative. 

Gelatin colonies: Circular, yellow, 
granular. 

Gelatin stab: Pale-yellow surface 
growth. Brownish yellow undersurface 
colonies. Saccate liquefaction. 

Agar slant: Dark yellow, glistening, 
with dark yellow sediment in water of 
condensation. Pigment not water-sol¬ 
uble. 

Broth; Turbid. 

Litmus milk: Slightly acid. Litmus 
reduced. 

Potato: Grayish yellow to brownish 
growth. 

Indole formed. 

Nitrites are produced from nitrates. 
Acid formed in glucose. 

Starch hydrolyzed. 

Blood serum not liquefied. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Air contamination. 

4. Pseudomonas caudata (Wright) 
Conn. {Bacillus caudatus Wright, 
Memoirs Nat. Acad. Sci., 7, 1895, 444; 
Baclerium caudatus Chester, Annual 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
107; Conn, Jour. Agr. Res., 16, 1919, 313; 
Flavobacteriurn caudaliun Bergey et al.. 
Manual, 1st cd., 1923, 109.) From 
Latin, cauda, tail. 

Rods: Long, granular,slender,occurring 
singly, in pairs and in chains. Appear 
like cocci in old cultures. Motile, pos¬ 
sessing a polar flagellum (Conn). Gram¬ 
negative. 

Gelatin colonies: Yellow, translucent, 
smooth, undulate. 

Gelatin stab: Villous growth in stab. 
Crateriform liquefaction. 

Agar slant: Yellow to orange,glisten¬ 
ing, translucent, slightly spreading. 
May lose power to form pigment. 
Broth: Turbid, with yellow sediment. 
Litmus milk: Unchanged. 

Potato: Dark yellow, raised, rough, 
spreading. 


Indole not formed. 

Nitrites and ammonia produced from 
nitrates. 

Ammonia produced from peptone. 

Starch is digested. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Water. 

5. Pseudomonas perlurida Kellerman 
et al. (Kellerman, McBeth, Scales and 
Smith, Cent. f. Bakt., II Abt., 39, 1913, 
516; also McBeth, Soil Sci., 1, 1916, 472; 
Ceilulomonas perlurida Bergey et al., 
Manual, 1st ed., 1923, 163.) 

Rods: 0.4 by 1.0 micron. Motile with 
one to three polar flagella. Gram- 
negative. 

Gelatin stab: Liquefaction. 

Agar slant: Moderate, flat, faint yellow 
growth. 

Broth: Turbid in 6 days. 

Litmus milk: Acid. Peptonization 
after 16 days. 

Potato: Scant yellow growth with 
bleaching along line of growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from Virginia, Louisiana 
and Missouri. 

Habitat: Soil. 

5a. Pseudomonas perlurida var. t»ir- 
giniana Kellerman et al. {loc. cil-)- 
Does not grow on potato and liquefies 
gelatin rapidly. 

Source: Soil from Viiginia. 

6. Pseudomonas Irldescens Stanier. 
(Jour. Bact.,45.1941,542.) From Latin, 
iridescent. 

Rods: 0.2 to 0.3 by 1.5 to 7.0 microns, 
average length 5.0 to 6.0 microns, occur 
ring sin g ly. Non-motile. Gram-nega 

tive. 
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Sea water gelatin stab: Filiform growth. 
Liquefaction by some strains. 

Sea water agar colonics: Concave, 2 to 
3 mm in diameter, smooth, glistening, 
translucent, pale yellow, edge irregular. 
After 2 to 3 days a marked iridescence. 
Later colonies rough, opaque, bright 
yellow, sunken central portion with trans¬ 
lucent periphery. 

Sea water agar slant: Growth spreading, 
smooth, glistening, translucent, pale 
yellow, iridescent, butyrous. 

Seawater broth: Turbid,light yellow, 
granular pellicle. 

Indole not formed. 

Nitrites not produced from nitrates. 

Hydrogen sulfide not produced. 

Catalase positive. 

Urease negative. 

Acid from xylose, glucose, galactose, 
/actose, maltose, sucrose and ccllobiose. 
No acid from arabinose. Starch and 
cellulose are attacked. 

Aerobic. 

Optimum temperature 23®C. Mini¬ 
mum S^C. Maximum SO^C. 

Salt range: 0.25 to 6.0 per cent. Opti¬ 
mum 1.0 to 4.0 per cent. 

Source: Sea water. 

Habitat: Common along the coast of 
the North Pacific. 

7. Pseudomonas turcosa (Zimmer- 
mann) Migula. {DacilUis turcosa Zim- 
mormann, Bakt. unserer Trink- und 
Nutzwiisser, Chemnitz, 2, 1894, 32; 
Migula, Syst. d. Bakt. 2, 1900, 937; Flavo- 
bacterium turcosum Borgoy et al.. Man¬ 
ual, let ed., 1923, 111.) From M. L. 
lurcoia, turquoise. 

Rods: 0.6 by 1.05 to 1.82 microns, oc¬ 
curring singly. A short polar flagellum 
(Migula). Gram-negative. 

Gelatin colonics: Small, translucent, 
yellow. 

Gelatin stab: Small, yellow, convex 
surface growth, with slight brownish 
tint. Liquefaction, with grayish to 
greenish color in liquefied portion. 

Agar slant: Abundant, glistening, 
greenish to sulfur yellow streak. 


Broth: Slightly turbid with yellow 
sediment. 

Litmus milk: No coagulation. Yellow 
sediment. 

Potato: Clear chromium yellow growth 
over entire surface. 

Indole is not formed. 

Nitrites not produced from nitrates. 

Acid from glucose. Slight action on 
sucrose. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Isolated by TatarofT from a 
well in Dorpat (Die Dorpaten Wasscr- 
baktericn, Inaug. Diss., 1891, 52, No. 24). 

Habitat: Water, sea water. 

8. Pseudomonas ochracea (Zimmer- 
mann) Chester. (Bacillus ochraceus 
Zimmerraann, Bakt. unserer Trink- und 
Nutzwiisser, Chemnitz, 1, 1890, CO; 
Chester, Determinative Bacteriology, 
1901,316; Flavohac ter turn ochraceum Ber- 
gey ct al., Manual, 1st cd., 1923, 110; 
Chromobacterium ochraceum Topicy and 
Wilson, Princ. Bact. and Immun., /, 
1931, 405.) From Greek, ochros, pale 
yellow. 

Rods: 0.7 to 0.8 by 1.2 to 4.5 microns, 
occurring in pairs and longer chains. 
Slow undulatory motion (Zimmermann). 
Polar flagella (Lehmann and Neumann, 
Bakt. Diag., 1 Aufl.,.?, 1896,255). Gram- 
negative. 

Gelatin colonies: Pale yellow to golden, 
ochre yellow, slightly raised, with slightly 
fringed margin, granular. 

Gelatin stab: Yellowish to yellow'-gray 
surface growth. Infundibuliform lique¬ 
faction. Pale yellow to ochre yellow 
sediment. 

Agar colonies: Thin, flat, yellowish, 
smooth. 

Agar slant: Thin, yellowish-gray to 
ochraccous growth. 

Broth: Slightly turbid, with pale yel¬ 
low sediment. 

Litmus milk: Medium becomes slimy; 
alkaline. 

Potato: Ochre-yellow streak. 

Indole is formed. 
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Nitrites not produced from nitrates. 
Hydrogen sulfide is formed. 

Aerobic, facultative. 

Optimum temperature 35®C. 

Source: Chemnitz tap water. 

Habitat; Water. 

9. Pseudomonas cerevlslae Fuhr- 
mann. (Fuhrmann, Cent. f. Bakt., 11 
Abt., 16, 1906, 309; Flavobacteriuvi 
cerevisiae Bergey et al., Manual, 1st ed., 
1923, 111.) From Latin, cerevisia, beer. 

Rods: Straight and slightly curved, 
0.6 by 1.6 to 2.0 microns, occurring singly 
and in chains. Motile, possessing tuft, 
four to six polar flagella. Gram-negative. 

Gelatin colonics; Circular, white, 
slightly contoured, becoming brownish- 
yellow. 

Gelatin stab: Slight yellowish growth 
in stab. No liquefaction. 

Agar colonies; Thin, spreading, con¬ 
toured. 

Agar slant: Moist, glistening, thin, pale 
yellow, spreading, contoured. 

Litmus milk; Slow coagulation. 

Potato; Yellowish-brown, spreading 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 

No gas from glucose. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source; Isolated from beer. 

Habitat; Unknown. 

10. Pseudomonas arguta McBeth. 
(McBeth, Soil Science, 1, 1916, 465; 
Cellulomonas arguata (sic) Bergey ct al., 
Manual, 1st ed., 1923,164.) From Latin, 
arguo, to show. 

Rods: 0.3 by 0.8 micron. Motile with 
one or two polar flagella. Gram-negative. 

Gelatin stab; Moderate, yellowish 
growth. No liquefaction in 30 days. 

Agar colonies: Circular, slightly con¬ 
vex, soft, grayish-w’hite, granular, entire. 

Agar slant: Scant, grayish-white 
growth. 

Potato agar slant: Moderate, yellow¬ 
ish, glistening. 


Broth; Turbid. 

Ammonia cellulose agar; Enzymatic 
zone 2 to 3 mm in 30 days. 

Filter paper broth: Paper is reduced 
to loose flocculent mass which disinte¬ 
grates very readily on slight agitation. 
More rapid decomposition when the 
broth contains ammonium sulfate, po¬ 
tassium nitrate, peptone or ca.sein as 
sources of nitrogen. 

Litmus milk: Acid, not digested. 

Potato; No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
starch. No acid from glycerol, manni¬ 
tol or sucrose. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source; Isolated twice from California 
soils. 

Habitat; Soil. 


11. Pseudomonas subereta McBeth 
and Scales. (McBeth and Scales, Bur. 
Plant Industry, U. S. Dept. Agr., Bui. 
266, 1913, 37; Cellulomonas subereta 
Bergey et al., Manual, 1st ed., 1923,164.) 
From Latin, su6, under, imperfect; crela 
chalk. 

Rods: 0.3 by 1.4 microns. Motile with 
one to five polar flagella. Gram-negative. 

Gelatin stab: Filiform growth, no lique¬ 
faction. 

Cellulose agar; No surface growth. 
Moderate, generally faint yellow growt 

in medium, area of growth sunken. 

Agar slant: Glistening, smooth, moist, 

vitreous to faint yellow. 

Starch agar: Enzymatic zone 2 to 4 mm. 

Broth; No grow’th. 

Litmus milk: No growth. 

Potato; Growth scanty, concave due to 
slight liquefaction, white to faint yellow. 
Bleached around growth. 

Indole not formed. 

Trace of nitrites produced from ni¬ 


trates. 

Ammonia not produced. 

Acid from glucose, lactose, maltose, 
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sucrose and starch. No acid from give- 
erol or mannitol. 

Aerobic, facultative. 

Optimum temperature 20‘’C. 

Habitat: Soil. 

12. Pseudomonas pictorum Gray 
and Thornton. (Gray and Thornton, 
Cent. f. Bakt., II Abt., 7S, 1928, 89; 
Achromobacter ■piclorum Bergey ct al., 
Manual, 3rd cd., 1930, 217.) From 
Batin, p/c//, the Piets of Eastern Scot¬ 
land. 

Rods: 0.5 to 0.8 by 1.5 to 5.0 microns. 
Motile usually with a single polar flagel¬ 
lum. Gram-negative. 

Gelatin colonies: Circular, greenish- 
yellow, convex, smooth, glistening, en¬ 
tire. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, yellow, convex, 
smooth, glistening, entire. 

Agar slant: Filiform, yellow, convex, 
smooth, glistening, entire. 

Broth: Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose and maltose. 
Attacks phenol. 

Aerobic, facultative. 

Optimum temperature 25'’C. 

Source: One culture from soil. 

Habitat: Soil. 

13. Pseudomonas lacunogenes Gor- 

esline. (Jour. Bact., 2ry, 1933, 447.) 
From T.^tin lacxino, dimple and genero, 
fo produce. 

Short rods: 0.2 to 0.3 by 1.0 to 1.2 
microns, with pointed ends, occurring 
singly or in pairs. Motile with a single 
polar flagellum from 2 to 15 microns in 

length. Gram-negative. 

Plain gelatin stab: No growth. 

Nutrient gelatin stab: tlrowth brown- 
•Bh-yellow, half-way down stab, heavier 
ftt surface. No liquefaction. 

Nutrient agar colonies; Small, yellow; 
surface of the agar pitted or dimpled. 
After 5 days colonies 6 to 7 mm in diam- 


etcr, orange-yellow, slightly raised, sur¬ 
rounded by a depression. 

Nutrient agar slant: Growth heavy, 
light orange-yellow; consistency of warm 
butter; edge entire, slightly raised. 
Shallow depression formed on each side 
of streak. Agar softened beneath growth. 

Nutrient broth: Turbid in 48 hours. 
Light orange-yellow pellicle; considerable 
viscous sediment. 

Litmus milk: Alkaline; butter-colored 
pellicle. Reduction in bottom of tube 
after 10 days. No curd. No digestion. 

Potato; Growth moderate, orange-yel¬ 
low, smooth. No darkening. 

Indole not formed. 

Nitrites not produced from nitrates. 
Starch agar plates not hydrolyzed. 
Utilizes arabinose, galactose, lactose, 
fructose, maltose, melczitosc, raflinose, 
starch, xylose, glucose, mannose, su¬ 
crose, pectin, rhamnose, sulicin and 
dextrin. No growth in dulcilol, erythri- 
tol, glycerol, sorbitol, mannitol or inuliri. 
Limits of pll; 5.4 to lO.O. 

Temperature relations: Optimum 28'^C. 
Good growth at 25®C. Moderate growth 
at 20'* and at 37'’C. No growth at 10® 
and at 42®C. 

Facultative anaerobe. 

Distinctive characters: Softens agar; 
considerable change in viscosity of agar 
due to this digestion; utilization of 
ammonium sulfate as nitrogen source. 

Source: Three cultures isolated from 
an experimental trickling filter receiving 
creamery wastes. 

Habitat: Probably widely distributed 
in nature. 

14. Pseudomonas segnls Gorcsline. 
(Jour. Bact., 26, 1933, 452.) From Ijitin 
segne, non-energetic. 

Short rods: 0.2 to 0.3 hy 1.0 to 1.2 mi¬ 
crons, with pointed ends, occurring singly 
or in pairs. Motile with a single polar 
flagellum. Gram-negative. 

Plain gelatin stab: No growth. 

Nutrient gelatin stab: Growth yellow, 
half-way down stab, best at surface. 
No liquefaction. 
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Nutrient agar colonies: \ cry small, 
light yellow; surface pitted. After o 
days colonies 5 mm in diameter. 

Nutrient agar slant; Growth heavy, 
orange-yellow, consistency of warm but¬ 
ter; edge entire, slightly raised; slight 
depression formed on each side of growth. 
Agar softened beneath growth. 

Nutrient broth: Turbid in 48 hours. 
No pellicle or surface growtli. Moderate 
amount of seilinicnt. Old cultures with a 
yellow ring at surface and occasionally a 
loose membrane. 

Litmus milk; Slightly alkaline after 10 
days. No reduction. No surface growth. 

Potato; Scant yellow-orange growth. 
No darkening. 

Indole not formed. 

Nitrites not produced from nitrates. 
No HjS produced. 

Starch not hydrolyzed. 

Utilizes arabinose, glucose, galactose, 
lactose, fructose, maltose, mannose, 
xylose, sucrose, mclezitose and raffmose. 
Limits of pH; 5.8 to 9.0. 
Temperature relations: Optimum 28®C. 
Good growth at 2o‘"C. Moderate growth 
at 20“ and at 37“C. No growth at 10“ 
and at 42®C. 


with a single polar flagellum. Gram¬ 
negative. 

Gelatin colonies (glucose): Circular 
with blue center, a granular, yellow zone 
and a peripheral blue zone. Rapid 
liquefaction with blue crystals. 

Gelatin stab: Liquefied. 

Agar colonies: Circular, yellowish, 
lobatc margin. 

Agar slant: Yellowish streak, smooth, 
glistening. 

Broth: Turbid with thin pellicle. 
Litmus milk; After 48 hours the sur¬ 
face of the milk becomes yellow to cream 
color turning blue. A soft coagulum is 
formed. 

Potato; Raised growth, Prussian blue 
in color, with variations. 

Indole is not formed. 

Nitrites produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 22® to 25®C. 
Habitat: Water. 

Appendix 11:* The following inade¬ 
quately described species may belong 
to the genus Xanthomonas. 

Bacterium citri deliciosae Passalacqua* 
(Rev. Pat. Vcg., H, 1934 , 27.) Isolated 


Facultative anaerobe. 

Distinctive characters: Softens agar; 
considerable change in viscosity of agar 
due to this digestion. 

Source; Isolated from an experimental 
trickling filter receiving creamery wastes. 

Habitat : Probably widely distributed 
in nature. 

15. Pseudomonas lemonnieri (Lasseur) 
comb. nov. {Bacillus lemonnieri Lasseur, 
Compt. rend. Soc. Biol. Paris, 74, 1913, 
47; Bui. de la Soc. des Sci. de Nancy, 
1924; Flavohaclerium lasseuri Bergey et 
aL, Manual, 3rd ed., 1930, 144.) Named 
for Prof. G. le Monnier, a French 
scientist. 

Rods; 0.5 to 0.7 by 1.0 to 2.0 microns, 
occurring singly and in pairs. Motile 


from Citrus sp. 

Bacterium malvacearum var. harbaden^e 
Evelyn. (Ann. Rept. Agric. Barbados 
for 1926-27, 1928, 15.) Isolated from 

cotton. • u ('TT 

Pseudomonas amaranti (sic) Smith, t 

S. Dept. Agr., Div. Veg. Phys. and Path. 

Bull., 1901,153; Bacterium amaranthi 

Smith, Bact. in Relation to Plant Dis., 

S 1914, 148; Pkytomonas amaranth 

Bergey et al.,Manual, 1st ed., 1923,18® ^ 

Isolated from diseased amaranthus. 
Growth in culture similar to Xan/Ao- 
rnonas campesiris and Xanlhomonas y® 

cinthi. j 

Pseudomonas alutacea Migula. 
ergelber Bacillus, TatarofT. Die ® 

Wasserbakterien, Inaug. Diss., Dorpa , 


• Prepared by Prof. Robert S. Breed, New York State Experiment Station, Gene 
New York, July, 1943. 
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1891, 61; Migula, Syst. d. Bakt., 2, 1900, 
936.) Isolated from water. 

Pseudomonas graveolans Migula. ( Ba¬ 
cillus aquatilis graveolens Tataroff, Die 
Dorpater Wasserbakterien, Inaug. Diss., 
Dorpat, 1891, 48; Migula, Syst. d. Bakt.,’ 
1900, 934.) Isolated from water. 
Not Pseudoinonas graveolens Levine and 
Anderson (Jour. Bact., 23, 1932, 343) 
isolated from musty eggs, and by Olson 


and Hammer (Iowa State Coll. .Tour. Sci.. 
9, 1934, 125) from milk. 

Pseudomonas rcsinacca Migula. 
(Harzfarbener Bacillus, Tataroff, Die 
Dorpater Wasserbakterien, Inaug. Diss., 
Dorpat, 1891, 64; Migula, Syst. d. Bakt.^ 
5, 1900, 935.) Isolated from water. 

Xanlhoinonas taraxnci Niederliauser. 
(Phytopath., 33, 1943, 961.) Paflio- 
genic on Russian dantlelion {Taraxacum 
kok-saghz). 


Genus III. Methanomonas Orla-Jensen.* 

^ „ . , ^^®'^^-f-Bakt.,IlAbt.,^^,1909,311.) 

an^watTr " -"Ethane to CO: 

The type species is Uelhanomonas methanica (Sohngen) Orla-Jensen. 


1. Methanomonas methanica (Sohn- 

gen) Orla-Jensen. {Bacillus methanicus 
Sohngen, Cent, f, Bakt., II Abt., 15, 
1906, 513; Orla-Jensen, Cent. f. Bakt.,' 
II Abt., 22, 1909, 311.) From methane. 

Short rods: 0.5 to 0.8 by 2.0 to 3.0 mi¬ 
crons, motile in young cultures by means 
of a single flagellum. In older cultures 
nearly spherical. Can be cultivated in 
an atmosphere composed of one part CH 4 
and two parts air on washed agar contain¬ 
ing the necessary inorganic salts. The 
growth is membranous. 


At the end of two weeks, the organisms 
changed an atmosphere containing 225 
ml. CIU and 321 ml. O* to the follow¬ 
ing: 


. 0 mi. 

CO 2 . 78 ml. 

O 2 . 172 ml. 


In addition, 21 ml. CO 2 was dissolved 
in the liquid. 

Habitat: Presumably widely distrib¬ 
uted in soil. 


Genus IV. Acetohacter Bcijerinck.^ 


(Proc. Kon. Akad. v. Wetenschapp., Amsterdam, 2, 1900, 495.) 

Acetohacter aceti first appeared (Krai’s Sammiung v. Mikroorg., Prague, 1898, 4) 
as a synonym of Bacterium aceti Hansen. Beijerinck {loc. cit.) mentions Acetohacter 
^eti in a footnote of a later paper. The genus name Acetohacter was accepted by 

fuhrmann (Beiheft Bot. Centralbl., Orig., 19, 1905, 8) and others. From Latin 
acetum, vinegar; bactrum, rod. "— 

Synonyms: lUlvina KUtzing, Algae aquae dulcis, etc., llth decade, 1837- Myco- 
dermoThompson, Ann. d. Chem. u. Pharmacie, 85,1852,89; ?C/m6ma Naegcii, Bericht 
Uber die Verhandlingen der bot. Section der 33 Vcrsammlung dcutscher Natur- 
fomcher. und Arzter. Bot. Ztg., 1857,760; BacUrium Lanzi, N. Giorn. bot. ital. 1876 
lorula Saccardo, Atti Soc. Ven. Trent., 6, 1878, 315; Bacteriopsis (in part)Trcvi- 
^n, Atti Accad. Fisio-Medico-Statistica Milano, Ser. 4, 5, 1885, 103; Micrococcus 

i ’ Schroeter, Kryptogamen Flora von Schlesien, 

. 1886, 161; Termobaclerium Zeidler, Cent. f. Bakt., II Abt., 2, 1896. 739; Acelobac- 


• Prepared by Prof. D. H. Bergey, Philadelphia, Pennsylvania, December, 1922 

furlh^''* • ^ P- Qm Canada, July. 1938; 

Berkeley, CalRornia 
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fciium Ludwig, in abstract of Iloyer’s Inaug. Diss., Cent. f. Bakt., II Abt., 

S67; *lcc/imonas Orla-Jensen, Cent. f. Bakt., II Abt., 22, 1909, 312. 

In addition, the sub-gcneric names Euacetobacter and Acetogluconobacter have 
been proposed by .Vsai, Jour. Agr. Soc. Japan, II, 1935, 502. The genus Gluconobacter 
and the sub-genera Eiigluconobacter and Gluconnacctobacter Asai (loc. cil.) may be 
synonyms in whole or in part. 

Individual cells ellipsoidal to long and rod-shaped, occurring singly, in pairs, or 
in short or long chains. Motile with polar flagella, or non-motilc. Involution forms 
may be spherical, elongated, filamentous, club-shaped, swollen, curved or even 
branched, \oung cells Gram-negative; old cells often Gram-variable. Obligate 
aerobes; as a rule strongly catalase positive, sometimes weakly so. Oxidize various 
organic compounds to organic acids and other oxidation products which may undergo 
further oxidation. Common oxidation products include acetic acid from ethyl alcohol, 
gluconic and sometimes ketogluconic acid from glucose, dihydroxyacetone from gly¬ 
cerol, sorbose from sorbitol, etc. Nutritional requirements vary from simple to com¬ 
plex. Development generally best in yeast infusion or yeast autolysate media with 
added ethyl alcohol or other oxidizable substrate. Optimum temperature variable 
with the species. Widely distributed in nature where they are particularly abun¬ 
dant in plant materials undergoing alcoholic fermentation; of importance to man for 
their role in the completion of the carbon cycle and for the production of vinegar. 

The type species is Acetobacter aceti (Kutzing) Beijerinck. 


Key to species of genus Acetobacter. 

I. Oxidize acetic acid to carbon dioxide and water. 

A. Capable of utilizing ammonium salts as a sole source of nitrogen (Hoyer’s 

solution).* 

1. Acetobacter aceti. 

B. Do not utilize ammonium salts as a sole source of nitrogen.* 

1. Forms a thick, zoogloeal, cellulose membrane on the surface of liquid 
media. 


2. Acetobacter xylinum. 

2. Do not form a thick, zoogloeal membrane on the surface of liquid 
media. 

3. Acetobacter rancens. 

3a. Acetobacter pasleurianum. 

_ ^ ^ 3b. Acetobacter kuetzingianum. 

11. Do not oxidize acetic acid. 

A. Form pigments in glucose media. 

1. Dark brown to blackish pigment. 

4. Acetobacter melanogcnum. 

2. Fink to rose pigment. 

Tj .p^ 5. Acetobacter Toseum. 

D. Do not form pigments. 

1. Optimum temperature 30** to 35®C. 

rt ^ Acetobacter suboxydans. 

2 . Uptimum temperature 20® to 25®C. 

7. Acetobacter oxydans. 


hupivii^n 'With certainty whether Acetobacter pasteurianum and AceU>bacl 
for capable of using inorganic nitrogen as a sole source of nitroge 

advisablp these two species are among those first described it 

etain them for the present. See Acetobacter rancens Beijerinck. 
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1. Acetobacter aceti (Kiitzing) Beijcr- 
inck. {Ulvina accti Kiitzing, Algae 
aquae dulcis etc., llth decade, 1S37; 
il/ycoderma accti Thompson, Ann. d. 
Chem. u. Pharmacie, S3, 1852, 89; C/m- 
bina aceti Naegcli, Bericht uber die 
Verhandlingen der bot. Section der 33 
Versammlung deutscher Naturforschcr 
und Arzter. Bot. Ztg., 1857, 760; Bac¬ 
terium aceti Lanzi, N. Giorn. bot. ital., 
1876, 257; Torula accti Saccardo, Atti 
Soc. Veil. Trent., 5,1878, 315; Bacteriop- 
sis aceti Trevisan, Atti della Accademia 
Fisio-Medico-Statistica in Milano, Scr. 
4, S, 1885, 103; Micrococcus aceti Maggi, 
Jour. Microg., 10, 1886; Bacillus accti 
Schroeter, Kryptogamen Flora von Schlc- 
sien, 5, 1, 1886, 161; Bacillus acciicus 
Flugge, Die Mikroorganismen, 1886, 313; 
Beijcrinck, Krai’s Sammlung v. Mikro- 
org., Prague, 1898, 7; Beijcrinck, Proc. 
Kon. Akad. v. Wetensch., Amsterdam, 
2, 1900 , 495; Bacterium hansenianum 
Chester, Man. Detcrm. Bact., 1901,126.) 
From Latin acetum, vinegar. 

Rods: 0.4 to 0.8 by 1.0 to 2.0 microns, 
occurring singly and in long chains, fre¬ 
quently showing large club-shaped forms. 
Stain yellow with iodine solution. Mo¬ 
tility variable. Motile cells possess a 
single polar llagellum (Vaughn, Jour. 
Bact., 46, 1943, 394). Forms large, 
shiny colonics on beer gelatin containing 
10 per cent sucrose. 

Forms slimy pellicle on fluid media, or 
ring or turbidity without pellicle. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, sorbose, 
sucrose, maltose, lactose, raffinose, dex¬ 
trin, starch, glycogen, inulin, metliyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Henneberg, Die deutsch. Es- 
sigind., 2, 1898, 147). 

Aerobic. 

Distinctive characters: Marked oxida¬ 
tive power causing rapid and complete 
oxidation of substrate as glucose or ethyl 
alcohol; ability to utilize inorganic nitro¬ 


gen salts as a sole source of nitrogen 
(Hoyer, Inaug. Diss., Leiden, 1898, 43; 
Beijcrinck, Cent. f. Bakt., II Abt., 4, 
1898, 215); growth and oxidative activity 
in association with fermenting yeasts 
(Vaughn, Jour. Bact., 1938, 360). 

Optimum temperature 30®C. Growth 
occurs between 10® and 42®C. 

Habitat: Vinegar; souring fruits, vege¬ 
tables and beverages. 

2. Acetobacter xylLnum (Brown) Hol¬ 
land. {Bacterium xylinum Brown, Jour. 
Chem. Soc., liondon, 40, 1886, 439; 
Holland, Jour. Bact., 5, 1920, 216; Ba¬ 
cillus xylinus Holland, ibid., 221.) 
From Gr. xylinus, wooden (in reference 
to the cellulose in the membrane). 

Rods, about 2 microns long, occurring 
singly and in chains. The cells have a 
slimy envelope which gives the cellulose 
reaction. 

A film forms on the surface of liquids. 
This film becomes cartilagenous and falls 
to the bottom. This zoogloeal film forms 
on all liquid media in which growth 
occurs; the nature of the medium influ¬ 
ences the thickness of the film which may 
vary from 1 to 250 millimeters. 

X-ray pattern studies made by Khou- 
vine, Champetier and Sutra (Compt. 
rend. Acad. Sci. Paris, 194, 1932, 208) 
and by Barsha and Hibbert (Can. Jour. 
Research, 10, 1934, 170) have shown that 
the cellulose contained in the membranes 
formed by Acetobacter xylinum is identi¬ 
cal with cotton cellulose. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, maltose, 
lactose, raffinose, dextrin, starch, methyl 
alcohol, isopropyl alcohol,butyl alcohol, 
isobutyl alcohol, amyl alcohol, manni¬ 
tol and acetaldehyde (Henneberg, Die 
deutsch. Essigind., 2, 1898, 147). 

Aerobic. 

Distinctive character: The production 
of thick, leathery, zoogloeal cellulosic 
membranes on the surface of liquids. 

Optimum temperature 28®C. 
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Habitat: Vinegar; souring fruits, vege* 
tables and beverages. 

3. Acetobacter rancens Beijerinck. 
{BacieTium rancens Beijerinck, Cent. f. 
Bakt., 11 Abt., 4, 189S, 211; Beijerinck, 
Krai’s Sammlung v. Microorg., Prague, 
1898, 4.) From rancens, being rancid. 

Beijerinck {loc. cit.) in a footnote 
stated that “two of the many varieties of 
B. rancens have been described by Hen- 
neberg under the names of B. oxydans 
and B. acclosum. Hansen erroneously 
called this species B. aceti as did Brown. 
Neither Hansen nor Brown knew B. 
aceti Pasteur.” No further morphologi- 
ca 1 description is given. 

The following description is taken in 
part from a study of a culture of Aceto¬ 
bacter rancens received from Kluyvcr 
(Vaughn). 

Rods with the usual morphological ap¬ 
pearance of cultures of acetic acid 
bacteria. Gram-negative. Motility 
variable. Motile cells possess a single 
polar flagellum (Vaughn, Jour. Bact., 
46, 1943, 394). Involution forms com¬ 
monly appear as fllaments and enlarged 
cells. 

Wort agar slant: Growth abundant, 
butyrous, pale-buff in color in one week. 

Yeast infusion, glucose, calcium 
carbonate slant: Growth abundant, bu¬ 
tyrous and cream-colored in one week. 

With petri dish cultures well isolated 
colonies are large, smooth and butyrous 
on either medium. 

Broth cultures containing peptone or 
yeast infusion form a mucilaginous, slimy 
pellicle. Beijerinck {loc. cit.) called 
this polysaccharide pellicle, cellulose-like 
and intimated that the mucilaginous 
material in the pellicle was somewhat 
different from that produced by Aceio- 
bacter xylinum. The pellicle material 
stained blue when treated with iodine 
and hydroiodic acid. 

Acid from glucose, ethyl alcohol, propyl 
alcohol, butyl alcohol, glycol, adonitol, 
mannitol and sorbitol. No acid from 
numerous other compounds tested. 


Distinctive character; Production ot a 
thin, mucilaginous, slimy, polysaccharide 
membrane on the surface of liquids as 
compared with the thick, true cellulose 
membrane of i4ccto6ac/cr xylinum grown 
under the same conditions. Beijerinck 
{loc. cit.) reported the production of a 
cellulose-like membrane with some cul¬ 
tures of Acetobacter rancens. 

Source: Isolated from shavings in the 
quick vinegar process. 

Habitat: Found in fermented grain 
mash, malt beverages, mother of vinegar. 

Beijerinck (Cent. f. Bakt., II Abt., 4» 
1898, 211) thought that the next two 
species were hardly more tlian varieties 
of Ace/o6ac^cr rancens. 

3a. Acetobacter pasteurianum (Han¬ 
sen) Beijerinck. {Mycoderma pasteuri- 
anum Hansen, Compt. rend. d. Trav. d. 
Lab. d. Carlsberg, /. 1879, 96; Bacterium 
pasteurianum Zopf, Die Spaltpilze, 2 
Aufi., 1884, 49; Beijerinck, Krai’s Samm¬ 
lung V. Microorg., Prague, 1898, 7.) 
Named for Pasteur, the French chemist 
and bacteriologist. 

Rods: 0.4 to 0.8 by 1.0 micron, 
occurring singly and in chains, at times 
showing thick, club-shaped forms. Mo¬ 
tility variable. Motile cells possess a 
single polar flagellum (Vaughn, Jour. 
Bact., 46, 1943, 394). Stains blue with 
iodine. 

Wort gelatin colonies: Small, circular, 

entire, gray, slimy. 

Forms a dry, wrinkled folded pellicle 
on double beer with one per cent alcohol. 

Meat infusion gelatin: Widespread, 
later rosette form, toothed. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, sorbose, 
sucrose, maltose, lactose, raffinose, 
dextrin, starch, glycogen, inulin, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetm- 
dehyde (Henneberg, Die deutsch. Essig 
ind., B, 1898, 147). 

Aerobic. 
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Optimum temperature 30'^C. Growtii 
occurs between 5® and 42®C. 

Habitat: Vinegar; beer and beer wort. 

3b. Acctobacter kuetzingianum (Han¬ 
sen) Bcrgey et al. (Bacterium kuetzingi- 
anHw Hansen, Compt. rend. d. Trav. d. 
Lab. d. Carlsberg, 5, 1894, 191; Bergey 
ct al., Manual, 1st ed.. 1923.35.) Named 
for Kuetzing, the German botanist. 

Short, thick rods, occurring singly. 
Rarely forming chains of notable length. 
Capsule stained blue with iodine and witli 
potassium iodide. Non-motile. 

Double beer gelatin colonies: Small, 
entire, with vermiform surface. 

Wort gelatin colonies: Small, entire, 
with surface free of wrinkles. 

Double beer: Forms a rather thick, 
folded pellicle. Distinguished from .4ce- 
tohacler aceli in showing heavier growth 
above the surface of the media. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, sorbose, 
sucrose, maltose, lactose, raffinose, dex¬ 
trin, starch, glycogen, inulin, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Hennebcrg, Die deutsch. Essig- 
ind., S, 1898, 147). 

Aerobic. 

Optimum temperature 34°C, maximum 
42®C, minimum 6 to 7°C. 

Habitat: Beer. Found in double beer. 

4. Acetobacter melanogenum Bei- 
jerinck. (Cent. f. Bakt., II Abt., S9, 
1911, 175.) From Greek melas (melon), 
black; -genes, producing. 

Rods: Non-motile or motile. Motile 
cells possess a single polar flagellum 
(Vaughn, Jour. Bact., 46, 1943, 394). 

Gelatin: Apparent liquefaction prob- 
^ly caused by acid, not an enzyme. 
When held on artificial media for some 
time, the power of liquefying gelatin is 
ost, probably due to a slower production 
of acid. Deep brown pigment produced; 


gelatin becomes insoluble in boiling water 
and in trypsin solution. 

Beer- or wort-gelatin plates: Charac¬ 
teristic dark brown, wide-spreading, 
diffuse areas. 

Tap watcr-agar-glucose-peptone-po- 
tassium phosphate-iron citrate-chalk 
medium: In 24 hours at 30®C, black, 
spreading, diffuse areas. 

Utilizes peptone as a source of nitrogen. 
Produces the pigment from peptone only 
if maltose or glucose is present as a 
source of carbon. When grown in glu¬ 
cose-peptone broth with CaCOa at 25® 
to 30®C, black pigment is produced after 
several weeks, and the carbonate is 
changed to calcium gluconate. 

Pigment: The pigment causing the 
brown coloration is an aromatic substance 
which is blackened by iron salts. Re¬ 
duces alkaline solutions of silver and 
mercury, blackening them. 

Oxidizes mannitol and sorbitol to fruc¬ 
tose and sorlwse. Docs not attack sucrose 
and fructose. Much gluconic acid is 
produced. Acid from glucose and mal¬ 
tose. Acetic acid j)roduced from alcohol. 

Distinctive character: The formation 
of dark brown to black pigment in media 
containing a suitable substrate; par¬ 
ticularly glucose. 

Source: Isolated from beer. 

Habitat: Causes light-colored beer to 
become darker brown. It is a very strong 
beer-vinegar bacterium. Also found in 
souring fruits. 

5. Acetobacter roseum Vaughn. 
(Bacterium hoshigaki var. rosea Taka- 
hashi and Asai, Cent. f. Bakt., II Abt., 
82, 1930, 390; Acetobacter hoshigaki 

Bergey et al.. Manual, 4th cd., 1934, 39; 
Vaughn, Wallerstcin Lab. Communica¬ 
tions, 6, No. 14, 1942, 20.) From Latin, 
Tosa, rose. 

Rods: 0.7 to 0.9 by 1.5 to 1.8 microns, 
generally occurring singly, at most in 
pairs, often in chains. Non-motile. 
Pellicle on fluid media yields no starch 
or cellulose reaction. 
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Koji (a mixture of rice and mold spores 
used to start fermentation of Japanese 
bread and sake) extract agar colonies: 
Small, granular, circular, glistening, 
umbonate, becoming brownish. 

Wort agar colonies: Circular, milky- 
white, becoming brownish in center and 
yellowish at periphery. 

Glucose sake agar; Circular, milky- 
white, granular, umbonate, entire. 

Iloshigaki (dried persimmons) extract 
agar: Circular, milky-white, granular, 
becoming yellowish-brown in the center 
and grayish-white at the periphery. 

Koji extract agar streak; Grayish- 
white, glistening with ciliate margin, 
becoming purple brown to brown. 

Koji extract; Turbid with thin film, 
ascending on wall of tube. 

Bouillon: Turbid with ring formation. 
Yeast infusion glucose agar: Colonics 
similar to those on wort agar. 

Yeast infusion glucose broth: Turbid 
with thin, ascending film. 

Red color produced on sak6 wort agar 
and all media containing calcium 
carbonate. 

Acid from glucose, fructose, galactose, 
arabinose, glycerol, mannitol, ethyl and 
propyl alcohol. No acid from maltose, 
sucrose, lactose, raffinose, dextrin,starch, 
inulin, sorbitol, glycogen, isodulcitol and 
methyl alcohol. 

Forms gluconic acid from glucose. 
Aerobic. 

Optimum temperatures 30® to 35®C; 
maximum 40® to 41®C; minimum 10® 
to 15®C. 

Thermal death point 50®C for 5 
minutes. 

Distinctive character: The formation 
of a rose to red pigment in suitable media; 
particularly those containing glucose 
and calcium carbonate. 

Source: Isolated from fermenting mash 
of dried persimmons (hoshigaki), and 
souring figs and dates. 

Note: Vaughn, Wallerstein Lab. Com¬ 
munications, 5, No. 14, 1942, 20, has 
proposed the name Acetobacter roseiim to 
replace the name Acetobacter hoshigaki. 


As originally described, this organism 
was given the name Bacterium hoshigaki 
var. rosea by Takahashi and Asai {loc. 
cit.) without the authors having first 
named and described the species Bac¬ 
terium hoshigaki. The Japanese word 
“hoshigaki” has been used in a confus¬ 
ing manner viz. Takahashi and Asai, 
loc. cit. (Bacterium industrium var. 
hoshigaki) and Takahashi and Asai, 
Jour. Agr. Chem. Soc. Japan, 9, 1933, 351 
and Cent. f. Bakt., II Abt., 87, 1933, 385 

(Bacterium hoshigaki var. glucuronicum 
I, II and III). None of these Japanese 
names arc in the form of true binomials. 

6. Acetobacter suboxydans Kluyver 
and de Leeuw. (Paper read at the con¬ 
vention of the Dutch Society of Microbiol¬ 
ogy, Utrecht, December, 1923, see Tijd- 
schrift V. Vergclijkende Genccskunde, 
10, Afl. 2-3, 1924.) From L. sub, under, 
less; Gr. oxijs, sharp, acid; dans, giving, 
i.o. less acid giving; less oxidizing. 

Short rods: Occurring singly or in 
chai ns. Non-mot ilc. Morphologically 
like Acetobacter rancens. 

Forms very thin, hardly visible pellicle 

on fluid media. 

Wort agar colonies: Very small, circu¬ 
lar, slightly yellow. 

Acid from ethyl alcohol, propyl alco¬ 
hol, glycol, glucose, glycerol and sorbitol. 

Optimum temperature 30°C. 

Distinctive character; Partial oxida¬ 
tion of substrates as indicated by the 
formation of calcium 5-keto gluconate 
crystals on the surface of agar slants con¬ 
taining glucose and calcium carbonate. 

Source: Isolated from spoiled beer. 

Habitat: Beer. 

7. Acetobacter oxydans (Henneberg) 
Bergey et al. (Bacterium oxydans Hen¬ 
neberg, Cent. f. Bakt., II Abt., 5, 1897, 
223; Bacillus oxydans Migula, Syst. d. 
Bakt., S, 1900, 800; Bergey ct al.. Manual, 
1st ed., 1923, 36.) From Gr. oxys, sharp, 

acid; dans, giving. 

Rods: 0.8 to 1.2 by 2.4 to 2.7 microns, 

occurring singly and ini chains. Moti e 
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cells possess a single polar flagellum 
(Vaughn, Jour. Baet., Jff. 1913, 394). The 
chains show bud-like swellings. 

Gelatin colonics: Circular, becoming ir¬ 
regular in shape with peculiar ramifica¬ 
tions. 

Acid from arabinose, fructose, glucose, 
galactose, sucrose, maltose, ratlinose, 
dextrin, ethyl alcohol, propyl alcohol, 
erythritol, mannitol, glycol and glycerol. 
No acid from sorbose, lactose, starch, 
glycogen, inulin, methyl alcohol, isopro¬ 
pyl alcohol, butyl alcoliol, isobutyl 
alcohol, amyl alcohol, dulcitol and acetal¬ 
dehyde (Henneberg, Die dcutsch. Essig- 
ind., £, 1898, 147). 

Aerobic. 

Optimum temperature IS® to 21®C. 

Distinctive characters: I.k>w optimum 
temperature for growth and oxidation of 
substrates; and the ability to oxidize a 
large number of substrates. 

Habitat: Beer. 

Appendix: The following species have 
been described, but until more compara¬ 
tive studies have been made, no change 
in nomenclature is recommended or 
advisable. 

1. Acetobacter zeidleri Beijerinck. 
(Termobacteriiim aceti Zeidlcr, Cent, f, 
Bakt., II Abt., 2, 1896, 730; Bacterium 
zeidleri Beijerinck, Acetobacter zeidleri 
Beijerinck, Krai’s Sammlung v. Mikro- 
org., Prague, 1898, 7; Bacillus zeidleri 
Migula, Syst. d. Bakt., 2, 1900, 801; 
Acetobacter lindneri Bcrgcy et al., Man¬ 
ual, 1st ed., 1923, 36.) Named for A. 
Zeidlcr, who first isolated tliis species. 

Hods, occurring singly and in chains, 
showing large sausage-shaped involution 
forms. Motile with a single polar flagel¬ 
lum (Zeidler,Cent. f. Bakt., II Abt., 4, 
1898, 669). 

Wort gelatin: Small, circular, slightly 
granular, yellowish-brown, entire 
colonies. No liquefaction. 

Dirty, yellowish-brown pellicle on 
liquid media. 

Wort gelatin slant: Strongly glistening. 


transparent, whitish in center, smooth, 
very weakly licpictied. 

Potato: V ery scant growth. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid from 
arabinose, fructose, galactose, maltose, 
lactose, raflinosc, dextrin, glycogen 
% y isopropyl alcohol, butyl 

alcohol, isobutyl alcohol, amyl alcoliol, 
glycerol, mannitol and acetaldehyde 
(Henneberg, Die deut.sch. Essigind., 2, 
1898, 147). 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Beer wort. 

2. Acetobacter acetosum (Henneberg) 
Bergey ct al. {Bacterium acetosum Hen¬ 
neberg, Cent. f. Bakt., II Abt., 3, 1897, 
223; Bergey ct al.. Manual, 1st ed., 1923, 

36. ) From Latin, acetum, vinegar. 

Hods: 0.4 to 0.8 by 1.0 micron, occurring 

singly and in chains. Non-motilc. 
Stains yellow with iodine. 

On beer, yeast water and glucose solu¬ 
tions a firm, coherent, uniform, smooth, 
white film that becomes folded (Honne- 
berg, Giirungsbakt., 2, 1926, 201). 

Acid from glucose, galactose, ethyl 
alcohol, and propyl alcohol. No acid 
from arabinose, fructose, sorbose, sucrose, 
maltose, lactose, raflinose, dextrin, 
starch, glycogen, inulin, methyl alcohol, 
isopropyl alcohol, butyl alcohol, iso- 
butyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Henneberg, Die dcutsch. Essig¬ 
ind., 2, 1898, 147). 

Optimum temperature 28®C, maximum 
36®C, minimum S®C (Henneberg, Cent, 
f. Bakt., II Abt., 4, 1898, 14). 

Habitat: Beer. 

3. Acetobacter ascendens {Henne¬ 
berg) Bergey et al. {Bacterium ascen¬ 
dens Henneberg, Zcitschr. f. dcutschc 
Essigind., Berlin, No. 19 to 23, 1898, 145; 
also see Cent. f. Bakt., II Abt., 4, 1898, 
933; Bergey ct al., Manual, 1st ed., 1923, 

37. ) From Latin, ascendo, pp. ascen¬ 
dens, ascending. 

Rods, occurring singly, rarely in chains. 
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Non-motile. Do not give the cellulose 
reaction with iodine solution. 

Glucose gelatin colonics: Dry, white, 
with white area surrounding the colony. 

Fluid cultures have a tough pellicle 
rising on the wall of the flask. 

Acid from ethyl alcohol, propyl alcohol 
and glycol. No acid from arabinose, 
fructose, glucose, galactose, sucrose, 
maltose, lactose, rafRnose, dextrin, 
starch, methyl alcohol, isopropyl alcohol, 
butyl alcohol, isobutyl alcohol, amyl 
alcohol, glycerin, mannitol and acetal¬ 
dehyde (Henneberg, Die dcutsch. Essig- 
ind., 2, 1898, 147). 

Aerobic. 

Optimum temperature 31®C. 

Habitat: Isolated from vinegar and 
from red wine. 

4. Acetobacter plicatum Fuhrmann. 
(Beihefte z. bot. Centralbl., Orig., 19, 
1905, 8.) Description given in Cent. f. 
Bakt., II Abt., 15, 1906, 377. From 
pUcatus, folded. 

Rods : 0.55 to 0.7 by 0.75 to 0.9 microns 
when grown on agar at 28® to 30®C. 
Young streak cultures 0.4 to 0.6 by 1.4 
to 1.6 microns with homogeneous staining 
when grown on beef-cxtract-gelatin at 
22®C. 0.5 by 1.5 to 1.7 microns with 
uneven staining (polar) when grown on 
wine gelatin. At about 40®C the organ¬ 
isms form swollen and greatly elongated 
forms. Non-motile. 

Agar slant: Pale yellowish, translucent 
growth. 

Alcohol-free beer with glucose and 
sucrose: Turbid with thick pellicles. 
Potato: Growth limited. 

Ferments alcohol to form 'acetic acid. 
Optimum temperature 28® to 30®C. 
Habitat: Wine. 

5. Acetobacter acetlgenum (Henne¬ 
berg) Bergey et al. (Bacterium aceti- 
genum Henneberg, Cent. f. Bakt., II 
Abt., 4, 1898, 14; Bacillus acetigenum 
Migula, Syat. d. Bakt., 2, 1900, 801; 
Bergey et al., Manual, 1st ed., 1923, 
35.) From Latin, producing vinegar. 


Rods, occurring singly and in pairs. 
0.8 to 1.2 by 1.2 to 1.4 microns. Motile. 
Cells give a cellulose reaction with H:S 04 
and iodine. 

Glucose gelatin colonies: Raised,gray¬ 
ish, slimy. 

Fluid cultures show a tough, slimy 
pellicle. 

Acid from glucose, ethyl alcohol, 
propyl alcohol and glycol. No acid 
from arabinose, fructose, galactose, sor¬ 
bose, sucrose, maltose, lactose, raffinose, 
dextrin, starch, glycogen, inulin, methyl 
alcohol, isopropyl alcohol, butyl alcohol, 
isobutyl alcohol, amyl alcohol, glycerol, 
erythritol, mannitol, dulcitol and acetal¬ 
dehyde (Henneberg, Diedeutsch. Essig- 
ind.,2, 1898,147). 

Aerobic. 

Optimum temperature 33®C. Thermal 
death point 43® to 45®C for 5 minutes. 

Habitat: Vinegar. 

6. Acetobacter industrlum (Henne¬ 
berg) Bergey et al. (Baclertum indus- 
trium Henneberg, Zcitschr. f. deutsche 
Essigindustrie, Berlin, 1898; Cent. f. 
Bakt., II Abt., 4, 1898, 933; Bacillus 
industrius Migula, Syst. d. Bakt., 2, 
1900, 801; Bergey et al.. Manual, 1st cd., 
1923, 36.) From Latin hiduslrius, 

diligent. 

Rods: 0.3 to 0.8 by 2.4 to 20 microns, 
occurring singly and in chains. No 
distinct color produced with iodine. 
Motile. 

Forms pellicle on fluid culture media. 

Acid from arabinose, fructose, glucose, 
galactose, sucrose, maltose, lactose, raffi¬ 
nose, starch, dextrin, ethyl alcohol, 
propyl alcohol, glycol, glycerol and 
mannitol. No acid from isopropyl alco¬ 
hol, butyl alcohol, isobutyl alcohol, amyl 
alcohol and acetaldehyde (Henneberg, 
Die deutsch. Essigind., 2, 1898, 147). 

Aerobic. 

Optimum temperature 23®C. Maxi 
mum 35®C. Minimum 8®C. 

Habitat: Beer wort. 
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7. Bacterium schuezenbachll Henne- 
bei^. (Die deutsche Essigind., No. 
11-18, 1906; also Cent. f. Bakt., II Abt., 

1906, 790.) Named for Schuzenbach, 
the inventor of the German quick vinegar 
process. 

Rods: 0.3 to 0.4 by 1.0 to 3.6 microns, 
occurring singly, in pairs and chains. 
The cells are round, oval or elongated, not 
infrequently sickle-shaped or irregularly 
bent with rounded or pointed ends. 
Not stained with iodine. Non-motile. 

Wort gelatin colonies: Round, shiny, 
transparent with yellowish-brown cen¬ 
ters. 

A non-coherent film produced on the 
surface of liquid media. 

Acid from arabinose, fructose, glucose, 
galactose, maltose, lactose, dextrin, ethyl 
alcohol, propyl alcohol, glycerol and 
erythritol. Small amount of acid from 
sucrose and raffinose. No acid from 
mannitol (Henneberg, Handbuch d. Giir- 
ungsbakt., 2 , 1925, 239). 

Temperature relations: Optimum 25 ® 

to 27.6®C. Scant growth at 34® to 35“C 

and 13® to 15®C. No growth at 37® and 
7.5®C. 

^urce: Isolated from vinegar in the 
quick vinegar process. 

Habitat: Produces acetic acid in quick 
vinegar process. 

8. Bacterium xyllnoldes Henneberg. 
(Die deutsche Essigind., No. 11 to 18, 
1906; also Cent. f. Bakt., II Abt., 17, 
1006, 794.) From Greek, woody. 

Rods: 0,5 to 0.8 microns (round cells) 
and 0.5 to 1.2 microns (long forms), oc¬ 
curring singly, in pairs or chains, cells 
*^und and as short and long rods. The 
thick membrane like that produced by 
Acetobacter xylinum gives the reaction 
for cellulose with iodine and sulfuric 

membrane does not. 
ort gelatin: Colonics are produced 
like drops of water, often with light brown 
kernels in the center. 

Wort gelatin streak: Growth transpar¬ 
ent at first, later whitish. 


Three types of membrane on fluid 
media are formed by this species and all 
three may even be found on a culture at 
one time. A. thin, firm, coherent mem¬ 
brane like that of Bacterium orleanense 
may be formed or one that is voluminous, 
scumlike (like coagulated egg-white), 
coherent, somewhat slimy and finally 
thick like that of Bacterium xylinum. 
Also a membrane may be formed that is 
intermediate in type. 

Acid from arabinose, glucose, galac¬ 
tose, sucrose, maltose, ethyl alcohol, 
propyl alcohol, glycerol and erythritol. 
Small amount of acid from fructose and 
mannitol. 

Temperature relations: Optimum 28®C. 
Slight growth at 14®C. No growth at 
6®C. 

Source: Isolated from wine vinegar 
from the Rhine and other sections. 

Habitat: Found in vinegar made by the 
Orleans method. 

9. Bacterium orleanense Henneberg. 
(Die deutsche Essigind., No. 11-18,1906; 
also Cent. f. Bakt., II Abt., 17, 1906,792.) 
Latinized, of Orleans. 

Rods: 0.4 to 0.5 by 1.2 to 2.1 microns, 
occurring singly or in chains. The cells 
are round, elongated or as involution 
forms, w’ith straight or curved cells 
appearing. Not stained with iodine. 
Non-motile. 

Wort gelatin: Colonies irregular in 
form, whitish in color, about 1 mm. in 
diameter in 2 days. 

Wort gelatin streak: Growth often 
slimy, transparent, liquid mass with 
yellowish-brown sediment. 

Wort agar streak: Some strains form 
isolated, moist, slimy, transparent colo¬ 
nies and on the water of condensation 
isolated whitish colonies are formed. 
Other strains form a coherent, trans¬ 
parent coating with a light brown pre¬ 
cipitate later and individual, distinct, 
round colonies of the same color. 

Characteristic of this species is the firm 
coherent film on the surface of liquid 
media. 
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Acid from arabinose, glucose, galac¬ 
tose, maltose, lactose, rafTmose, dextrin, 
ethyl alcohol, propyl alcohol, glycerol, 
erythritol and mannitol. Small amount 
of acid from fructose and sucrose (Hen- 
neberg, Handbuch d. Garungsbakt., 2, 
1926,239). 

Temperature relations: Optimum 20° 
to 30°C. Slight growth at 35° to 36°C 
and 14° to 15°C. No growth at 39° and 
at 7° to 8°C. 

Source; Isolated from vinegar in the 
quick vinegar process. 

Habitat: Can be used both in the 
quick or German process and the Orleans 
method of making vinegar. 

10. Bacterium vlnl acetatl Ilenncberg. 
(Die deutsche Essigind., No. 11-18,1906; 
also Cent. f. Bakt., II Abt., 17, 1906, 
797.) From Latin vinu7n, wine and 
acetum, vinegar. 

Rods: 0.3 to 0.8 by 0.8 to 2.0 microns, 
occurring singly, in pairs and sometimes 
as short chains of three; cell round, oval 
or slightly elongated, and rarely moder¬ 
ately long forms. Strcptococcus-Iike 
cells are found on older agar cultures and 
spindle forms in beer gelatin with 10 per 
cent sucrose. 

Wort gelatin: Round, moist, shiny, 
transparent colonies with whitish sedi¬ 
ment in the center. 

The film on liquid media is not strongly 
coherent and the liquid is cloudy. 

Acid from arabinose, fructose, glucose, 
galactose, sucrose, maltose, rafTmose, 
dextrin, ethyl alcohol, propyl alcohol, 
glycerol and erythritol. No acid from 
lactose (Henneberg, Handbuch d. Gar¬ 
ungsbakt., 2, 1925, 239). ^ 

Optimum temperature 28° to 33°C. 

Source: Wine vinegar. 

Habitat: Found in vinegar made by the 

Orleans method for wine vinegar. 

11. Bacterium curvum Henneberg. 
(Die deutsche Essigind., No. 11-18,1906; 
also Cent. f. Bakt., II Abt., 17, 1906, 
791.) From Latin, curvus, bent. 

Rods: 0.4 to 0.5 by 2.0 to 2.4 microns, 


occurring singly or in pairs, cells usually 
oval or elongated, not infrequently sickle¬ 
shaped, with rounded or pointed ends. 
Not stained with iodine solution. Non- 
motile. 

Wort gelatin: Transparent, round colo¬ 
nies with raised center and edge, fre¬ 
quently whitish and dry. 

.\ non-coherent scanty pellicle is 
formed on the surface of liquid media 
which sinks readily and the liquid is 
quite turbid. 

Forms round white islands on the 
surface of wort with 3 per cent alcohol. 

In old cultures on beer are to be found 
numerous smooth light brown raised 
colonics about 1 mm in diameter on the 
uniform transparent base of the surface 
membrane. 

Acid from arabinose, glucose, raffinosc, 
dextrin, ethyl alcohol, propyl alcohol, 
glycerol and erythritol. Small amount 
of acid from fructose, galactose and 
mannitol. No acid from sucrose, maltose 
and lactose (Henneberg, Handbuch d. 
Garungsbakt., 2, 1925, 239). 

Temperature relations: Optimum 25 
to 30°C. Scant growth at 16° to 17°C. 
No growth at 7° to 8°C. Growth at 35°C. 
No growth at 39°C. 

Source: Isolated from vinegar in the 
quick vinegar process. 

Habitat; Produces acetic acid in the 

quick vinegar process. 

12. Acetobacter viscosum Shimwell. 
(Bacterium aceti viscosum Day and 
Baker, Cent. f. Bakt., II Abt., 36, 1913, 
433; Bacillus aceti viscosum Day and 
Baker, ibid., 437; Also see Baker, Day 
and Hulton, Jour. Inst. Brewing, 
1912, 651; Shimwell, Jour. Inst. Brewing, 
42 (N, S. SS), 1936, 586.) From Latin, 

viscous or slimy. 

Rods: 0.4 by 1.2 microns which produce 
ropiness in beer. No capsules observed. 
Non-motile as a rule. Weakly Gram¬ 
positive. 

Source: From ropy beer. 
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13. Acetobacter capsulatum Shimwell. 

(Jour. Inst. Brewing, 42 (N. S. 32), 
1936, 5S5.) From T^tin, capsulatetl. 

Coccoid rods, 0.8 to 1.0 micron in malt 
extract media. 0.6 to 1.5 microns in other 
media. Produce ropiness in beer. Cap- 
sulated. Motile. Gram-negative. 

Source: From ropy beer. 

14. Acetobacter gluconicum (Her¬ 
mann).* {Bacteruim gluconicum Her¬ 
mann, Biochera. Zeit., 192, 1928, 198; 
also see Hermann, Biochem. Zeit., 205, 
1929, 297 and Hermann and Neuschul, 
Biochem. Zeit., 2S3, 1931, 129.) 

It is unfortunate that an organism so 
well described must be placed with other 
species of uncertain standing. How¬ 
ever, this organism is so closely related 
to the other organisms described in the 

literature that further study is nec¬ 
essary. 

Source: From kombucha, a mixture of 
fungi and bacteria from tea infusions. 

15. Acetobacter turbldans Cosbie, 
To§id and Walker. (Jour. Inst. Brewing, 

1942, 82.) 


This beer vinegar bacterium is char¬ 
acterized by the production of intense 
turbidity in beer and ale. The descrip¬ 
tion given does not, at present, warrant 
recognition of the organism as a new 
species. 

Source: From beer. 

16. Bacterium dihydroxyacetonicum 
Virtanen and Barlund. (Biochem. Zeit 
169, 1926, 170.) 

There is no adequate description of 
this bacterium, and it is doubtful 
whether it can be properly evaluated 
since various species of Acetobacter also 
possess the ability to produce dihydroxy- 
acetone from glycerol. Consideration 
of this as a nomen nudem was indicated 
by Virtanen to Vaughn in a personal 
communication in 1938. 

Source: From beet juice. 

17. Acetobacter peroxydans Visser ’t 
Hooft. (Inaug. Diss., Delft, 1925, 98.) 

The exact taxonomic position of this 
bacterium will not be clear until further 
comparative studies have been made. 

Source: From hydrogen peroxide solu¬ 
tions. 


Genus V. Protaminobacter den Dooren de t/onp.f 

kennis van het mineralisatieproccs. Thesis, Rotterdam, 1920, 
■) From M. L., protamine and Latin, bactrum, rod. 

ells motile or non-motile. Capable of dissimilating alkylamins. Pigmentation 
frequent. Soil or water forms. 

The type species is Protaminobacter albojlavurn den Dooren de Jong. 


Key to the species of genus Protaminobacter. 

I- Non-inotile. Gelatin colonies light yellow to colorless. 

1. Protaminobacter alboflavum. 

II. Motile. Gelatin colonics red. 

2. Protaminobacter rubrum. 


1- Protaminobacter alboflavum den 
^ren do Jong. (Thesis, Rotterdam, 
1926, 169; also see Cent. f. Bakt., II 


Abt., 7/, 1927, 218.) From Latin albus, 
white; yellow. 

Rods: Non-motile. Gram-negative. 


It is uncertain at present who first used this combination. 

T rep^ed by Prof. D. H. Bergey, Philadelphia, Pennsylvania, June, 1929; further 
nZT .* '?/■ State Experiment Station, Geneva 

ixew York, April, 1943. 
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Gelatin colonies: Circular, dry, light 
yellow or colorless. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, opaque, pig¬ 
ment bright red, yellow, light gray or 
colorless. 

Amine agar colonies: Circular, white to 
dark yellow. 

Sec table below for list of organic sub¬ 
stances utilized. 


2. ProtaminobacterrubrumdenDooren 

de Jong. (Thesis, Rotterdam, 1926, 
159; also see Cent. f. Bakt., II Abt., 
71, 1927, 218.) From Latin, ruber, red. 

Rods: Motile with single polar flagel¬ 
lum (Weaver, Samuels and Sherago, 
Jour. Bact., 55, 1938, 59). Gram-nega¬ 
tive. 

Gelatin colonies: Circular, red, dry. 
Gelatin stab: No liquefaction. 


Table I. —Organic Substances Utilized as a Source of Carbon by Varieties of 

Protaminobacter alboflavum 


ORGAKIC ACIDS 

a 
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Catalase is formed. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Soil and water. 

Note: The author recognizes four 
varieties of this species which he dif¬ 
ferentiates on the basis of organic sub¬ 
stances attacked (see Table) and pig¬ 
ment produced. Variety a shows light 
yellow' growth on gelatin, bright red on 
agar and yellow’ on amine agar. Variety & 
is light yellow on gelatin, yellow on agar 
and dark yellow on amine agar. Variety 
7 is light yellow on gelatin, light gray on 
agar and yellow on amine agar. Variety 
fi is colorless on gelatin and agar and white 
on amine agar. 


Agar colonies: Circular, red, opaque. 

Amine agar colonies: Circular, dark 
red. 

The following organic acids are at¬ 
tacked: Acetic, lactic, j 3 -oxybutyric, 
glycerinic, succinic, malonic, formic, 
methyl formic, glutaric, maleinic, fu- 
maric, malic, tartaric, citric and quinic. 

The following amino compounds are 
attacked: Sarcosin, betain, hippuric 
acid, asparagine, propionamid, caprona- 
mid, lactamid, succinamid, allantoin 
and uric acid. 

Glucose is fermented. 

Catalase is formed. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Soil and water. 
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Genus VI. Mycoplana Gray and Thornton.* 

(Cent, f, Bakt., 11 Abt., 73, 1928, 82.) From Greek, mykes, fungus; plane, a wan¬ 
derer or traveller. 

Cells branching, especially in young cultures. Frequently banded when stained. 
Capable of using phenol and similar aromatic compounds as a sole source of energy. 
Grow well on standard culture media. 

Type species Mycoplana dimorpha Gray and Thornton. 


Key to the species of genus Mycoplana. 


I. Gelatin not liquefied. 
II. Gelatin liquefied. 


1. Mycoplana dimorpha. 

2. Mycoplana bullata. 


1. Mycoplana dimorpha Gray and 
Thornton. (Cent. f. Bakt., II Abt., 
73, 1928, 82.) From Greek, di, two; 
morphos, forms. 

Short, curved and irregular rods, 0.5 
to 0.7 by 1.25 to 4.5 microns, showing 
branching especially in young cultures. 
fMotile, with long polar flagella. Gram¬ 
negative. 

Gelatin colonies :Circular, buff, smooth, 
resinous, entire. 

Gelatin stab: No liquefaction. Growth 
filiform. 

Agar colonies: Circular, buff, convex, 
smooth, glistening, entire. 

Agar slant: Filiform, white, convex, 
glistening, entire. 

Broth: Turbid, with surface ring. 

Nitrites not produced from nitrates 
but gas evolved in fermentation tubes. 

Starch hydrolyzed. 

No acid from carbohydrate media. 

Attacks phenol. 

Aerobic. 

Optimum temperature below 30®C. 

Source: One strain isolated from soil. 

Habitat: Probably in soil. 


2. Mycoplana bullata Gray and Thorn¬ 
ton. (Cent. f. Bakt., II Abt., 73, 1928, 
83.) From Latin, bullalus, furnished 
with a boss or knob. 

Rods, curved and irregular, branching, 
0.8 to 1.0 by 2.25 to 4.5 microns. tMotile 
W’ith polar flagella. Gram-negative. 

Gelatin colonies:Circular, buff,smooth, 
glistening, edge diffuse. Partially lique¬ 
fied. 

Gelatin stab: Saccate liquefaction. 

Agar colonies: Circular, white, convex, 
smooth, glistening, entire. 

Agar slant: Filiform, white, convex, 
smooth, glistening, entire. 

Broth: Turbid. 

Nitrites not produced from nitrates. 
Gas, presumably N, in fermentation 
tubes. 

Starch not hydrolyzed. 

No acid from carbohydrate media. 

Attacks phenol. 

Aerobic. 

Optimum temperature below’ 30®C. 

Source: Two strains isolated from soil. 

Habitat: Probably in soil. 


• Prepared by Prof. D. H. Bergey, Philadelphia, Pennsylvania, June, 1929. 
t The original statements regarding the flagellation of these species are contra¬ 
dictory. The first reads “Polar, peritrichous; the second “Polar or pcritrichous”. 
Drawings given usually indicate peritrichous rather than polar flagellation. Further 
study is needed before these species can be properly placed in relation to other known 

species.—Editors. 
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TRIBE II. SPIRILLEAE KLUYVER AND VAN NIEL. 

(Cent. f. Bakt., II Abt., H, 1936, 346.) 

More or less spirally curved cells. 

Key to the genera of tribe Spirilleae. 

I. Generally motile by means of a single polar flagellum. 

A. Short, bent rods occurring singly or united into spirals. 

Genus I. Viftno, p. 192. 

B. Slightly curved rods of variable length. Strict anaerobes which reduce 

sulfates to hydrogen sulfide. 

Genus II. Desulfovibrio, p. 207. 

C. Cells oxidize cellulose forming oxyceIlulo.se. Growth on ordinary culture 

media is feeble. 

1. Long, slightly curved rods with rounded ends. 

Genus III. Cellvibrio, p. 209. 

2. Short, curve'’ rods with pointed ends. 

.Genus IV. Cellfalcicula, p. 211. 

II. Generally motile by means of a tuft of polar flagella. Cells of varying thick¬ 

ness, and length and pitch of spiral, forming either long curves or portions 

of a turn. 

A. Oxidize inorganic sulfur compounds. Cells contain free sulfur granules. 

Genus V. Thiospiroj p. 212. 

B. Not as above. 

Genus VI. Spirillum, p. 212. 


Genus I. Vibrio Muller.* 

(Muller Vermium terrestrium et fiuviatilum, 1, 1773,39; Pacinia Trevisan, Att’ 
d Accad. Fisio-Medico-Statistica in Milano, Ser. 4, 3, 1885, 83; Microspira Schroeter- 
inCohn,Kryptogamen-Flora von Schlesicn.S, 1, 1886, 168; Pscudospira De Toni and 
Trevisan, Sylloge Fungorum, 8, 1889, 1018; Photobacterium Beijerinck, Arch^n6crl. 
d. sci. exactes, $3, 1889, 401; Liquidovibrio Orla-Jensen, Cent. f. Bakt. 11 Abt , 
1909, 333; Orla-Jensen, ibid.; Dicrospira Endcrlein, Sitzber. Ges. natur . 

Freunde, Berlin, 1917, 313.) From Latin, yifero, vibrate. , . , ur 

Colls short, curved, single or united into spirals. Motile by means of a single po 
flagellum which is usually relatively short; rarely, two or three flagella ^ . 

They grow well and rapidly on the surface of standard culture media. Aerobic 

anaerobic species. Mostly water forms, a few parasites. 

The type species is Vibrio comma (Schroeter) W inslow' et al. 

Key to the species of genus Vibrio. 

I. Gelatin liquefied. 

A. Nitrites produced from nitrates. 

1. Indole is formed. 

a. Milk not coagulated. 

1. Vibrio comma. 

2. Vibrio berolinensis. 

aa. Milk coagulated. 

3. Vibrio metschnikovii. 

* Revised by Prof. D. H. Bergey, Philadelphia, Pennsylvania. April, 1937; ^tial 
revision by Capt. Wm. C. Haynes, Sn.C., Fort Bliss, Texas, July, 19 an -jq. 
Col. A. Parker Hitchens, University of Pennsylvania, Philadelphia, Penna., e 

ber, 1943. 
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2. Indole not formed. 

a. Milk not coagulated. 

4. Vibrio lyrogenvs. 

5. xenopus. 

B. Nitrites not produced from nitrates. 

1. Indole is formed. 

a. Milk coagulated, peptonized. 

6. Vi6rio piscium. 


2. Indole not formed. 

a. Milk acid, coagulated. 

7. Vi6no proteus. 

8. Vibrio wolfii. 

9. Vibrio spuiigenus. 

10. Vibrio liquefaciens. 

aa. Milk not coagulated. 

b. Growth on potato thin, barely visible. 

11. Vibrio stricius. 


bb. No growth on potato. 

12. Vibrio aquatilis. 

aaa. Action on milk not reported. 

b. Acid from glucose. Attacks naphthalene. 

13. Vibrio neocistes. 

bb. No acid from carbohydrates. Attacks naphthalene. 

14. V'lbrio cuneatus. 

bbb. No acid from carbohydrates. Liquefies agar. 

15. Vibrio ^ranii’. 


II. Gelatin not liquefied. 

A. Nitrites produced from nitrates. 

1. Acid and gas from glucose. 

16. Vibrio leonardii. 

2. Acid but not gas from glucose. Liquefies agar. 

17. Vibrio agarliquefaciem. 

B. Nitrites not produced from nitrates. 

1. Acid from glucose. 

18. Vibrio cyclosites. 

2. No acid from carbohydrates. 

19. Vibrio percolans. 

C. Nitrite production not reported. 

1. Requires the addition of ammonium sulfate for growth. Ammonium 
sulfate agar liquefied. 

20. Vibrio andoi. 

'2. Do not require ammonium sulfate for growth. 

a. Indole not formed. 

b. Microaerophilic, becoming aerobic. 

21. Vibrio/efws. 

bb. Aerobic, facultative. 

22. Vibrio pieranionii. 


1. Vibrio comma (Schroeter) Wins- 479; Spirillum chohrae asialicae Zopf, 
low et al. (Kommabacillus, Koch, Die Spaltpilzc, 3 Aufl.. 1885, 69; Pacinia 
Berliner klin. Wochcnschr., SJ, 1884, cbofcraeasia/icocTrcvisan, Atti d. Accad. 
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Fisio-Med.-Statistica in Milano, Ser. 4. 3, 
1885 , 84; Microspira comma Schroeter, in 
Cohn, Kryptogamcn Flora v. Schlesien, 
3, 1, 18S6, 168; Vibrio cholerae Neisser, 
Arch. f. Hyg., iP, 1893, 199; Vibrio 
cholerae asialicae Pfeiffer, in Fltigge, Die 
Mikroorganismen. 2, 1896. 527; Winslow 
et ah, Jour. Bact.. 5, 1920, 204; Bacillus 
cholerae Holland, Jour. Bact., 5, 1920. 
217; Bacillus comma Holland, ibid., 218; 
Spirillum ckolerae-asiaticae Holland, 
ibid., 225; Vibrio cholerae-asialicae Hol¬ 
land, ibid., 226.) From Latin. comma. 

Slightly curved rods. 0.3 to 0.6 by 1.0 
to 5.0 microns, occurring singly and in 
spiral chains. Cells may be long, thin 
and delicate or short and thick. May 
lose their curved form on artiffcial culti¬ 
vation. Motile, possessing a single 
polar flagellum. Gram-negative. 

Gelatin colonies: Small, yellowish- 
white. 

Gelatin stab: Rapid napiform lique¬ 
faction. 

Agar colonies: Circular, whitish-brown, 
moist, glistening, translucent, slightly 
raised, entire. 

Agar slant: Brownish-gray, moist, 
glistening. 

McConkey’s medium: Good growth, 
colonies colorless when young, soon 
pinkish, medium becomes darker red. 

Broth: Slightly turbid, with fragile, 
wrinkled pellicle and ffocculent precipi¬ 
tate. 

Peptone water: Characteristic rapid 
growth, chiefly at surface, where after 
6 to 9 hours, a delicate membrane is 
formed; little turbidity, deposit appar¬ 
ently derived from pellicle (Topley and 
Wilson, Princip. Bact. and Immun., 
2nd ed., 1936, 388). Readily isolated 
from the surface film of 0.1 per cent 
peptone water. 

Litmus milk: Alkaline at the top and 
slightly acid at bottom; generally not 
coagulated; peptonized; reduced. 


Potato: Dirty-white to yellowish, moist, 
glistening, spreading. 

Blood serum: Abundant growth, some¬ 
times slow liquefaction. 

Blood agar: The blood pigment is di¬ 
gested forming a greenish zone around 
colonies; a true soluble hemolvsin is 
not formed (the El Tor vibrio also di¬ 
gests blood pigment but in addition pro¬ 
duces a soluble hemolysin. Otherwise it 
is said to be indistinguishable from the 
typical cholera vibrio). 

Indole is formed. 

Nitrites produced from nitrates. 

Cholera-red reaction, which depends 
on production of indole and reduction of 
nitrates is positive. 

Hydrogen sulfide is formed. 

Acid but not gas from glucose, fruc¬ 
tose, galactose, maltose, sucrose and 
mannitol. Slowly from glycerol. Does 
not attack lactose, inulin or dulcitol. 

Group I of Heiberg (Classification of 
Vibrio cholerae and Cholera-like Vibrios. 
Copenhagen, 1935) ferments mannose 
and sucrose but not arabinose. 

Hydrolyzes starch actively in alkaline 
media. 

High alkali but low acid tolerance; 
optimum pH 7.6 to 8.0; for isolation on 
Dieudonne’s medium pH 9.0 to 9.6. 

Aerobic, grows best in abundant o.\y- 
gen; under strict anaerobiosis may fail 
to grow altogether. 

Optimum temperature 37®C. Maxi¬ 
mum 42°C. Minimum 14 ®C. 

Source: From intestinal contents of 
cholera patients in Egypt and India. 

Habitat: Intestinal contents of cholera 
patients and carriers. 

The relationships existing among the 
cholerigenic and non-pathogenic water 
vibrios, although studied intensively, 
have not yet been completely defined. 
As a working scheme, based on somatic 
(O) and flagellar (H) antigen studies, 
Gardner and Vankatraman (Jour. Hyg., 
36, 1935, 262-282) suggest the following 
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Cholera group of vibrios. 


(Biochemically similar. Common H antigen.) 



0-sub-group I. 


Non-hemolytic 
(goat cells). 
Cholera vibrios. 

Types—original, 
variant and 
middle. 


Hemolytic (goat 
cells). 

El Tor vibrios . 

Types—original 
and variant 
(?middle). 


O sub-groups II, III, IV, V, VI and 
individual races (mostly hemolytic). 
Paracholera, cholera-like, and some 

El Tor vibrios. 

(Types within sub-groups underlined.) 


Linton (Bact. Rev., 4) 1940, 275) has 
outlined a classification of the vibrios 
based upon their protein and poly¬ 
saccharide structures. Using chemical 
methods, it was found that one poly¬ 
saccharide and one protein was com¬ 
monly obtained from each strain of 
vibrio; when exceptions occurred, it was 
invariably noted that the strain was 
undergoing dissociation. Given a single 
protein and polysaccharide in each 
vibrio, it was possible to divide the 
strains into six groups, which were 
numbered in the order of their discovery 
as shown in the table. 


A chemical grouping of the cholengemc 

and water vibrios. 


Group 

Protein Type 

Polyi^archaiide 

Type 

I 

I 

I 

II ' 

I 

II 

III 

II 

II 

IV 

II 

I 

V 

II 

III 

VI 

1 

III 


The strains of Groups I and 11 possess 
the same protein and different poly¬ 
saccharides. These arc derived from 
cases of cholera and have the serological 


and biochemical characteristics of 0- 
Group I, Vibrio cholera. Group I strains 
are more common than those of Group 
II, which have, however, been isolated, 
from epidemics with a high mortality. 
The phospholipid fraction is common to 
both types when isolated in the early 
part of an epidemic, but is not found in 
strains of other groups. The harmless 
water vibrios, which are so heteroge¬ 
neous serologically (Taylor and Almja, 
Indian Jour. Med. Res., 26, 1938, 8-32) 
form a single chemical group with a 
homogeneous structure. They fall into 
Group III, which differs in its protein 
structure from the authentic cholera 
vibrios, and resembles Group II in its 
polysaccharide. The vibrios of Group 
IV, which came from El Tor and from 
chronic vibrio carriers are believed on 
epidemiological grounds to be harmless, 
although serological methods have failed 
to distinguish them from cholerigenic 
vibrios. Group V, which, like III and 
IV, contains protein II, consists, like 
Group IV, of strains from chronic vibrio 
carriers. Group VI strains arc only 
rarely isolated in nature and representa¬ 
tives of this group are generally found 
among collections of old laboratory 
strains. They appear to be the result of 
polysaccharide variation from Group I 
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after long-continued growth on artificial 
media. 

2. Vibrio berolinensis Neisser. (Arch, 
f. Hyg., 19, 1893, 200; Microspira bero- 
linejisis Migula, in Englcr and Prantl. 
Die natiirl. Pfianzenfam., 1. la, 1895, 33.) 
From M. L., the genitive of Berolina, the 
Latin name for Berlin. 

Curved rods, somewhat smaller than 
Vibrio comma. Frequently occurring 
in pairs. Motile, possessing a polar 
flagellum. Pleomorphic. Gram-nega¬ 
tive. 

Gelatin colonies: Small, grayish, 
slightly granular, fragmented. 

Gelatin stab: Slow, napiform lique¬ 
faction. 

Agar slant: Grayish-yellow, moist, 
glistening. 

Broth: Turbid, with gray pellicle. 

Litmus milk: No coagulation, no acid. 

Potato: Brownish streak. 

Indole is formed. 

Nitrites produced from nitrates. 

Not pathogenic for mice, pigeons or 
guinea pigs. 

Aerobic, facultative. 

Optimum temperature 37®C. Mini¬ 
mum above 10®C. Maximum less than 

eo^c. 

Source: Isolated from filtered Spree 
river water. 

3. Vibrio metschnikovil GamaUia. 
(Gamal6ia, Ann. Inst. Pasteur, S, 1888, 
482; Pacinia metschnikoffi, Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
23; Spirillum metschnikoin Sternberg, 
Man. of Bact., 1893, 511; Vibrio nord- 
hafen Pfuhl, Ztschr. f. Hyg., 82, 1894, 
234; Microspira meischnikoffii Migula, 
in Englcr and Prantl, Die naturl. Pflan- 
zenfam., 1, la, 1895, 33.) Named for 
Mctschnikoff, Russian bacteriologist. 

Probable synonyms: Vibrio schuyl- 
kiliensis Abbott, Jour. Exp. Med., I, 
1896, 424 (A/fcrospira schuylkiliensis 
Chester, Manual Determ. Bact., 1901, 
334); Vibrio danubicus Heider, Cent. f. 


Bakt., 14 , 1893, 341 (Microspira danubica 
Migula in Engler and Prantl, Die naturl. 
Pfianzenfam.. 1, la, 1895, 33; Spirillinn 
danubicum Holland. Jour. Bact., 6, 1920, 
225). 

Curved rods, somewhat shorter and 
thicker than Vibrio comma. Motile. 
Gram-negative. 

Gelatin colonies: Like those of Vibrio 
comrna. 

Gelatin stab: Rapid, napiform lique¬ 
faction. 

Agar slant: Yellowish, plumose, moist, 
glistening. 

Broth: Turbid, with thin, white pel¬ 
licle. 

Litmus milk: Acid, coagulated (eighth 
day); not peptonized. 

Potato: Delicate, brownish growth. 

Indole is formed. 

Nitrites produced from nitrates. 

Pathogenic for pigeons, fowls, and 
guinea pigs. 

Aerobic, facultative. 

Optimum temperature 37®C. Ma.xi- 
mum less than 45®C. 

Source: Isolated from fowl dead of a 
choleraic disease. 

Habitat: The intestinal contents of 
chickens, pigeons and other animals suf¬ 
fering from a cholera-like disease. 

4. Vibrio tyrogenus (Fliigge) Hol¬ 
land. (K^espirillen, Dcneke, Deutsch. 
med. Wochnschr., It, 1885, 33; Spirillum 
tyrogenum Fliigge, Die Mikroorganismen, 

2 Aufl., 1886, 386; Pacinia denekei Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 23; J/icrospiro tyrogena Migula, 
in Engler and Prantl, Die naturl. Pflan- 
zenfam., 1, la, 1895, 33; Holland, Jour. 
Bact., 5, 1920, 225; Vibrio denekei 
Hauduroy et al.. Diet, d. Bact. Path., 
1937 , 541.) From Greek tyros, cheese; 
genes, produced from. 

Curved rods, rather smaller and more 
slender than Vibrio comma, often very 
long, closely wound spirals. Motile, 
possessing a polar flagellum. Gram- 
negative. 
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Gelatin colonies: Small, gray, granular, 
entire. 

Gelatin stab: Rapid, saccate liquefac¬ 
tion. 

Agar slant: Yellowish-white, plumose, 
glistening. 

Broth ;Turbid. 

Litmus milk: Not coagulated. 

Potato: No growth. 

Indole not formed. 

Slight production of nitrites from 
nitrates. 

Aerobic, facultative. 

Optimum temperature 30“C. 

Source: Isolated from cheese. 

5. Vibrio xenopus Schrire and Green¬ 
field. (Trans. Royal Soc. So. Africa, 
17, 1930, 309.) From Xenopus, a genus 
of African toads. 

Spiral forms, occurring singly and in 
pairs. Non-motile. Gram-negative. 

Gelatin stab: Slow, crateriform lique¬ 
faction. 

Agar colonies: Small, white, glistening, 
slimy, entire. 

Agar slant: Grayish-white, slimy, 
entire. 

Broth: Turbid with flocculent sedi¬ 
ment. 

Litmus milk: Unchanged. 

Potato: Not reported. 

Indole is not formed. 

Nitrites are produced slowly from 
nitrates. 

Blood serum is peptonized. 

Starch is not hydrolyzed. 

Acid from glucose, fructose, maltose, 
glycerol and sorbitol. 

Aerobic, facultative. 

Optimum temperature 37 ®C. 

Source: Found in abscess of pectoral 
muscle of African toad. 

6. Vibrio plsclum David. (Cent, f, 
Bakt., I Abt., Orig., 102, 1927,46.) From 
Latin pUcis, fish. 

Curved rods: 0.3 to 0.5 by 2.0 microns. 
Motile with a single polar flagellum. 
Gram-negative. 


Gelatin colonies: Circular, granular, 
opaque. 

Gelatin stab: Napiform liquefaction. 
Agar colonies: Yellowish, circular, 
smooth, entire, iridescent. 

Agar slant: LiglR yellow, transparent 
streak. 

Broth: Slight turbidity, with thin 
pellicle. 

Litmus milk: Soft coagulum. Pep¬ 
tonized, alkaline. 

Potato: Brownish-red streak. 

Indole is formed. 

Nitrites not produced from nitrates. 
Hydrogen sulfide formed. 

No action in sugar media. 

Pathogenic for frogs. 

Aerobic, facultative. 

Optimum temperature 18® to 20®C. 
Habitat: Causes epidemic infection in 
fish. 

7. Vibrio proteus Buchner. (Kom- 
mabacillus dcr cholera nostras, Finkler 
and Prior, Deutsche mod. Wochenschr., 
1884 , 632; Buchner, Sitzung.sber. d. 
Gescl. f. Morph, u. Physiol., Munchen, 
Heft 1, 1885, 10; Pacinia JinkUri Trev- 
isan, Atti d. Accad. Fisio-Medico- 
Statistica in Milano, Ser. 4, S, 1885, 84; 
MicTospira finkleri Schroeter, in Cohn, 
Krytogamen-Flora von Schlesien, S, 1, 
1886,168; Spirillum finkleri Crookshank, 
Man. of Bact., 3rd ed., 1890, 282; Micro- 
spira protca Chester, Manual of Deter¬ 
minative Bacteriology, 1901, 338; Vibrio 
finkleri Holland, Jour. Bact., 5, 1920, 
225.) From Greek, Proteus, a marine 
deity who had the power of assuming any 
shape he chose. 

Curved rods: 0.4 to 0.6 by 2.4 microns, 
often pointed at both ends. Motile, 
possessing a polar flagellum. Gram- 
negative. 

Gelatin colonies: Small, gray, circular, 
granular, entire. 

Gelatin stab: Rapid, saccate lique¬ 
faction. 

Agar slant: Dirty grayish, plumose. 
Broth: Turbid, with fetid odor. 
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Litmus milk: Slightly acid; coagulated; 
peptonized. 

Potato: Grayish, slimy layer. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Isolated from feces of pa¬ 
tients suffering from cholera nostras. 

Habitat: Intestinal contents in cholera 
nostras and cholera infantum. 

8. Vibrio wolfii (Migula) Bergey et al. 
{Bacillus cholcroides Wolf, Miinch. med. 
Wochenschr., 40 , 1893, 693; Microspira 
wolfii Migula, Syst, d. Bakt., 2, 1900, 
1001; not Microspira cholcroides Migula, 
loc. cit., 992; Bergey et al., Manual, 1st 
ed., 1923 , 80.) Named for Wolf, who 
first isolated this organism. 

Curved rods and S-shaped forms. 
Motile. Gram-negative. 

Gelatin colonies: Small, grayish-white, 
spreading. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar slant: Gray, moist layer. 

Broth: Turbid, with gray pellicle. 

Litmus milk: Acid; coagulated. 

Potato: Yellowish-white layer. 

Blood serum: Kapid liquefaction. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Isolated from cervical secre¬ 
tions in chronic endometritis. 


Gelatin colonies: Small, circular, 
slightly granular, yellowish, becoming 
brownish. 

Gelatin: Crateriform liquefaction. 

Agar slant: Grayish-white, moist. 

Broth: Turbid, no pellicle formed. 

Litmus milk: Acid; coagulated. 

Potato: Thin, gray layer, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Isolated from sputum. 

10. Vibrio liquefaciens (Migula) Ber¬ 
gey et al. (Bonhoff, Arch. f. Il 3 'g., 1^, 
1893, 248; 3/icrospira liquefaciens Mi¬ 
gula, Syst. d. Bakt., 2, 1900, 990; Bergey 
et al.. Manual, 1st ed., 1923, 81.) From 
Latin, liquefacio, to make liquid. 

Comma and S-shaped rods. Motile. 
Gram-negative. 

Gelatin colonies: Circular, with ir¬ 
regular margin, surrounded by a rose- 
colored zone. 

Gelatin stab: Slow, napiform lique¬ 
faction. 

Agar slant: Smooth, grayish, plumose. 

Broth: Turbid, with heavy grayish 
pellicle. 

Litmus milk: Acid; coagulated. 

Potato: Moist, brownish layer. 

Indole is not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Habitat: Water. 


9. Vibrio sputigenus (Migula) Bergey 
et al. (Vibrio aus Sputum, Brix, Hyg. 
Rundschau, 4. 1894, 913; Microspira 
spwfiffcna Migula, Syst. d. Bakt., 2, 1900, 
981; Bergey et al., Manual, 1st ed., 1923, 
80.) From Latin, spuo (spuius), spu¬ 
tum; -genes, produced from. 

Slightly curved rods, about the same 
size and form as V‘t6rio comma, occurring 
singly, occasionally three or four in a 
chain. Motile. Possessinga polar flagel¬ 
lum. Gram-negative. 


11. Vibrio strlctus Kutscher. (Ztschr. 
. Hyg., 19, 1895, 469.) From Latin 
■tringo (strictus), constricted. 

Markedly curved rods, of about twice 
:he size of Vibrio comma. Motile, 
jram-negative. 

Gelatin colonies: Small, circular, yel- 
owish, with serrate margin. 

Gelatin stab: Slow, napiform to sac- 
:ate liquefaction. 

Agar slant: Growth plumose, moist. 

Broth: Turbid, with gray pellicle. 
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Litmus milk: Not coagulated. 

Potato: Thin, barely visible layer. 

Blood serum is slowly liquefied. 

Indole is not formed. 

Nitrites not produced from nitrates. 
Pathogenic for guinea pigs. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Habitat: Water. 

12. Vibrio aquatilis Gunther. (Deut¬ 
sche med. Wochenschr., 1892, 1124; 
Microspira aquatilis Migula, System der 
Bakterien, 1900, 993.) From Latin, 
aquaticus, living in water. 

Curved rods, like Vibrio comma. 
Motile, possessing a polar flagellum. 
Gram-negative. 

Gelatin colonies: Circular, brownish, 
finely granular, entire. 

Gelatin stab: Crateriform liquefaction. 
Agar slant: Moist, grayish, glistening. 
Broth: Slightly turbid. 

Litmus milk: Not coagulated. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat; Water. 

13. Vibrio neocistes Gray and Thorn¬ 
ton. (Gray and Thornton,' Cent. f. 
Bakt., II Abt., 73, 1928, 92.) From 
Greek neos, new and kistc box or ark. 
Here used as the equivalent of Newark, 
the name of a city in England. 

Curved rods; 0.5 to 1.0 by 1.0 to 4.0 
microns. Motile with one to three 
polar flagella. Gram stain not recorded. 
Gelatin colonies; Liquefied. 

Gelatin stab; Liquefied. Medium red¬ 
dened. 

Agar colonies; Circular or amoeboid, 
buff to brownish, convex, smooth, glis¬ 
tening, entire. 

Agar slant;Filiform, fluorescent, raised, 
smooth, glistening, undulate. 

Broth ; Turbid. 

Nitrites not produced from nitrates. 
Starch not hydrolyzed. 


Acid from glucose. 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature. 

Habitat; Soil. 

14. Vibrio cuneatus Gray and Thorn¬ 
ton. (Gray and Thornton, Cent. f. Bakt., 
II Abt., 73, 1928, 92.) From Latin, 
cuneo (cuneatus) wedge. 

Curved rods: 1.0 by 1.0 to 3.0 microns, 
the cells tapering at one extremity. 
Motile with one to five polar flagella. 
Gram-negative. 

Gelatin colonies: Liquefied. 

Gelatin stab: Liquefied. 

Agar colonies: Circular to amoeboid, 
white to buff, flat to convex, smooth, 
translucent, border entire. 

Agar slant: Filiform, whitish, smooth, 
glistening. 

Indole not recorded. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

No acid from carbohydrate media. 

Attacks naphthalene. 

Aerobic, facultative. 

Optimum temperature 30® to 35®C. 

Source: One strain isolated from 
soil from Rothamsted, England. 

Habitat; Soil. 

15. Vibrio granil (Lundestad) Stanier. 
(Bacterium granii Lundestad, Cent. f. 
Bakt., 11 Abt., 73, 1928, 330; Achromo- 
bacter granii Bergey et al., Manual, 3rd 
ed., 1930, 222; Stanier, Jour. Bact., ^2, 
1941,538.) Named for Prof. H. H. Gran, 
who first detected agar-liquefying bac¬ 
teria. 

Rods: 0.6 to 0.8 by 1.4 to 2.4 microns, 
with rounded ends, occurring singly, in 
pairs, and at times in short chains. 
Motile. Polar flagellate (Stanier, loc. 
oil.). Gram-negative. 

Fish-gelatin colonies: Piinctiform, 

black, glistening. 

Fish-gelatin stab: Slow, crateriform 
liquefaction. 

Sea-weed agar colonies: Circular, flat 
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opaque, glistening, white, slimy, entire. 
Agar is dissolved. 

Fish-agar slant: Flat, white, elevated, 
glistening, undulate. Liquefied. 

Broth: Turbid with grayish-white, 
slimy sediment. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch usually hydrolyzed. 

No action on sugars. 

Aerobic, facultative. 

Optimum temperature 20® to 25°C. 

Source : Sea water of Norwegian Coast. 

Habitat: Presumably sea water and 
on sea weeds. 

16. Vibrio leonardii Metalnikov and 
Chorine. (Ann. d. PInst. Pasteur, 
1928, 1647.) Named for Leonard. 

Curved rods with rounded ends, 0.5 
to 1.0 by 2.0 to 3.0 microns. Motile 
with 1 to 3 polar flagella. Gram-negative. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, transparent, cir¬ 
cular, having a characteristic odor. 

Broth: Turbid, with thin pellicle. 

Litmus milk: No coagulation, acid, 
with reduction of litmus. 

Potato: Slight, colorless growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Blood scrum not liquefied. 

Hydrogen sulfide formed. 

Acid and gas from glucose, fructose, 
galactose, lactose, sucrose and mannitol. 
No acid or gas from maltose or glycerol. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Highly pathogenic for insects 
as Galleria mellonella L. (bee moth), 
and Pyrattsla nubialis Hubn. (European 
corn borer). 

17. Vibrio agarllquefaciens (Gray and 
Chalmers) Bergey et al. {Microspira 
agar-liquefaciens Gray and Chalmers, 
Ann. Appl. Biol., 11, 1924, 325; Manual, 
4th ed., 1934, 119.) From Latin, Uque- 
facio, liquefying; Malay, agar, a jelly 
from seaweeds. 

Short curved rods, usually c-shaped, 


with occasional s-shaped and coccoid 
forms. Cells 2.0 microns long by 0.5 
to 0.7 micron broad; 3.0 to 5.0 microns 
long in division stages. Coccoid forms 
stained, 0.5 to 0.7 micron long. Motile 
with a single polar flagellum. Gram stain 
not reported. 

Gelatin stab: Very slight surface 
growth after one month; the streak then 
shows a beaded line. No liquefaction. 

Agar colonies: Surface colonies appear 
as a wliitish growth in a depression, sur¬ 
rounded by a white ring. The colony is 
later surrounded by a ring of liquid agar. 
Deep colonies show a clear area and may 
be irregular, oval or angular. 

Agar slant: A deep groove is cut along 
the inoculation streak, whitish growth 
along sides. The gel is later much weak¬ 
ened. 

Broth: Slightly turbid. No pellicle. 

Acid from glucose, lactose and mal¬ 
tose. No acid from sucrose or glycerine. 

Utilizes ammonia salts as a source of 
nitrogen. 

Decomposes cellulose and agar. The 
presence of one per cent glucose pre¬ 
vents the liquefaction of agar. 

Nitrites produced from nitrates. 

Starch is hydrolyzed. 

Aerobic. 

Temperature relations: Optimum 25® 
C., will grow at 16® but not at 34®C. 

Habitat: Soil. 

18. Vibrio cyclosites Gray and Thorn¬ 
ton. (Gray and Thornton, Cent, fur 
Bakt., II Abt., 73, 1928, 92.) From 
Greek kyklos, circle or ring; sited, to eat; 
M. L. cyclosites, feeding on rings, i.e. ring 
compounds. 

Curved rods: 0.5 to 1.0 by 1.5 to 4.0 
microns. Motile ^^dth a single polar 
flagellum. Gram-negative. 

Gelatin colonies: Circular, buff to 
brown, flat, smooth, glistening, entire. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular to irregular, 
pale buff (later greenish), smooth, entire. 

Agar stab: Filiform, greenish buff, 
raised, smooth, undulate. 
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Broth: Turbid, 
ludole not reported. 

Nitrites not produced from nitrates. 
Starch not hydrolyzed. 

Acid from glucose. 

Attacks phenol and m-cresol. 

Aerobic, facultative. 

Optimum temperature 30® to 35®C. 
Habitat: Soil. 

19. Vibrio percolans Mudd and War¬ 
ren. (Jour, of Bact., 8, 1923 , 447.) 
From Latin, percolo {percolatus), filter¬ 
ing. 

Curved rods: 0.3 to 0.4 by 1.5 to 1.8 
microns, occurring singly or in short 
chains. Pleomorphic. Actively motile 
by means of 1 to 3 polar flagella. Gram¬ 
negative. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, slightly con¬ 
vex, amorphous, entire. 

Agar slant: Bluish-white, glistening, 
streak. 

Broth: Turbid. Pellicle, sediment. 
Litmus milk: Unchanged. 

Potato: White, slimy streak. 

Indole not formed. 

Nitrites not produced from nitrates. 
Blood serum not liquefied. 

Starch not hydrolyzed. 

No action on carbohydrates. 

Passes through bacterial filters. 
Aerobic, facultative. 

Optimum temperature 30®C. 
Non-pathogenic. 

Source; Isolated from hay infusion. 
Habitat: Water. 

20. Vibrio andol Aoi and Orikura. 
(Cent. f. Bakt., II Abt., 74, 1928, 331.) 
Named for Andoi, a Japanese scientist. 

Curved rods, with more or less tapering 
ends, c- or s-shaped, 0.5 to 0.8 by 1.5 to 
2.5 microns. Motile, with a single polar 
flagellum. Gram-negative. 

Gelatin: No growth. 

Agar media: No growth. 

Broth: No growth. 

Litmus milk: No growth. 

Potato: No growth. 


Ammonium sulfate agar colonies: 
Punctiform, circular, concave, surrounded 
with clear zone. 

.\ramonium sulfate agar slant: Grayish, 
becoming straw-yellow, sinking into the 
medium as the agar liquefies. 

Cellulose media: No growth. 

Starch hydrolyzed. 

Glucose, fructose, galactose, mannose, 
xylose and “honyak" arc fermented. 
Xylan is decomposed. 

Cellobiose is decomposed. 

Aerobic, facultative. 

Optimum temperature 25®C. Mini¬ 
mum 8®C. Maximum 37°C. 

Source: Rotted stable manure. 
Habitat: Presumably decomposing or¬ 
ganic matter. 

21. Vibrio fetus Smith and Taylor. 
{Spirillum causing abortion in sheep, 
MacFadyean and Stockman, Kept. Dept. 
Ojmm. Ministry Agric. on Epizootic 
Abortion, London, 1909, 156; ibid., 1913, 
111; Spirillum associated with infectious 
abortion, Smith, Jour. Exp. Med., 28, 

1918, 701; Smith and Taylor, ibid., SO, 

1919, 299; Spirillum fetus Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
552; Vibrio foetus ovis Buxton, First 
Rept. of Director, Univ. Cambridge 
Instit. Animal Pathol., 1929-1930, 47.) 
From L. foetus, fetus. 

Curved rods: The smallest forms ap¬ 
pear as minute curved s-shaped lines, 
other forms very long; 0.2 to 0.5 by 1.5 
to 5.0 microns. Motile by means of one, 
rarely two, polar flagella. Occasionally 
forms capsules. Granules present in 
older cultures. Gram-negative. 

Gelatin: No growth. 

Agar slant: No surface growtii by 
freshly isolated strains. Laboratory 
strains produce a scanty, grayish-white, 
glistening surface growth. 

Subsurface agar colonies: Small, yel¬ 
low, opaque. 

Broth; A viscid ring pellicle may ap¬ 
pear, faint clouding of the medium occurs; 
a filmy, stringy deposit may settle out. 
Litmus milk: No growth 
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Potato: No growth. 

Indole not formed. 

Nitrite production not reported. 

Blood serum slant: Feeble growth. 
No liquefaction. 

No gas from carbohydrates. No change 
or slightly acid from glucose, lactose 
and sucrose. 

Optimum temperature 37®C. With¬ 
stands 55®C for 5 minutes. 

Aerobic or microacrophilic. 

Pathogenesis : Causes abortion in cattle. 

Source: Twenty-two strains isolated 
from the placentas or fetuses of cows 
having abortion. 

Habitat; Causes abortion in cattle. 

22. Vibrio pierantonii (Zirpolo) Meiss¬ 
ner. (Bacillus pierantonii Zirpolo, Boll. 
Soc. nat. Napoli, 30, 1918, 206; Meissner, 
Cent. f. Bakt., II Abt., 67, 1926, 200.) 
Named for Pierantoni, an Italian bac¬ 
teriologist. 

Rods: 0.5 by 1.5 microns, with rounded 
ends. Motile with one to three polar 
flagella. Gram-negative. 

Gelatin colonies; Circular, and irregu¬ 
larly lobulate. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, light green, 
smooth, entire. 

Glycerin agar slant: Slightly luminous 
streak. 

Broth : Turbid, with pellicle. 

Indole not formed. 

Acid from glucose and maltose. 
Some strains also attack lactose, sucrose 
and mannitol. 

Best growth in alkaline media. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Isolated from the photogenic 
organ of the cephalopod Sepiola inter- 
media Naef. 

Appendix:* The following species have 
also been listed in the literature. Many 
are inadequately described. 


Microspira honhojjii Migula. (Bonhoff, 
Arch. f. Hyg., 19, 1893, 252; Migula, 
Syst. d. Bakt., 2, 1900, 1008.) From 
water. 

Microspira canalis Migula. (Spiril¬ 
lum saprophiles y and Vibrio saprophiles 
y Weibel, Cent. f. Bakt., 2, 1887, 169; 
Migula, Syst. d. Bakt., 2, 1900, 1004; 
Microspira cloaca Chester, Man. Deterra. 
Bact., 1901, 341.) Possibly identical 
with Microspira saprophiles Migula, 
Microspira wcibclii Migula, Vibrio surati 
Ford, Vibrio sniithii Ford. From sewage. 

Microspira coprophila Migula. (Group 
3, No. 6, Kutsclier, Ztschr. f. Hyg., 19, 
1895, 475; Migula, Syst. dor Bakt., 2, 
1900,986.) From fecal matter. 

Microspira maasci (v. HofT) Migula. 
(Spirillum maasei v. Hoff, Cent. f. Bakt., 
I Abt., 21, 1897, 797; Migula, Syst. d. 
Bakt., 2, 1900, 978.) Possibly a variety 
of Vibrio comma Winslow et al. From 
Rotterdam tap water. 

Microspira milleri Migula. (Miller, 
Deutsche mod. Wehnschr., //, 1885, 138; 
Migula, Syst. d. Bakt., 2, 1900, 981; 
Spirillum milleri Holland, Jour. Bact., 6, 
1920, 225; Vibrio milleri Holland, ibid.) 
Probably identical with Vibrio proteus 
according to Migula. From dental caries. 

•l/fcrospira mnrmanensis Issatchenko. 
(Recherches sur les microbes de Poc^an 
glacial arctique (in Russian), Petrograd, 
1914, 240.) From sea water. 

Microspira saprophiles Migula. (Heu- 
vibrio /9, Weibel, Cent. f. Bakt., 2, 1887, 
469; Vibrio saprophiles (3 Weibel, Cent. f. 
Bakt., 4, 1888, 225; Migula, Syst. d. 
Bakt., 2, 1900, 1006; Microspira weiheli 
Chester, Man. Determ. Bact., 1901, 230.) 
Probably identical with Microspira cloaca 
Chester and Vibrio surati Ford. From 
sewage. 

Microspira tyrosinatica Beijerinck. 
(Kon. Akad. Wetenschappen, Amster¬ 
dam, IS, 1911, 1068.) From sewage. 
Microspira weibelii Migula. (Vibrio 


• Prepared by Mr. Wm. C. Haynes, New York State Experiment Station, Geneva, 
New York, Jan., 1939; Revised by Capt. Wm. C. Haynes, Sn. C., Fort Bliss, Texas, 
July, 1943. 
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saprophiles a Weibel, Cent. f. Bakt., 5, 
1887 , 465; ibid., 4, 1888, 225; Migula, 
Syst. d. Bakt., 2, 1900, 1005; Microspira 
saprophile Chester, Manual Doterm. 
Bact., 1901,341; Vibrio saprophiles Ford, 
Textb. of Bakt., 1927, 356.) Possibly 
identical with Microspira cloaca Chester, 
Vibrio surati Ford, Vibrio smithU Ford. 
From sewage. 

Spirillum lipoferum Beijerinck. 
(Cent. f. Bakt., II Abt., 63, 1925, 353; 
Chromatium lipoferum Bergey et al.. 
Manual, 3rd ed., 1930, 531.) From 
garden earth and sewage. Giesberger 
(Beitrage zur Kenntnis der Gattung 
Spirillum Ehbg., Inaug. Diss.. Delft, 
1936, 64) regards this organism as a 
Vibrio. Has a single polar flagellum. 

Spirillum nasicola Trevisan. (Nasen- 
schleimvibrio, Weibel, Cent. f. Bakt., 
2, 1887, 465; Trevisan, I gencri e le 
specie delle Batteriacee, 1889, 24; Vibrio 
nasalis Eisenberg, Bakt. Diag., 3 Aufl., 
1891, 213; Spirillum nasale Sternberg, 
Man. of Bact., 1893, 697; Spirosoma 
nasale Migula, in Engler and Prantl, 
Die natiirl. Pflanzenfam., 1, 1 a, 1895, 
31.) From human nasal mucus. 

Spirillum parvum Esmarch. (Cent. f. 
Bakt., I Abt., Orig., 32, 1902, 565; also 
see Zettnow, ibid., 78, 1916, 1; Vibrio 
parvus Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907, 494.) From de¬ 
caying organic matter. 

Vibrio albensis Lehmann and Neu¬ 
mann. (Elbe vibrio, Dunbar, Dcutsch. 
med. Wochnschr., 19, 1893, 799; Leh¬ 
mann and Neumann, Bakt. Diag., 1 Aufl., 
2, 1896, 340; Microspira dunbari Migula, 
Syst. d. Bakt., 2, 1900,1013; Pholospiril- 
lum dunbari Miquel and Cambier, Trait 6 
de Bact., Paris, 1902,881; Photobaclerium 
dunbari Ford, Textb. of Bakt., 1927,621.) 
From water of the river Elbe. Phos¬ 
phorescent. 

Vibrio amylocella Gray. (Canad. Jour. 
Bes., 17, 1939, 154.) Decomposes cel¬ 
lulose. Produces glucose from starch. 
From soil. 

Vibrio anguillarum Bergman. (Ber. a. 
d. k. Bayp. Biolog. Versuchstat., Mtin- 


chen, 2, 1909.) From an infectious dis¬ 
ease of eels. 

Vibrio aureus Weibel. (Weibel, Cent, 
f. Bakt.. 4, ISSS, 225. 257, 281; Spirillum 
aureum Trevisan, I generi e le specie 
delle Batteriacee, 1889, 24; Spirillum 
aureum Sternberg, Man. of Bact., 1893, 
700; Spirosoma aureum Migula, Syst. d. 
Bakt., 2, 1900, 958.) Possibly identical 
with Vibrio JIarus Weibel and Vibrio 
flavescens Weibel. From sewage. 

Vibrio beijerinckii Stanier. (Jour. 
Bact., 42, 1941, 527-554.) Marine agar- 
digesting vibrio. 

1 ^ 16^0 buccalis Prdvot. (Vibrion B, 
Repaci, Compt. rend. Soc. Biol., Paris, 
1909, 630; Prevot, Man. de Classif. des 
Bact. Ana 6 r., Paris, 1940,82.) Anaerobe. 
From the buccal cavity. 

Vibrio bulbosa Kalnins. (Latvijas 
Oniversitates Raksti, Scrija I, No. 11, 
1930,237.) Decomposes cellulose. From 
soil. 

Vibrio cardii Klein. (Cent. f. Bakt., 
I Abt., Orig., 38, 1905, 173.) Possibly 
identical with Vibrio cunealus Gray and 
Thornton and Vibrio marinus Ford. 
From the mussel (Cardium edule). 

Vibrio caslra Kalnin§. (I^atvijas Uni- 
versitates Raksti, Serija I, No. 11, 1930, 
241.) Decompose.s cellulose. From soil. 

Vibrio ckoleroides a and /3 Bujwid. 
(Cent. f. Bakt., IS, 1893, 120; Microspira 
ckoleroides Migula, Syst. d. Bakt., 2, 
1900, 992.) Probably a less vigorous 
strain of Vibrio comma Winslow et al. 
according to Chester, Man. Determ. 
Bact., 1901,337. From water. 

Vibrio chrysanlhemoides Lehmann and 
Neumann. (Spirillum-like organism, 
Jones, Cent. f. Bakt., II Abt., 14, 1904, 
459; Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907, 493.) From five 
samples of tap water and sewage. 

Vibrio crassus (Veillon anti Repaci) 
Pr 6 vot. (Spirillum crassum Veillon and 
Repaci, Ann. Inst. Past., 26, 1912, 306; 
Prevot, Man. de Classif. des Bact. Ana 6 r., 
Paris, 1940, 85.) Anaerobe. From the 
buccal cavity. 

Vibrio crassus var. D, Pr 6 vot. (Spirille 
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D, Repaci, Ann. Inst. Past., 26, 1912, 
550; Prevot, Man. de Classif. dcs Bact. 
Anaer., Paris, 1940, 86.) Anaerobe. 

From the buccal cavity. 

Vibrio crasteri Hauduroy et al. 
(Craster, in Viollc, Lo Cholera, Masson 
edit., 1919; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 541.) Isolated from 
healthy persons. Resembles Vibrio 
comma. 

Vibrio cucumis Kalnins. (I.jitvijas 
Universitutes Raksti, Scrija I, No. 11, 
1930,243.) Decomposes cellulose. From 
soil. 

Vibrio devorans Beijcrinck. (Cent. f. 
Bakt., II Abt., II, 1903, 598.) From 
water. 

Vibrio drennani Chalmers and Water- 
field. (Drcnnan, Jour. Inf. Dis., 14, 
1914, 251; Chalmers and Waterfield, 
Jour. Trop. Med., 19, 1916, 165.) Colon¬ 
ies white, turning dark brown. From 
feces. 

Vibrio flavescens Weibel. (Cent. f. 
Bakt., 4, 1S8S, 225, 257, 281; Spirillum 
flavescens Trevisan, I generi c Ic specie 
delle Batteriacee, 1889, 24; Spirillum 
flavescens Sternberg, Man. of Bact., 1893, 
700; 5pjrosowayfacesccas Migula, Syst. d. 
Bakt., 2, 1900, 959.) Possibly identical 
with Vibrio aureus Weibel and Fi6rto 
flavus Weibel. From sewage. 

Vibrio flavus Weibel. (Cent. f. Bakt., 
4, 1888, 225, 257, 281; Spirillum flavum 
Trevisan, I generi e Ic specie delle Bat¬ 
teriacee, 1889, 24; Spirillum flavum 
Sternberg, Man. of Bact., 1893, 700; 
Spirosoma flavum Migula, Syst. d. Bakt., 
2, 1900, 959.) Possibly identical with 
Vibrio aureus Weibel and Vibrio flaves¬ 
cens Weibel. From sewage. 

Vibrio fuscus Stanier. (Jour. Bact., 
42 , 1941, 540.) Marine agar-digesting 
vibrio. 

Vibrio gauducheau Hauduroy et al. 
(Gauducheau, in Violle, Le Cholera, 
Masson 6dit., 1919; Hauduroy et al., 
Diet. d. Bact., 1937, 543.) From the 
blood of a fever patient. Resembles 
Vibrio comma. 

Vibrio ghinda Pfeiffer. (Pasquale, 


Gior. med. d. r. esercito, 1891; Pfeiffer, 
in Fliiggc, Die Mikroorganismen, 2, 1896, 
590; Microspira ghinda Migula, Syst. d. 
Bakt., 2, 1900, 996.) From water. 

Vibrio grossus (Migula) Ford. (Vibrio 
No. 1, Kutscher, Ztschr. f. Hyg., 20, 
1895, 46; Microspira grossa Migula, Syst. 
d. Bakt., 2, 1900, 1012; Ford, Te.xtb. of 
Bact., 1927, 343.) From liquid manure. 

Fibrio halobicus desulfuricans Horo- 
witz-Wlassowa and Sonntag. (Arb. a. 
d. Staatl. wissensch. Nahrungsmittel- 
Institut 1931 (Russian); see Ztschr. f. 
Unters. d. Lebensm., 62, 1931, 597.) A 
halophilic vibrio found in salted sar¬ 
dines, anchovies and other marine fish. 

Vibrio hclcogenes Fischer. (Cent. f. 
Bakt., 14 , 1894, 73; Microspira helcogenes 
Migula, Syst. d. Bakt., 2, 1900, 978.) 
From descriptions, indistinguishable 
from Vibrio profe?/5 according to Chester, 
Man. Determ. Bact., 1901, 339. From 
feces. 

Vibrio hyos Ford. (Vibrio No. 3, 
Kutscher, Ztschr. f. Hyg., 20, 1895, 46; 
Spirillum mobile Migula, Syst. d. Bakt., 
2, 1900, 1020; Ford, Textb. of Bact., 1927, 
342.) Isolated from liquid manure. 

Vibrio iners Besson, Ranqueand Senez. 
(Compt. rend. Soc. Biol. Paris, 79, 1918, 
1097.) From the feces of persons having 
dysentery. 

Vibrio intermedins (Migula) Ford. 
(Group V, No. 9 of cholera-like vibrios, 
Kutscher, Ztschr. f. Hyg., 20, 1895, 481; 
Microspira intermedia Migula, Syst. d. 
Bakt., 2, 1900, 967; Ford, Textb. of Bact., 
1927,342.) Possibly identical with Vib¬ 
rio berolinensis Neisser. From water. 

V’t6rio ivanoff Pfeiffer. (Ivanoff, 
Ztschr. f. Hyg., 16, 1893, 134; Pfeiffer, 
in Fliigge, Die Mikroorganismen, 2, 1896, 
592.) Probably a variety of Vibrio 
comma Winslow et al. according to 
Chester, Man. Determ. Bact., 1901, 337. 
From feces of a cholera patient. 

y»6rto jejuni Jones, Orcutt and Little. 
(Jour. Exp. Med., 63, 1931, 853.) From 
small intestine of calves suffering from 
diarrhea. 

Vibrio kegallensis Hauduroy et al. 
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(Diet. d. Bact. Path., 1937 , 544.) From 
water. 

Vibrio klimenko Hauduroy et al. 
(Klimenko, in Viollc, Lc Cholera, Masson 
Mit., 1919; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 544.) Resembles 
Vibrio comma. From the intestine. 

Vibrio leideiisis Horst. (Inaug. Diss.. 
Leiden, 1921; abst. in Cent. f. Bakt., 1 
Abt., Ref., 7S, 1922, 282.) From a liver 
abscess. 

*Vibrio lingualis Eisenberg. (Zungen- 
belag-Vibrio, Weibol, Cent. f. Bakt.. 4, 
1888,227; Eisenberg, Bakt. Diag., 3 Auft., 
1891, 212; Spirillum linguae Sternberg, 
Man. of Bact., 1893, 697; Spirosoma lin- 
guale Migula, in Englcr and Prantl, Die 
naturl. Pflanzenfam., 1, 1 a, 1895, 31.) 
From deposit on the tongue. 

Vibrio lissahonensis Pestana-Betten- 
court. (Cent. f. Bakt., 16, 1894, 401.) 
According to Chantemesse identical, or 
nearly so, with Vibrio proteus. From 
descriptions, indistinguishable from Vib¬ 
rio proleus according to Chester, Man. 
Determ. Bact., 1901, 339. From feces 
of a cholera patient. 

Vibrio malamoria Kalnins. (Latvijas 
Universitates Raksti, Serija I, No. 11, 
930,250.) Decomposes cellulose. From 
soil. 

Vibrio marinus (Russell) Ford. 
{Spirillum marinurn Russell, Ztschr. f. 
Hyg., 11, 1891, 165; Microspira marina 
Migula, Syst. d. Bakt.. 2, 1900, 1002; 
Ford, Textb. of Bact., 1927. 347.) From 
sea water. Closely resembles Vibrio 
cuneatus Gray and Thornton and Vibrio 
cardii Klein. 

Vibrio massauah Pfeiffer. (Pasquale, 
Gior. med. d. r. esercito, 1891; Pasquale, 
Baumgarten'8Jahre8berichte,7, 1891,336; 
Pfeiffer, in Fliigge, Die Mikroorganismen, 
2, 1896,589; Microspira rnassauak Migula, 
Syst. d. Bakt., 2, 1900, 963; Spirillum 
massauah Chester, Manual Determ. 
Bact., 1901, 343; Spirillum massowah 
Holland, Jour. Bact., 6, 1920, 225; Vibrio 
massowah Holland, ibid.) From feces 
of a cholera patient. 


Vibrio mulicris Prevot. (Man. do 
Classif. des Bact. .\naer., Paris, 19-10, 84.) 
Anaerobe. From the femalcgonital tract. 

Vibrio napi Kalnins. (Latvijas Uni¬ 
versitates Raksti, Serija 1, No. 11, 1930, 
252.) Decomposes cellulose. From soil. 

Vibrio n'diaJiko Hauduroy et al. 
(Thiroux, in Violle, Le (’holera, Mas.son 
edit., 1919; Hauduroy et al., Diet. d. 
Bact. Path., 1937 , 546.) Isolated from a 
patient having a cholera-like disease. 

I’ibrio pcricoma Kalnin^. (Latvijas 
Universitates Raksti, Serija I, No. 11, 
1930,256.) Decomposes cellulose. From 
soil. 

Vibrio polymorphus Prevot. (Spiro¬ 
chete B, Repaci, Ann. Inst. Past., 20, 
1912, 544; Vibrio pseudospirochacla B, 
Weinberg, Nativelle and Prevot, Les 
Microbes Anaerobics, 1936, 852; Prevot, 
Man. de Classif. des Bact. .\na6r., Paris, 
1940, 83.) Anaerobe. From tlie buccal 
cavity. 

Vibrio polymorphus var. pcritriclic 
Prevot. (Spirochete C, Repaci, Ann. 
Inst. Past., 26, 1912, 548; Vibrio pseudo- 
spirochaeta C, Weinberg, Nativelle and 
Pr6vot, Les Microbes Anaerobics, 1036, 
854; Prevot, Man. de Classif. des Bact. 
Ana6r., Paris, 1940, 84.) Anaerobe. 

From the buccal cavity. 

Vibrio portuensis (Migula) Ford. (Der 
portuenser Vibrio, Jorge, Cent. f. Bakt., 
I Abt., 19, 1896, 277; Microspira portuen¬ 
sis Migula, Syst. d. Bakt., 2, 1900, 1007; 
Ford, Textb. of Bact., 1927, 353.) From 
water. 

Vibrio prima KalninS. (Ditvijas Uni¬ 
versitates Raksti, Serija I, No. 11, 1930, 
235.) Decomposes cellulose. From soil. 

Vibrio pseudospirochacla Prbvot. 
(Spirochete A, Repaci, Ann. Inst. Past., 
26, 1912, 539; Vibrio pseudospirochacla A, 
Weinberg, Nativelle and Prevot, Les 
Microbes Anabrobics, 1936, 849; Prevot, 
Man. de Classif. des Bact. Anadr., Paris, 
1940, 83.) Anaerobe. From the buccal 
cavity. 

Vibrio pulridtts Prdvot. (Vibrion C, 
Repaci, Compt. rend. Soc. Biol. Paris, 


* See Nocardia lingualis Chalmers and Christopherson. 


206 


MANUAL OF DETERMINATIVE BACTERIOLOGT 


1909, 630; Pr6vot, ^lan. de Classif. des 
Bact. Ana6r., Paris. 1940,83.) Anaerobe. 
From the buccal cavity. 

Vibrio pyogenes (Dcerr) Lehmann and 
Neumann. (Eitcrspirillum, Mezinescu, 
Cent. f. Bakt., I Abt., Orig., 35, 1904, 
201; Spirillum pyogenes Doerr, Cent. f. 
Bakt., I Abt., Orig., 38, 1905, 15; Leh¬ 
mann and Neumann, Bakt. Diag.. 4 
Aufl., 2, 1907, 493.) From pus in a case 
of pyelitis calculosa. Non-motile. 

Vibrio ranicula Kalnin§. (Latvijas 
Universitates Raksti, Serija I, No. 11, 
1930,248.) Decomposes cellulose. From 
soil. 

V'ltrjo rigensis KalninS. (Latvijas 
Universitates Raksti, Serija I, No. 11, 
1930,254.) Decomposes cellulose. From 
soil. 

Vibrio rubicundus Gottron et al. 
(Gottron, Weaver and Sherago, Jour. 
Bact., 45, 1942, 61.) From a trickling 
filter. 

Vibrio septicus Kolle. (Kolle and 
Schumann in Kolle and Wassermann, 
Handb. d. path. Mikroorg., 2 Aufl., 4, 
1912,101.) Identical with Vibrio comma 
culturally and morphologically. From 
a cholera-like disease. 

Vibrio smiihii (Migula) Ford. (Smith, 
Cent. f. Bakt., 10, 1891, 177; A/icrospira 
smithii Migula, Syst. d. Bakt., £, 1900, 
1006; Ford, Textb. of Bact., 1927, 340.) 
Possibly identical with Microspira sapro- 
philes Migula, Microspira weibelii Mi¬ 
gula, Microspira cloaca Chester and 
Vibrio surati Ford. From abscesses of 
large intestine of swine. 

Vibrio spermatozoides Loffler. (Cent, 
f. Bakt., 7, 1890, 638.) From kohlrabi 
infusions. 

Vibrio sputigenus (Miller) Pr6vot. 
{Spirillum spvtigenum Miller, Die Mikro¬ 
org. d. Mundhohle, 2nd ed., 1892; Prfivot, 
Man. de Classif. des Bact. Ana^r., Paris, 
1940, 85; not Vibrio sputigenus Bergey 
et al., Manual, 1st ed., 1923, 80.) An¬ 
aerobe. From the buccal cavity. 

Vibrio sputigenus var. minufissimus 
Pr6vot. (Muhlens, Cent. f. Bakt., I 


Abt., 48, 1909, 523; Pr6vot, Man. de 
Classif. des Bact. Anaer., Paris, 1940, 85.) 
Anaerobe. From the buccal cavity. 

Vibrio spuiorum Prevot. (Man. dc 
Classif. des Bact. Ana6r., Paris, 1940, 85.) 
Anaerobe. Isolated from a case of 
bronchitis. 

Vibrio stationis KalninS. (Latvijas 
Universitates Raksti, Serija I, No. 11, 
1930,239.) Decomposes cellulose. From 
soil. 

Vibrio stomatitis Pr6vot. (Vibrion A, 
Rcpaci, Ck>mpt. rend. Soc. Biol. Paris, 
1909, 630; Pr6vot, Man. dc Classif. des 
Bact. Ana6r., Paris, 1940,82.) Anaerobe. 
From the buccal cavity. 

Vibrio subtilissimus (Migula) Ford. 
(Spirillum No. 1, Kutschcr, Ztschr. f. 
Hyg., 20, 1895, 46; Spirillum tenerrimum 
Lehmann and Neuman, Bakt. Ding., 2, 
1896,346 ;Spiri7fumsu6ri7issimum Migula, 
Syst. d. Bakt., f, 1900,1020; Ford, Textb. 
of Bact., 1927 , 341.) Regarded by 
Kutscher as being probably identical 
with the organism found by Smith (Cent, 
f. Bakt., 16, 1894, 324) in swine dung. 
Resembles Vibrio strictus. 

Vibrio suis Ford. (Vibrio No. 2, 
Kutscher, Ztschr. f. Hyg., 20, 1895, 46; 
Spirillum coprophilum Migula, Syst. d. 
Bakt., 2, 1900, 1019; not Microspira 
coprophila Migula, loc. cit., 986; Ford, 
Textb. of Bact., 1927, 341.) From liquid 
manure. 

V’i6rio surati (Lamb and Paton) Ford. 
{Spirillum surati Lamb and Paton, Arch. 
Int. Med., 12, 1913, 259; Treponema 
surati Brumpt, Nouveau Traits de 
M^decine, Paris, 4, 1922, 514; Ford, 
Textb. of Bact., 1927 , 337.) Isolated 
from a case of vegetative endocarditis. 
Closely resembles Vibrio smithii Ford, 
Microspira weibelii Migula, Microspira 
saprophiles Migula and A/icrospiVa cloaca 
Chester. 

Vibrio synthetica Kalnin§. (Latvijas 
Universitates Raksti, Serija I, No. II, 
1930,245.) Decomposes cellulose. From 
soil. 

Vt6no tenuis Veillon and Repaci. 


FAMILY PSEUDOMONADACEAE 


207 


(Ann. Inst. Past., 26, 1912, 300.) An¬ 
aerobe. From the buccal cavity. 

Vibrio terrigenus Gunther. (Cent. f. 
Bakt., 16, 1894, 746; Spirillum terri- 
genum Migula, Syst. d. Bakt., 2, 1900, 
1017; Microspira lerrigena Chester, Man. 
Determ. Bact., 1901, 341.) Closely re¬ 
lated to Vibrio tonsillaris Stephens and 
Smith. From soil. 

Vibrio tonsillaris Stephens and Smith. 
(Cent. f. Bakt., 19, 1896, 929; Microspira 
tonsillaris Migula, Syst. d. Bakt., 2, 


1900, 1009.) Closely related to Vibrio 
terrigenus Gunther. From buccal cavity. 

Fi6rm toulonensis Hauduroy et al. 
(Vibrion, Defressine and Cazencuve, in 
Violle, Le Cholera, Masson 6dit., 1919; 
Hauduroy et al., Diet. d. Bact. Path., 
1937 , 547.) From mussel beds in the 
bay of Toulon. 

l’i6n’o xylitica Kalnins. (Latvijas 
Universitates Raksti, Serija I, No. 11, 
1930,232.) Decomposes cellulose. From 
soil. 


Genus II. Desulfovibrlo Kluyver and van Niel.* 

(Cent. f. Bakt., II Abt., 94, 1936, 369; Sporovtbrio Starkey, Arch. f. Mikrobiol., 9, 
1938, 300.) From M. L. desulfo, an abbreviation of the poorly constructed word 
desulfofication, used to indicate reduction of sulfur compounds by bacteria; 

vibrio, vibrio. 

Slightly curved rods of variable length, usually occurring singly but sometimes in 
short chains which have the appearance of spirilla. Swollen pleomorphic forms are 
common. Actively motile by means of a single polar flagellum. Strict anaerobes 
which reduce sulfates to hydrogen sulfide. Found in sea water, marine mud, fresh 
water, and soil. 

The type species is Desulfovibrio desulfuricans (Beijerinck) Kluyverand van Niel. 


1. Desulfovibrlo desulfuricans 
(Beijerinck) Kluyver and van Niel. 
{Bacterium hydrosuljureum ponticum 
Zelinsky, Proc. Russ. Phys. and Chem. 
Soc., 26, 1893, 298; Spirillum desul- 
Juricans Beijerinck, Cent. f. Bakt., II 
Abt., 1, 1895, 1: Bacillus destilfxiricans 
Saltet, Cent. f. Bakt., II Abt., 6, 1900, 
648; Microspira desulfuricans Migula, 
Syst. d. Bakt., 2, 1900, 1016; Kluyver 
and van Niel, Cent. f. Bakt., II Abt., 
64, 1936, 369; Fz^rio desulfuricans 
Holland, Jour. Bact., 6, 1920, 225; Sporo- 
vihrio desulfuricans Starkey, Koninkl. 
Nederland. Akad. v. Wetenschappen, 
Proc., 41, 1938, 425; also in^Arch. f. 
Microbiol., 9, 1938, 268.) Frohi M. L. 
present part, desulfurico, sulfur re¬ 
ducing. 

Slightly curved rods, 0.5 to 1.0 by 1 to 5 
microns, usually occurring singly but 
sometimes in pairs and'short chains 


which cause them to look like spirilla. 
Swollen pleomorphic forms are common. 
Older cells appear black due to precipi¬ 
tated ferric sulfide. Actively motile, 
possessing a polar flagellum. Gram- 
negative. Stains readily with carbol 
fuchsin. 

Grow’S best in freshwater media. 
Fails to develop in sea w'ater upon initial 
isolation. 

Produces opalescent turbidity in ab- 
senceof oxygen in mineral rnedia enriched 
with sulfate and peptone. 

Media containing iron salts blackened. 
Bacteria found associated with pre¬ 
cipitated ferrous sulfide. 

Peptone-glucose agar colonies (in 
absence of air): Small, circular, slightly 
raised, dull, entire, soft in consistency. 

Gelatin not liquefied. 

Peptone, asparagine, glycine, alanine, 
aspartic acid, ethanol, propanol, butanol, 


•Prepared by Dr. Claude E. ZoBell, Scripps Institution of Oceanography, La 
Jolla, California, Jan., ^943^ 
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Klycerol, glucose, lactate, succinate and 
nialatc known to be utilized as hydrogen 
d<inors. 

Produces up to oOO ml. HjS per liter. 

Nitrites not produced from nitrates. 

Heduccs sulfate to hydrogen sulfide. 
Also retluccs sulfite.^, sulfur, thiosulfates 
and hyposulfitos. 

Optimum pH 0 to 7.5, limits pH 5 to 9. 

Optinium temperature 25 to 30® C. 
Maximum 35 to -10® C. 

.Anaerobic. 

flabitat: Soil, sewage, water. 

2. Desulfovibrio aestuarii (van 
Doldcn) cornb. nov. (Microspira 
aestiinrii van Dehlcn, Cent. f. Bakt., II 
.\bt., 11. 1904, 81; Vibrio riesulfuricans 
(halophilic strain) Baars, Over Sulfaat- 
rcductie d<x)r Bakterien, Diss. Delft, 
1930, 164 pp.) From Latin, aestuarium, 
estuary. 

Morphologically indistinguishable from 
Desulfovibrio desulfuricans described 
above, although it has a greater tendency 
to plcomorphism, and is slightly larger. 
Motile, possessing a polar flagellum. 
Gram-negative. 

Grows preferentially in media prepared 
with sea water or 3 per cent salt mineral 
solution enriched with sulfate and 
peptone. .According to Baars {loc. cil.) 
the marine species can be acclimatized to 
tolerate hypotonic salt solutions but 
Uittenberg (Studies on Marine Sulpliate- 
Reducing Bacteria, Thesis, Univ. of 
Calif., 1941, 115 pp.) was unable to con¬ 
firm this observation. Likewise Ritten- 
berg was unable to acclimatize D. acs- 
tuarii to tolerate temperatures exceeding 
45® C or to produce endospores. 

Produces faint turbidity in absence of 
o.xygen in sea water enriched with sulfate 
and peptone. Organisms most abundant 
in sediment. 

Agar colonies: Small, circular, slightly 
raised, darker centers, entire, soft 
consistency. 

Gelatin not liquefied. 

Peptone, asparagine, glycine, alanine, 
ghtcosc, fructose, ethanol, butanol. 


glycerol, acetate, lactate and malate 
known to bo utilized in presence of 
sulfate. 

Reduces sulfate to hydrogen sulfide. 
-Also reduces sulfites, sulfur, thiosulfates 
and hyposulfites. 

Produces up to 950 ml. HjS per liter. 

Nitrites not produced from nitrates. 

Optimum temperature 25® to 30® C. 
Maximum 35® to 40® C. 

Optimum pH 6 to S, limits pH 5.5 to 
8.5. 

Anaerobic. 

Habitat: Sea water, marine mud, brine 
and oil wells. 

3. Desulfovibrio rubentschickii 

(Baars) cornb. nov. (Vibrio rubent¬ 
schickii Baars, Over Sulfjiatreductie 
door Bakterien, Diss. Delft, 1930, 164 
pp.) Named for L. Rubentschick. 

Slightly curved rods, 0.5 to 1.0 by 
1 to 5 microns, usually occurring singly, 
sometimes in pairs and short chains. 
•Actively motile, possessing a polar 
flagellum. Gram-negative. Morpho¬ 
logically indistinguishable from Desul¬ 
fovibrio desulfur icons. 

Reduces sulfate to hydrogen sulfide. 
Also reduces sulfites, sulfur, thiosulfates 
and hyposulfites. 

Culturally and physiologically like 
D. desulfuricans except that D. rubent¬ 
schickii utilizes propionic acid, butyric 
acid, valeric acid, palmitic acid, stearic 
acid, galactose, sucrose, lactose and 
maltose. 

Anaerobic. 

Habitat: Soil and ditch water. 

Appendix: The following species has 
also been regarded as belonging in this 
genus. 

Vibrio Iherrnodesulfuricans KUoii- 
(Cent. f. Bakt., II Abt., 63, 1924, 58); 
Vibrio desulfuricans (thermophilic 
strain) Baars, Over Sulfaatreductie door 
Bakterien, Diss. Delft, 1930, 164 pp-J 
Sporovibrio desulfuricans Starkey (Ko- 
ninkl. Nederland. .Akad. u. Wetenschap- 
pen. Proc., 4L 1938, 425, also see Arch, f- 
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Microbiol., 9, 1938,268.) A thermophilic 
sulfate-reducing anaerobe which grows at 
30 to 65®C. and which, according to 
Starkey, produces endospores. Elion 
described Vibrio thcrrriodesulfuricans 
(Cent. f. Bakt., II Abt., ^5, 1924 , 58) 
which grows at temperatures no lower 
than 30 to 40 ®C. and has an optimum of 
55®C. Morphologically it is much like 
Desulfovibrio desulfuricans and D. acs- 
iuarii although the thermophilic form is 
shorter, more rod-like, less motile and 
more pleomorphic. According to Bears 
{loc. cit.), Vibrio thermodesulfuricani 
Elion can be acclimatized to grow at 
lower temperatures and it is found 
abundantly in environments where the 
temperature has never been as high as 
30®C. This observation is confirmed by 
Starkey (Arch. f. Microbiol., 9, 1938, 
268) who found further that the thermo¬ 
philic form found in nature or developed 
by acclimatization to higher temperatures 


produces endospores. However, spore- 
formation appears to be the exception 
rather than the rule. The pleomorphic, 
peritrichous, sporogenous, sulfate- 
reducer is more rod-like than the asporo- 
genous cultures and many cells of the 
sporogenous cultures are Gram-positive 
whereas asporogenous cultures of Desvl~ 
fovibrio desulfuricans are Gram-negative, 
all of which leaves a question whether the 
sporogenous sulfate-reducer is a Bacillus 
or a Desulfovibrio. Rittenberg (Studies 
on Marine Sulfate-reducing Bacteria, 
Thesis, Univ. Calif., 1941, 115 pp.) was 
unable to adapt the marine sulfate re¬ 
ducer to grow at low salinities or at high 
temperatures, nor could it be induced 
to form spores. 

Desulfovibrio halohydrocarbonoclasti- 
CHS Zobell (U. S. Patent No. 2,413,278; 
Science News Letter, Jan. 11, 1947.) 
From oil bearing rocks. 


Genus III. Cellvibrlo Winogradsky.* 

(Ann. Inst. Pasteur, 4S, 1929, 577.) From M. L. cell, an abbreviation for cellulose; 

vibriOy vibrio. 

Long slender rods, slightly curved, with rounded ends, show deeply staining gran¬ 
ules which appear to be concerned in reproduction. Monotrichous. Most species 
produce a yellow or brown pigment with cellulose. Oxidize cellulose, forming oxy- 
cellulose. Growth on ordinary culture media is feeble. Found in soil. 

The type species is Cellvibrio ochraceus Winogradsky. 


Key to the species of genus Cellvibrlo. 

I. No growth on glucose or starch agar. 

A. Ochre-yellow pigment produced on filter paper. 

1. Cellvibrio ochraceus. 


11. Growth on glucose and starch agar. 

A. Poor growth on starch agar. 

1. Cream-colored pigment which becomes brown with age is produced on 
filter paper. 


2. Cellvibrio flavescens. 

B. Abundant growth on starch agar. 

1. Scanty growth on glucose agar. 

a. Intense yellow pigment produced on filter paper. 

3. Cellvibriofulvus. 


2. Abundant growth on glucose agar. 

a. No pigment produced on filter paper. 

4. Cellvibrio vulgaris. 

* Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, Sept., 1937; no change. July, 1943. 
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1. Cellvibrio ochraceus Winogradsky. 
(Ann. Inst. Pasteur, 1929, 549, 601.) 
From Greek, ochra, yellow ochre; M. L. 
like ochre, yellow. 

Plump, curved rods with rounded 
ends, 2.0 to 4.0 microns long, rarely 
occurring as spirals. Chromatic granule 
frequently found in center. Motile 
with a single flagellum. Gram-negative. 

Produces diffuse, light ochre-colored, 
mucilaginous colonics on cellulose silica 
gel medium. 

No action or growth on plain agar. 
No growth on peptone, glucose, starch 
or tragacanth gum agar. 

Filter paper streaks: Entire paper 
colored ochre-yellow in 48 hrs. 

Aerobic, facultative. 

Optimum temperature 20°C. 

Distinctive character: Rapid ochre- 
colored growth. 

Habitat; Soil. Disintegrates vegetable 
fibers. 


2. Cellvibrio flavescens Winogradsky. 
(Ann. Inst. Pasteur, 4S, 1929, 60S.) From 
Latin, part. adj. of fiavesco, to turn yel¬ 
low or golden. 

Plump, curved rods, flexuous, with 


rounded ends, 0.5 by 2.5 to 5.0 microns. 
Shows raetachromatic granules. Motile 
with a single flagellum. Gram-negative. 

Produces diffuse, cream-colored growth 
becoming brownish; mucilaginous colo¬ 
nies on cellulose silica gel medium. 

Good growth on peptone agar. Colo¬ 
nies 1 mm in 4 days. Grows poorly on 
glucose, starch and gum agars. 

Filter paper streaks: Almost as rapid 
in growth as Cellvibrio ochraceus and 
colors entire paper in 2 to 3 days. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Distinctive characters: Smaller, less 
curved rods that grow on a greater 
variety of media than Cellvibrio ochra¬ 


ceus, but do not attack cellulose as 
readily. 

Source: Isolated from a pile of old 
damp sawdust. 


Habitat: Soil. Disintegrates vegetable 
fibers. 

3. Cellvibrio fulvus Stapp and Bortels. 
(Culture Y, Dubos, Jour. Bact., 15, 
1928, 230; Stapp and Bortels, Cent. f. 
Bakt., H Abt., 90, 1934, 42.) From 
Latin, fulvus, reddish yellow. 

Slightly curved rods: 0.3 to 0.4 by 
1.5 to 3.0 microns. Show involution 
forms. Motile by means of a single polar 
flagellum. Gram-negative. 

Cellulose is decomposed. Grows on 
filter paper with an intense egg-yellow 
color which in older cultures may deepen 
to rust brown. 

Glucose agar: Very scanty growth. 

Sucrose agar: Very slight growth. 

Maltose agar: Abundant yellow growth. 

Lactose agar: Fairly abundant yellow 
growth. 

Starch agar: Very abundant, bright 
yellow growth which later turns brown. 

Nutrient broth: No growth. 

Temperature relations: Optimum 25 
to30®C. Minimum 5®C. Maximum 32® 
to 35®C. No growth at 37®C. Thermal 
death point 39® to 40®C. 

Aerobic. 

Source: Isolated from forest soil in 
Germany and from soil in the United 
States. 

Habitat: Widely distributed in soils. 

4. Cellvibrio vulgaris Stapp and 
Bortels. (Culture Co, Dubos, Jour. 
Bact., 16, 1928, 230; Stapp and Bortels, 
Cent. f. Bakt., II Abt., 90, 1934, 44.) 
From Latin, uulgaris, common. 

Curved rods: 0.3 by 2.9 to 4.0 microns. 
Shows involution , forms. Motile by 

means of a single polar flagellum. Gram¬ 
negative. 

Cellulose is decomposed. Grows on 
filter paper without the formation of 
pigment. 

Glucose agar: Abundant growth, 
pigment. 

Sucrose agar: Abundant slightly yellow 
growth. 
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Maltose agar: Abundant yellowish 
growth. 

Lactose agar: Very heavy growth. 

Starch agar: Very abundant yellowish 
growth. 

Nutrient broth: No growth. 

Temperature relations: Optimum 25® 
to30®C. Minimum 5®C. Maximum 32® 


to 35®C. No growth at 37 ®C. Thermal 
death point 44° to 45°C. 

Aerobic. 

Source; Isolated from forest soil in 
Germany and from soils in the United 
States. 

Habitat: ^Videly distributed in soils. 


Genus IV. Cellfalcicula Winogradsky.* 

(Ann. Inst. Pasteur, J^3, 1929, 616.) From M. L. cell, an abbreviation for cellulose; 

Latin dim.,/afcicida, a small sickle. 

Short rods or spindles, not exceeding 2.0 microns in length, with pointed ends, 
containing metachromatic granules. Old cultures show coccoid forms. Monotri- 
chous. Oxidize cellulose, forming oxyccllulose. Growth on ordinary culture media 

is feeble. Soil bacteria. 

The type species is Cellfalcicula viridis Winogradsky. 


1. Cellfalcicula viridis Winogradsky. 
(Ann. Inst. Pasteur, 4^, 1929, 616.) From 
Latin, viridist green. 

Plump, small spindles, 0.7 by 2.0 
microns, with rounded ends. Motile 
with a single flagellum. Gram-negative. 

Produces diffuse green, mucilaginous 
colonies on cellulose silica gel medium. 

Filter paper streaks: Rapid spreading 
growth colored green in 3 days at 30°C. 

Hydrocellulosc agar: Growth rapid, 
green; minute yellowish-green, mucous 
colonies on streaking. 

No growth on peptone, glucose, starch 
or gum agar. 

Aerobic, facultative. 

Optimum temperature 20°C. 

Habitat: Soil. 

2. Cellfalcicula mucosa Winogradsky. 
(Ann. Inst. Pasteur, 43, 1929, 621.) From 
Latin, mucosus, mucous. 

Plump, curved spindles, with slightly 
pointed ends. Motile with a single polar 
flagellum. Contain a single chromatic 
granule. Gram-negative. 

Produces diffuse, cream-colored, muci¬ 


laginous colonies on cellulose silica gel 
medium. 

Hydrocellulosc agar: Abundant grayish 
growth. 

No growth on peptone, glucose, 
starch or gum agar. 

Aerobic, facultative. 

Optimum temperature 20°C. 

Habitat: Soil. 

3. Cellfalcicula fusca Winogradsky. 
(Ann. Inst. Pasteur, 43, 1929, 622.) From 
Latin, fuscus, dark, tawny. 

Plump, curved spindles, 0.5 by 1.2 to 
2.5 microns, with slightly pointed ends 
and a central chromatic granule. Motile 
with a single polar flagellum. Gram¬ 
negative. 

Produces diffuse, brownish, slightly 
marbled or veined colonies on cellulose 
silica gel medium. 

Filter paper streak: Paper becomes a 
partially transparent, dry, non-muci- 
laginous pellicle adherent to gel. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source; Isolated from a pile of old damp 
sawdust. 

Habitat: Probably rotting wood. 


* Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, Sept., 1937; no change, July, 1943. 
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Genus V. Thiospira Vislouch* 

f.Tnnr- de Microbiologie. /, 1914, 50; Snljospirillum Kluyver and van Niel, Cent. f. 
Bakt.. II Abt., H, 1936, 396.) From Greek, Iheion, sulfur; spetra, coil. 

Colorless, motile, slightly bent rods, somewhat pointed at the ends, with granules 
of sulfur within the cells and a small number of flagella at the ends. 

The t\me species is Thiospira xcinogradskyi (Omelianski) Vislouch. 


1. Thiospira winogradskyi (Ome¬ 
lianski) Vislouch. (Thiospirillum wino¬ 
gradskyi Omelianski, Cent. f. Bakt., 11 
Abt., 14, 1905, 769; Thiospirillum granu- 
latum Molisch, Cent. f. Bakt., II Abt., 
S3, 1912, 55; Vislouch, Jour, de Micro¬ 
biologie (Russian), 1, 1914, 50; Suljo- 
spirillum winogradskyi Kluyver and van 
Niel, Cent. f. Bakt., II Abt., 94, 
1936, 397.) Named for Winogradsky, 
the Russian bacteriologist. 

Large, sulfur sp rilla, somewhat 
pointed at the ends, 2 to 2.5 microns 
thick, to 50 microns long. Numerous 
granules of sulfur. Very motile, with 
one to two polar flagella. 

Habitat: Curative mud. 


2. Thiospira bipunctata (Molisch) 
Vislouch. {Spirillurn bipunctaium Mo¬ 
lisch, Cent. f. Bakt., II Abt., 33, 1912, 
55; Vislouch, Jour, de Microbiologie 
(Russian), 1, 1914, 50.) From Latin, bi, 
two; punctum, points. 

Small, slightly bent sulfur spirilla, 
markedly pointed at the ends, 6.6 by 14 
microns long, 1.7 to 2.4 microns wide (in 
the center of the cell). Both ends are 
filled more or less with large volutin 
(metachromatic) granules. Several mi¬ 
nute granules of sulfur are present in the 
clear center and sometimes at the ends. 
Old cells possess one flagellum at each 
end; young cells have a flagellum at 
one end. 

Habitat: Sea and salt waters. 


Genus VI. Spirillum Ehrenberg.^ 

(Ehrenberg, Abhandlungen d. Berl. Akad., 1830, 38; Spirosoma Migula, Arb. bakt. 
Inst. Karlsruhe, 1, 1894, 237; Dicrospirillum Enderlein, Sitzber. Gesell. naturf. 
Freunde, Berlin, 1917, 313.) From Greek, speira^ a spire or coil. 

Cells form either long screws or portions of a turn. Volutin granules are usually 
present. Usually motile by means of a tuft of polar flagella (5-20) which may occur 
at one or both ends of the cells. Aerobic, growing well on ordinary culture media, 
except for one saprophyte and the pathogenic species. These have not yet been 
cultivated. Usually found in fresh and salt water containing organic matter. 

The type species is Spirillum undula (Muller) Ehrenberg. 

Key to the species of genus Spirillum. 

I. One micron or less in diameter. 

1. Volutin granules present. 

a. Slow to rapid liquefaction of gelatin, 
b. Grayish to brown growth on potato. 

1. Spirillum undula. 


* Prepared by Prof. D. H. Bergey, Philadelphia, Penn., October, 1922. 
t Revised by Prof. D. H. Bergey, Philadelphia, Pennsylvania, April, 1937; further 
revision by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, June, 1943, based on Monograph by Giesberger, Inaug. Diss., Utrecht, 
Nov. 30, 1936. 
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bb. Light yellowish-orange growth on potato. 

2. Spirillum serpens. 

aa. No liquefaction of gelatin. Of small size (0.5 micron in diameter), 
b. Colonies on agar white becoming brownish black and slightly 
wrinkled. 


3. Spirillum itersonii. 
bb. Colonies on agar white and smooth. 

4. Spirillum tenue. 

2. No volutin granules observed, 
b. Single Oagellum. 

5. Spirillum virginianum. 

bb. Tuft of flagella. 

6. Spirillum minus. 

II. Over one micron in diameter. 

1. Grows poorly on peptone agar and potato. 

7. Spirillum kutscheri. 

2. Not positively known to have been cultivated on artificial media. Very 
evident volutin granules. 

8. Spirillum voluians. 

3. Cells more or less deformed by fat drops. 

9. Spirillum lipoferum. 


1. Spirillum undula (MOller) Ehren- 
berg. {Vibrio undula Muller, Animal- 
cula infusoria et marina, 1786; Ehrenberg, 
Infusionstierchen, 1838; Spirillum 
^indula minor Kutscher, Cent. f. Bakt., 
I Abt., 18, 1895, 614.) From Latin, 
undulatus, wave-like. 

Stout threads, 0.9 micron in diameter, 
with one-half to three turns. The wave 
lengths are 6 microns. Width of spiral, 
3.0 microns. Tufts of three to nine 
flagella at each pole. Volutin granules 
present. Gram-negative. 

Gelatin colonies: The surface colonies 
are circular, granular, greenish-yellow, 
entire. 

Gelatin stab: Thick, white, rugose 
surface growth. Very slow liquefaction. 

Agar colonies: Grayish-white, smooth. 

Broth: Turbid. 

Potato: Grayish-brown growth. 

Indole not formed. 

Catalase positive. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Cohn (Beitrage z. Biol. d. Pflanzen, 1, 
Heft 2. 1876, 132) reports that he could 


not distinguish this organism from Vibrio 
prolifer Ehrenberg. 

Habitat: Putrid and stagnant water. 

2. Spirillum serpens (Muller) Winter. 
{Vibrio serpens Muller, Animalcula in¬ 
fusoria et marina, 1786, 43; Winter, in 
Rabenhorst’s Kryptogamen-Flora,/, Die 
Pilze, 1884 , 63.) From Latin, serpens, 
serpent. 

Ix)ng, curved rods with two to three 
wave-like undulations, 0.8 to 1.0 micron 
in diameter; wave length, 8 to 9 microns. 
Width of spiral 1.5 to 1.8 microns. Vo¬ 
lutin granules in cytoplasm. Motile, 
possessing tufts of flagella at both poles. 
Gram-negative. 

Gelatin colonies: Yellowish to brown¬ 
ish, granular, entire. 

Gelatin stab: Yellowish surface growth. 
Slow liquefaction. 

Agar colonies: Heavy cream-colored 
growth. 

Agar slant: Grayish, with yellowish 
center, granular, entire. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: Clear orange-yellow growth 

Indole not formed. 
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Catalase positive. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 35®C. 

Habitat: Stagnant water. 

3. Spirillum itersonii Giesbcrger. 
(Inaug. Diss., Utrecht, 1936, 46 and 57.) 
XamcMl for van iterson, the Dutch bac¬ 
teriologist. 

Tlie smallest of the spirilla isolated 
from water. First observed by van 
Iterson (Proc. Kon. Akad. v. Wetensch. 
Amsterdam, 5, 1902, GSo). 

Small spirals, 0.5 micron in diameter. 
Wave length, 3 to 3.5 microns. Spiral 
width, 1 to 1.5 microns. Motile with 
bipolar tufts of flagella. Gram-negative. 

Grows readily on peptone agar. White 
colonics becoming brownish black, and 
slightly wrinkled. 

Gelatin stab : No liquefaction. 
Brownish-orange growth on potato. 
Volutin granules may be present. 
Catalase is produced. 

Acid from glucose, fructose, ethyl 
alcohol, n-propyl alcohol, n-hutyl alcohol, 
and glycerol. Utilizes acetic, propionic, 
n-butyric, tartaric, fumaric, lactic, citric, 
and succinic acid.s. 

Grows well in peptone broth. Also 
utilizes ammonia compounds. 

Anaerobic growth in the presence of 
nitrates when organic or ammonia nitro¬ 
gen is also available. 

Optimum temperature; 30®C. 

Source: Isolated from water. 

Habitat: Water. 

4. Spirillum tenue Ehrenberg. (In- 
fusioustierchen, 1838; see Bonhoff, Arch, 
f. Hyg., 26, 1896, 162.) From Latin, 

tenuis, thin. 

Slender spirals. Diameter 0.7 micron. 
Wave lengths 4.5 to 5.0 microns. Width 
of spiral 1.5 to 1.8 microns. 

Actively motile in peptone water with 
tufts of flagella at each pole. Volutin 
granules present. Gram-negative. 

Agar colonies: White, smooth. 


Peptone agar slant: Heavy growth. 

Gelatin stab: No liquefaction. 

Catalase positive. 

Potato: Light brown growth. 

Acid from glucose and fructose. 
Slight acid from several other sugars and 
glj’cerols. Utilizes salts of acetic, pro¬ 
pionic, n-butyric, tartaric, lactic, citric, 
malic, and succinic acids. 

Ammonia compounds arc used as a 
source of nitrogen. 

Optimum temperature, 30®C. 

Source: Found in putrefying vegetable 
matter. 

Habitat: Putrefying materials. 

5. Spirillum virginianum Dimitroff. 
(Jour, of Bact., 12, 1926, 19.) From M. 
L. genitive of Virginia. 

Spirals consisting of i to 3 complete 
turns in young cultures, older cultures 
showing 7 turns. 0.6 to 0.9 by 3 to 11 
microns. Motile with a single polar 
flagellum on one or both ends. Gram- 
negative. 

Gelatin colonies: Entire, convex, cir¬ 
cular, moist, colorless. 

Gelatin stab : Growth along entire stab. 
No liquefaction. (DimitrofT, loc. cit.) 
Active liquefaction. (Giesbcrger, Inaug. 
Diss., Utrecht, 1936, 65.) 

Agar colonies: Dew drop, conve.x, 
entire, moist, colorless. 

Agar slant: Dew drop, isolated colonies. 

Broth: Cloudy, no flocculation. 

Uschinsky’s protein-free medium: 
Abundant growth. 

Litmus milk: No growth. 

Loeffler’s blood serum: Convex, 
isolated dew drop colonies. No lique¬ 
faction. 

Lead acetate agar: No HjS. 

Voges-Proskauer and methyl red nega¬ 
tive. 

No volutin granules observed (Gies- 
berger, loc, cit., p. 60). 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid or gas from carbohydrates. 
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(Dimitroff, loc. cit.). Utilizes lactates 
and citrates (Giesberger, loc. cit.). 
Aerobic, facultative. 

Optimum temperature 35®C. 

Source: Isolated from mud on ai\ oyster 
shell. 

Habitat: Probably muddy bottom of 
brackish water. 

6. Spirillum minus Carter. (Carter, 
Sci. Mem. Med. Officers Armj’ India, S, 
1887 , 45; Spirillutn minor Carter, ibid.; 
Spirochaeia laverani Breinl and King- 
horn, Mem. Liverpool Sch. Trop. Med., 
2t, 1906, 55; Spirochaeta muris Wenyon, 
Jour. Hyg., 6, 1906, 580; Spirochaeta 
muris var. virginiana MacNeal, Proc. 
Soc. Exper. Biol, and Med., 4, 1907, 125; 
Spirochaeta muris var. galatziana Mezin- 
cescu, Compt. rend. Soc. Biol. Paris, 66, 
1909, 58; Treponema muris Moore, 
Principles of Microbiology, 1912, 414; 
Spirochaeta morsus muris Futaki,Takaki, 
Taniguchi and Osumi, Jour. E.\p. Med., 
25, 1917, 33; Spirochaeta petit Row, Ind. 
Jour. Med. Res., 6, 1917, 386; Spironema 
muris Noguchi, Jour. Exp. Med., 27, 

1918, 584; Spirochaeta japonica Dujarric 
de la Riviere, Ann. de Med., 6, 1918, 184; 
Spirochaeta morsusmuris Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 

1919, 447; Spiroschaudinnia morsusmuris 
Castellani and Chalmers, ibid.] Spiro¬ 
chaeta sodoku Troisier, 1920, according to 
Pettit, Contribution fi I’fitude des 
Spiroch6tid68, Vanves, II, 1928, 231; 
Treponema japonicum Brumpt, Nouveau 
Trait6 de M6decine, Paris, 4, 1922 , 505; 
Treponema morsus muris Brumpt, ibid., 
506; Treponema minor Brumpt, ibid., 
507; Treponema laverani Brumpt, ibid., 
507; Treponema sodoku Brumpt, ibid., 
514; Spirochaeta pettili Row, Jour. 
Trop. Med. and Ilyg., 25, 1922, 364; 
Treponemella muris San Giorgi, Patho- 
logica rivista, 14, 1922 , 461; Borrelia 
muris Bergoy et al., Manual, 2nd ed., 
1925, 435; Spirillum minus var. morsus 
muris Ruys, Cent. f. Bakt., I Abt., Orig., 
lOS, 1927 , 270; Spirillum minus var. 


muris Ruys, ibid.] Spironema minor 
Ford, Textb. of Bact., 1927, 962; Spiro- 
ncma laverani Ford, 963; Spironema 
muris var. virginiana Ford, ibid., 963; 
Spirella morsusmuris Noguclii, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928, 497; Spirella muris 

Noguchi, ibid.) From Latin, minus, 
less. 

Description taken from Adachi, Jour. 
Exp. Med., 53, 1921, 647 and Giesberger, 
Inaug. Diss., Delft, 1936, 67. 

Short thick cells: 0.5 by 3.0 microns, 
having 2 or 3 windings which arc thick, 
regular and spiral. Actively motile by 
means of bipolar tufts of flagella. Gram- 
negative. 

lias not been cultivated on artificial 
media. 

Aerobic, facultative. 

Pathogenic for man, monkeys, rats, 
mice and guinea pigs. 

This species is regarded by some as a 
spirochaete. Because of its habitat and 
wide distribution it has been described 
under many different names. It is 
possible that some of these names indi¬ 
cate varieties or even separate species. 
See Beeson (Jour. Arner. Med. Assoc., 
123, 1943, 332) for important literature. 

Source: Found in the blood of rats and 
mice. 

Habitat: Tlic cause of rat-bite fever. 
Widely distributed. 

7. Spirillum kutscheri Migula. (Spi¬ 
rillum undula majus Kutscher, Cent. f. 
Bakt., I Abt., 18, 1895, 614; Migula, 
Syst. d. Bakt., 2, 1900, 1024.) Named 
for Kutscher, the German bacteriologist 
who first isolated the organism. 

Stout threads, 1.5 microns in diameter. 
Wave lengths 10.5 to 12.5 microns. 
Width of spiral, 3 to 4.5 microns. May 
lose their spiral form on continued 
cultivation. Motile with tufts of flagella 
at the poles. Gram-negative. 

Gelatin colonics: Transparent, round, 
surface colonies. Deep colonics, dark 
brown. 
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Gelatin stab: Slow liquefaction. 

Agar colonies grow poorly, granular. 
Deep colonies yellowish-green to dark 
brown. 

Agar slant: Delicate, transparent 
growth. 

Potato: Limited growth. 

Volutin present. 

Catalase positive. 

Utilizes malic and succinic acids. 

Grows well on peptone broth. Also 
utilizes ammonia compounds. 

Optimum temperature, 22° to 27°C. 
Source: Isolated from putrid materials 
and liquid manure. 

Habitat: Putrefying liquids. 

8. Spirillum volutans Ehrenberg. 
(Prototype, Vibrio spirillum Miiller, 
Aniraalcula infusoria, 1786; Ehrenberg, 
Die Infusionstierchen als Volkommene 
Organismen, 1838.) From M. L. volutin. 

Spirals 1.5 microns in diameter. Wave 
length, 13 to 15 microns, width of spiral, 
4 to 5 microns. The largest of the spirilla. 
Slightly attenuated ends. Motile, pos¬ 
sessing a tuft of ten to fifteen flagella 
at each pole. Dark granules of volutin 
in the cytoplasm. Gram-negative. 

Migula (Syst. d. Bakt., 2, 1900, 1025) 
reports that this species has not been 
cultivated on artificial media, and that 
the cultures so described by Kutscher 
(Ztschr. f. Hyg., 20, 1895, 58) are of a 
different species which Migula names 
Spirillum giganteum. Vahle (Cent. f. 
Bakt., 11 Abt., 25, 1910, 237) later 
describes the cultural characters of an 
organism which he regards as identical 
with Kutscher’s organism. Giesberger 
(Inaug. Diss., Delft, 1936, 65) saw what 
he felt was the true Spirillum volutans 
but could not cultivate it. 

Optimum temperature 35°C. 

Habitat: Stagnant water. 


9. Spirillum lipoferum Beijerinck. 
(Azotobacter spirillum Beijerinck, Kon. 
Akad. Wetensch. Amsterdam, SO, 1923, 
431 quoted from Giesberger, Inaug. 
Diss., Delft, 1936 , 24; lipo¬ 

ferum Beijerinck, Cent. f. Bakt., II 
Abt., 63, 1925, 353; Chromatium lipo¬ 
ferum Bergey et al.. Manual, 3rd cd., 
1930, 531.) From Greek, lipos, fat; 
Latin, fero, to bear'. 

Curved cells wdth one-half to one spiral 
turn, containing minute fat droplets. 
These may deform the cells. Motile 
with lophotrichous flagella. Gram¬ 
negative. 

Calcium malate agar colonies: Circu¬ 
lar, small, transparent, dry. The malate 
is oxidized to calcium carbonate. Cells 
contain fat drops. 

Peptone agar colonies; More abundant 
development. Cells lack fat drops and 
are typically spirillum in form. 

Glucose peptone broth: Cells actively 
motile with large fat drops. 

Fixes atmospheric nitrogen in partially 
pure cultures, i.e., free from AzoU)bacler 
and Clostridium (Beijerinck, loc. at.)- 
Schroder (Cent. f. Bakt., II Abt., 35, 
1932,17) failed to find fixation of nitrogen 
W’hen she used cultures derived from u 
single cell. 

Aerobic. 

Optimum temperature 22°C. 

Beijerinck regards this as a transitional 
form between Spirillum and Azotobacter. 
Giesberger {loc. cit., p. 64-65) thinks it a 
Vibrio. 

Habitat: Garden soil. 

Appendix:* The following additional 
species have been mentioned in the 
literature. Many are inadequately de¬ 
scribed. Some may not belong here. 


• Prepared by Mr. Wm. C. Haynes, New York State Experiment Station, J 
New York, Jan., 1939; Revised by Capt. Wm. C. Haynes, Sn. C., Fort Bliss, e. 

July, 1943. 
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Spirella cams Duboscq and Lebailly. 
(Corapt. rend. Acad. Sci. Paris, J64, 
1912, 835.) From tlie stomach of a dog. 

Spirillum amyliferum Van Tieghem. 
(Bull. Soc. botan. de France, 26, 1879, 
65.) Said to produce spores. Ford 
(Textb. of Bact., 1927, 364) thinks this 
organism was probably a spirochaete 
because of its mode of division. Found 
in frog spawn fungus of sugar factories. 

Spirillum attenuaium Warming. (Om 
nogle ved Danmarks Kyster levende 
Bakterier. Kjobenhavn, 1876; Spiro- 
soma attennalum Migula, Syst. d. Bakt., 

1900, 959.) Ford (loc. cit., 363) states 
that this incompletely described organ¬ 
ism would now be regarded either as a 
spirillum or as a spirochaete. From sea 
coast of Denmark. 

Spirillum cardiopyrogenes Sardjito. 
(Geneesk. Tijdschr. voor Ned.-Indie, 
72, 1932, 1359; ibid., 73, 1933, 822.) From 
blood of a patient with pericarditis. 

Spirillum colossus Errera. (Rec. trav. 
bot. Bruxelle, 5, 1902; Abst. in Cent. f. 
Bakt., II Abt., 9, 1902, 608.) A giant 
form isolated from brackish sea water. 
Probably the same as Spirillum volutans 
Ehrenberg. 

Spirillum concenlricum Kitasato. 
(Cent. f. Bakt., 3, 1888, 73.) Found in 
putrefying blood. 

Spirillum crassum Veillon and Repaci. 
(Ann. Inst. Past., 26, 1912, 300.)' De¬ 
scribed as having peritrichous flagella. 
From lung lesions in human tuberculosis. 

Spirillum endoparagogicum Sorokin. 
(Cent. f. Bakt., 1, 1887, 465.) Described 
as producing spores in old cultures. 
From rain water in bark of poplar tree. 

Spirillum giganleum Migula. {Spiril¬ 
lum volutans Kutscher, Ztschr. f. Hyg., 
^0, 1895, 58; Migula, Syst. d. Bakt., 2, 
1900, 1025.) From putrefying liquids. 

Spirillum hachaizae Kowalski. (Cent, 
f- Bakt., 16, 1894, Z7A •, Spirillum hachaizi- 
cum Kowalski, ibid., 324; Spirochaeta 
hachaizae Castellani and Chalmers, Man. 
Trop.Med., Isted., 1910,316; Treponema 


* 

hachaizae Brumpt, Nouveau Traits de 
M6decine, Paris, 4, 1922, 495.) Found 
in feces of cholera patients and also of 
healthy individuals. 

Spirillum kolkwilzii Vislouch. (Jour, 
de Microbiol. (Russian), 1, 1914, 50.) 

Spirillum leucomclaenum Perty. (Zur 
Kenntniss kleinster Lebensformen. 
Berne, 1852. Also see Koch, Mitt. 
Kais. Gesundheitsamte, 1 , 1881, 48.) 
From stagnant water. 

Spirillum monospora Dobell. (Quart. 
Jour. Micr. Sci., 62, 1908, 121.) De¬ 
scribed as producing spores. From 
large intestine of frogs and toads. 

Spirillum nigrum Rist. (Th^se m6d., 
Paris, 1898; see Cent. f. Bakt., I Abt., 
SO, 1901,299.) Strict anaerobe from pus. 

Spirillum ostreae Noguchi. (Jour. 
Exp.Med.,34,1921,295.) From oysters. 

Spirillum periplanelicum Kunstler and 
Gineste. (Compt. rend. Soc. Biol. 
Paris, 61, 1906,135.) From the intestine 
of the cockroach, Periplanela americana. 

Spirillum pyogenes Mezincoscu. 
(Cent. f. Bakt., I Abt., Grig., 35, 1904, 
201; Spirochaeta pyogenes Blanchard, 
Semaine M6d., 26, 1906, I; Treponema 
pyogenes Brumpt, Nouveau Trait6 de 
M6decine, Paris, 4, 1922, 511.) From a 
case of pj'elitis calculosa. 

Spirillum rappini De Toni and Trevi- 
san. (Spirochaete, Rappin, Ck)ntr. h 
I'fitude d. Bact6r. de la Bouche h I'fitat 
normal, 1881, 68; De Toni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
1009.) From the stomach of a dog. 

Spirillum recti physeleris Beauregard. 
((Jompt. rend. Acad. Sci. Paris, 126, 
1897,255.) From ambergris. 

Spirillum rugula (Muller) Winter. 
(Vibrio rugula Mliller, Animalcula infu¬ 
soria, 1786; Cohn, Beitrage z. Biol. d. 
Pflanz., 1, Heft 2, 1872, 178; Bonhoff, 
Arch. f. Hyg., 26, 1896, 162; Winter, Die 
Pilze, in Rabenhorst’s Kryptogamen- 
Flora, 1884.) Prazmowski found spores, 
but it is not certain his cultures were 
pure. Bonhoff also observed spores, but 
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concluded that they were duo to con¬ 
taminating organisms (Ford, Textb. of 
Bact., 1927. 360). From water. 

Spirillum sporiferum Migula. (Syst. 
d. Bakt., 2, 1000, 102S.) Produces 

spores. The spirals in which the spore 
formation is beginning arc like Spirillum 
leucomclacnum Forty (Ford, he. cH., 
336). Cdesberger {he. cil., p. 60) places 
this and other so-called spore-forming 
spirilla in Sporospirillum Orla-Jensen 
(Cent. f. Bakt., II Abt., 22, 1909, 340). 
From a bean infusion. 

Spirillum sputigenum Miller. (Die 
Mikroorganismen der Mundhohle. Leip¬ 
zig, 1892; Deutsche med. Wchnschr., S2, 
1900, 1 and 348.) IIotTman and Prowazek 
(Cent. f. Bakt., I Abt., Orig., 1906, 
741) claim that Spirillum sputigenum 
hasperitrichous flagella. Cdesberger (he. 
cil., 63) places this in Selcnomonas 
Prowazek (Cent. f. Bakt., I Abt., Orig., 
70, 1913, 36). Muhlcns (Cent. f. Bakt., 
I Abt., Orig., 48, 1909, 525) reports 1 to 
3 flagella, the majority of the organisms 
having apparently a single thick flagellum 
(a bunch of flagella) on the concave side 
(Ford, he. eil., 367). Anaerobic. From 
the buccal cavity. 

Spirillum stomachi Lehmann and Neu¬ 
mann. {Spirillum Form a, 0, y, 6 
Salomon. Cent. f. Bakt., 1 Abt., 19, 1896, 
433; Lehmann and Neumann. Bakt. 
Diag., 2 Aufl., 2, 1899 , 362.) Found in 
stomach of <log, cat and rat. 

Paraspirillum vcjdovskiiT)ohQ\\. (Arch, 
f. Protistenk.. 24, 1911,97.) Found only 


once in fresh water containing Oscilla- 
toria. Flagellate flexible spiral cells 
described as possessing a nucleus. This 
may be a protozoan. 

Spirobacillus gigas Certes. (Bull. Soc. 
Zool. France, 14- 1889, 322; abst. in Ann. 
de Microgr., 2, 1889-1890, 137.) From 
water. 

Vibriothrij tonsillaris Tunnicliff and 
Jackson. (Organism from Actinomyces- 
like granules, Tunnicliff, Jour. Inf. Dis., 
38, 1926, 366; Tunnicliff and Jackson, 
ibid., 46, 1930. 12.) From tonsillar 
granules. May be identical with Lepto- 
(hrix asteroide Mendel and as a Gram¬ 
negative, anaerobe may belong in Bac- 
leiaides according to Rosebury (Bact. 
Rev., 8, 1044 , 202). 

Vibriothrix zeyhnica (C’astellani) Cas- 
tellani. {Spirillum zcylanieum C'astel- 
lani Jour. Ceylon Branch Brit. Med. 
Assoc.. 7, 1910, 5 and Philipp. Jour. 
Sci.,5, No. 2, Sect. B., Medical Sciences, 
July, 1910; ri6rio zeylanicus Castellani, 
1913, Bacillus zeylanicus Castellani, 
1913 and Vibriothrix zcylanica Castellani, 
1917, quoted from Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
1069; Spirobacillus zeylanicus Castellani, 
Spagnuolo and Russo, Bull. Soc. Path. 

Kxot., II, 1918, 271.) Motile. Gram- 

• 

negative. From cases of dysenteric 
enteritis in Ceylon. This is the type 
species of the genus Vibriolhrix Castel¬ 
lani (see Castellani and Chalmers, he. 
cit., 1068). 
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FAMILY III. AZOTOBACTERIACEAE BERGEV, BREED AND MERRAY.* 

{Preprint, Manual, 5th cd., October, 1938, v and 71.) 

Cells without endospores. Relatively large rods or even cocci, sometimes almost 
yeast-like in appearance. The type of flagellation in this genus ha.s been delinitely 
established as peritriehous. Gram-negative. Obligate aerobes, usually growing in 
a film on the surface of the culture medium. Capable of fixing atmo.sphcric nitrogen 
when provided with carbohydrate or other energy source. Grow be.st on media 
deficient in nitrogen. Soil and water bacteria. 

There is a single genus. 

Genus 7. Azotobacter Beijerinck. 

(Beijerinck, Cent. f. Bakt., II Abt., 7, 1901, 567; Azotomonas Orla-Jensen, Cent. f. 
Bakt., II Abt., U, 1909, 444.) 

The definition is identical with that of the family. From Gr. azous, not living. 
French, azote, nitrogen; Gr. baktron, rod, stick. 

The type species is Azotobacter chroococcum Beijerinck. 


1. Azotobacter chroococcum Beijer¬ 
inck. (Cent. f. Bakt., 11 Abt., 7, 1901, 
567 and 9, 1902, 3; Bacillus azotobacter 
Lohnis and Hanzawa, Cent. f. Bakt., II 
Abt., 4^, 1914, 1; Bacillus chroococcus 
Buchanan, General Syst. Bact., Balti¬ 
more, 1925,194.) From Gr. chroa, color; 
coccos, grain; M. L. sphere. 

According to Lohnis and Smith (Jour. 
Agr. Res., 23, 1923, 401) Azotobacter 
beijerinckii Lipman (New Jersey Agr. 
Exp. Sta. Rept., 25, 1904 , 247), Azoto¬ 
bacter taoodsfou>nu Lipman (ibid.), Azoto¬ 
bacter smyrnii Lipman and Burgess (Cent, 
f. Bakt., II Abt., 44,1915, 504) and Azoto¬ 
bacter hilgardii Lipman (Science, 29, 
1909, 941) are identical with Azotobacter 
chroococcum. Greene (Soil Sci., 39, 
1935, 327) studied Azotobacter chroococ¬ 
cum and Azotobacter beijerinckii by 
chemical analyses and found the chemical 
composition of the cells to be practically 
identical, but different from that of 
Azotobacter vinelandii and Azotobacter 
ugile. Smith (private communication) 
feels that Azotobacter beijerinckii is a 
non-pigmented rough strain of Azoto¬ 
bacter chroococcum. 


Grows in absence of organic nitrogen. 
Rods: 2.0 to 3.0 by 3.0 to 6.0 microns, 
occurring in pairs and packets and oc¬ 
casionally in chains. The cells show 
three or four refractile granules. The 
organisms are surround(Ml by a slimy 
membrane of variable thickness, usually 
becoming brownish in older cultures, due 
{X)ssibly to the conversion of tyrosine to 
melanin. The coloring matter is insolu¬ 
ble in water, alcohol, ether and chloro¬ 
form. Motile by means of numerous 
peritriehous flagella (Hofer, Jour. Bact., 
47 , 1944, 415.) Gram-negative. 

Gelatin colonies: Very small, circular, 
yellow, granular, later becoming yel¬ 
lowish-brown. 

Gelatin stab: Only slight growth in 
the stab. No liquefaction. 

Mannitol Jigar stab: Gray, may become 
brownish. 

Nutrient broth: No growth even in 
the presence of glucose; peptone utilized 
with difficulty. 

Litmus milk: Becoming clearer in 10 
to 14 days. 

Potato: Glossy, barely visible, slimy 


•Revised by Dr. A. W. Hofer, New York State Experiment Station, Geneva, 
New York, June, 1938; further revision by Dr. A. W. Hofer, July, 1943. 
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to wrinkled; may become yellowish, 
brownish-yellow or chocolate brown. 

The organism fixes atmospheric nitro¬ 
gen and gives off CO 2 , utilizing glucose 
and sucrose. Other generally used car¬ 
bon compounds are fructose, maltose, 
mannitol, inulin, dextrin, galactose, 
arabinose, starch, glycerol, ethyl alcohol, 
acetate, butyrate, citrate, lactate, mal- 
ate, propionate and succinate. 

Nitrate: Improves growth in amounts 
less than 1 gm. per liter; greater amounts 
are toxic. 

Fixes nitrogen moderately actively. 
Chemical analysis: Four-day cultures 
grown upon mannitol agar (Greene, 
1935), when dried, are found to contain 
less than 0.5 per cent of hemicclluloses, 
less than 20 per cent of crude protein, 
less than 5 per cent of ash, and more 
than 30 per cent of lignin-like materials. 
The nitrogen fraction contains less than 
1 per cent of amide nitrogen, less than 1 
per cent of humin nitrogen and about 1 
per cent of basic nitrogen. 

Aerobic. 

Optimum temperature 25®C. to 28®C. 
Distinctive characters: Inability to 
grow in peptone media, even in the 
presence of glucose; frequent occur¬ 
rence of a dark brown or black pigment. 
Source: Isolated from soil. 

Habitat: Occurs naturally in the 
majority of neutral or alkaline field soils. 

2. Azotobacter agile Beijermck. 
(Cent. f. Bakt., II Abt., 7, 1901,577.) 
From L. agilis, agile, quick. 

In studies on the chemical composition 
of cells Greene (Soil Sci., 1935, 327) 
found Azotobacler vinelandii Lipman 
(New Jersey Agr. Exp. Sta. Kept., 24, 
1903, 238) to be very similar to Azoto- 
bacter agile Beijerinck. Smith and Loh- 
nis (Jour. Agr. Res., 23, 1923, 401) agree 
and state furthermore that the two are 
identical; they believe also that Azoto¬ 
bacter vilTeum Lohnis and Westermann 
(Cent. f. Bakt., II Abt., 22, 1908, 234) 
is another synonym of Azotobacter agile. 


Smith (private communication) states 
that Azotobacter vitreum is a very weak 
growing, smooth strain of Azotobacter 
agile. Kluyver and van Reenen (Arch. 
Mikrobiol., 4, 1933, 299) feel that a dis¬ 
tinction should be made between Azoto¬ 
bacter agile and Azotobacter vinelandii. 
In regard to the former, Kluyver and 
van den Bout (Arch. Mikrobiol., 7, 1936, 
263) suggest that it be further subdivided 
into Azotobacler agile and Azotobacter 
agile var. atypica, the latter referring to 
an Azotobacter agile form that fails to 
produce pigment. 

Rods: 4 to 6 microns in length, almost 
spherical. Actively motile by means of 
numerous peritrichous flagella (Hofer, 
loc. cit.). Some strains arc reported to 
be non-motile. Gram-negative. 

Grow’s in absence of organic nitrogen. 

Gelatin: No liquefaction. 

Mannitol agar colonies: Circular, gray¬ 
ish white, translucent with whitish 
center. 

Washed agar colonies: Show slight 
bluish-green fluorescence. 

Mannitol agar slant: Grayish, trans¬ 
lucent, fluorescent. 

Plain agar slant: Yellowish-white, 
smooth, glistening, translucent with 
opaque center. 

Broth: Turbid, with sediment. 

Litmus milk: Becoming clear in 10 to 
14 days. 

Potato: Yellowish-w'hite, slimy, be¬ 
coming yellow'ish-brown. 

In the presence of organic acids, a 
greenish or reddish pigment is formed. 

The organism fixes atmospheric nitro¬ 
gen actively, and gives off CO*. 

Aerobic. 

Chemical analysis: Four-day cultures 
grown upon mannitol agar (Greene, 1935), 
when dried, contain more than 4 per cent 
of hemicelluloses, more than 45 per cent 
of crude protein, more than 7 per cent 
of ash, and less than 4 per cent of lignin¬ 
like materials. The nitrogen fraction 
contains more than 1 per cent amide 
nitrogen, more than 1 per cent humin 
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nitrogen, and 2 per cent or more of basic 
nitrogen. 

Optimum temperature 25°C to 28®C. 

Distinctive characters: Lack of a 
bro\\Ti pigment; occasional fluorescence; 
growth in peptone broth containing 
glucose. 

Source: Originally isolated from canal 
water at Delft. 

Habitat: Occurs in water and soil. 

3. Azotobacter Indlcum Starkey and 
De. (Soil Sci. 47, 337, 1939.) From L. 
indicus, of India. 

Rods: Ellipsoidal, from 0.5 to 1.2 by 1.7 
to 2.7 microns when grown on nitrogen 
free glucose agar. One of the distinctive 
characteristics is the presence of two 
large, round, highly refractive bodies in 
the cells, one usually at each end. Mo¬ 
tile by means of numerous peritrichous 
flagella (Hofer, loc. cit.). Gram-nega¬ 
tive. 

The organism grow’s slowly but in 
time produces large amounts of slime. 


Has high acid tolerance, since it grows 
from pH 3 to 9. 

Sucrose or glucose agar plates: Colonies 
are colorless, round, very much raised, 
and uniformly turbid, having much the 
appearance of heavy starch paste. Af¬ 
ter two weeks, a buff to light brown color 
develops. 

Mannitol agar slant: Grows very 
poorly. 

Peptone agar slant with 0.5 per cent 
glucose: Limited grayish growth. 

Nutrient broth: No growth. 

Liquid media generally: Turbidity 
with some sediment. 

Fixes atmospheric nitrogen readily 
with either glucose or sucrose as source 
of energy. 

Aerobic. 

Optimum temperature: 30®C. 

Distinctive characters: Tolerance of 
acidity, wide limits of pH tolerated, 
abundant slime production, large glob¬ 
ules of fat within cells. 

Source: Soils of India. 

Habitat: Soils. 


Appendix I: The relationship of the following species to the species placed in Azo~ 
tobacler is not yet entirely clear. 


Genus Azotomones Stapp. 

(Cent. f. Bakt., II Abt., 1940, 18; not Azotomonas Orla-Jensen, Cent. f. Bakt., 

II Abt., £4, 1909, 484.) 

Rod to coccus-shaped aerobic bacteria, motile by means of 1 to 3 polar flagella. No 
endospores. No fat-like reserve food granules in the cells. Form acid and gas from 
glucose, and other sugars and alcohols. Form indole. Chemo-heterotrophic. Many 
carbon compounds other than sugars used as sources of energy. Active in the fixation 
of atmospheric nitrogen. Live in soil. From Gr. azous, not living, French, azote, 
nitrogen; Greek, monos, a unit; M. L. monad. 

The typo species is Azotomonas insoliia. 


Azotomonas InsoUta Stapp. (Ab¬ 
stracts of Communications, Third In- 
ternat. Congr. for Microbiol., Sect. VIII, 
1939, 306; abst. in Proc. Soil Sci. Soc. of 
America, 4, 1939, 244; Cent. f. Bakt., II 
Abt., 102,1940,1.) From Latin insolitus, 
unusual. 

Coccoid rods: 0.6 to 1.2 by 0.6 to 1.8 


microns. Motile with one to three polar 
flagella. Gram-negative. 

Gelatin: No liquefaction. 

Agar slant: Glistening white growth. 
Agar colonies: Flat, whitish, edge 
entire. Weakly fluorescent. 

Broth: Strong turbidity. Sediment. 
Pellicle. 
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Milk: No change. 

Potato: Growth somewhat dry, not 
slimy, dirty gray, spreading. 

Nitrites produced from nitrates. 

Fixes nitrogen. 

Ammonium salts utilized. 

Acid and gas from adonitol, arabinose, 
dextrin, glucose, galactose, glycerine, 
inositol, lactose, fructose, maltose, man¬ 
nitol, mannose, rafhnosc, rhamnose, sali- 
cin, sorbitol, starch, sucrose and xylose. 


Starch is hydrolyzed. 

Hydrogen sulfide produced. 

Optimum temperature 25® to 30®C. 
Minimum 7® to 9.5®C. Maximum 48®C. 
Good growth at 37°C. Thermal death 
point 60®C. 

Limits of pH 3.3 to 9.5. 

Aerobic. 

Source: From a mixture of chopped 
cotton husks and rice hulls. 

Habitat: Soil. 
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FAMILY IV. RHIZOBIACEAE CONN. 

(Jour. Bact., 36, 1938, 321.) 

Cells without enciospores, rod-shaped, sparsely flagellated (one polaror lateral flagel¬ 
lum, or 2 to 4 peritrichous ones); some species non-motilc. Usually Gram-negative. 
One gcmis {Chromobac ter him) produces a violet pigment. Grow aerobically on ordi¬ 
nary culture media containing glucose. Glucose and sometimes other carbohydrates 
are utilized, without appreciable acid formation. Saprophytes, symbionts and 
pathogens. The latter are usually plant pathogens forming abnormal growths on 
roots and stems. 

Key to genera of family Rhizobiaceae. 

I. Cells capable of fi.\ing free nitrogen when growing symbiotically on the roots of 
Leguminosae. 

Genus I. Rhizobium, p.22Z. 

II. Either plant pathogens which attack roots or produce hypertrophies on stems; or 
free-living non-chromogenic soil or water forms. Do not fix nitrogen. 

Genus II. Agrobacterium, p. 227. 

III. Usually free-living soil and water forms which produce a violet chromogcnesis. 

Genus III. Chromobacterium, p. 231. 

Genus I. Rhizobium Frank.* 

{Phytomyxa Schroeter, in Cohn, Kryptogamen-Flora von Schlesien, 3, 1886, 134; 
Frank, Ber. d. deut. bot. Gescllsch., 7, 1889, 380; Rhizobaclerium Kirchner, Beitr. z. 
Biol. d. Pflanzen, 7, 1895, 221; Rhizomonas Orla-Jenscn, Cent. f. Bakt., II Abt., 22, 
1909, 328.) From Greek rhiza, root; bios, life. 

Rods: 0.5-0.9 by 1.2-3.0 microns. Motile when young, commonly changing to bac- 
teroidal forms (a) upon artificial culture media containing alkaloids or glucosides, or 
in which acidity is increased; or (b) during symbiosis within the nodule. Gram¬ 
negative. Aerobic, hetcrotrophic, growing best with extracts of yeast, malt or other 
plant materials. Nitrates may be reduced to nitrites. Nitrites are not utilized. 
Gelatin is not liquefied or is very slightly liquefied after long incubation. Optimum 
temperature 25®C. This group is capable of producing nodules on the roots of 
Leguminosae, and of fixing free nitrogen during this symbiosis. 

The type species is Rhizobium leguminosarum Frank. 

Key to Ike species of genus Rhizobium. 

1. Litmus milk alkaline. 

a. Formation of serum zone in milk. 

b. Moderate growth, slight acid reaction on yeast water agar plus mono-, di- 
and trisaccharides. 

c. Causes formation of root nodules on species of the genera Lathyrus, 
Pisum, Vida and Lens. Bactcroids irregular with x, y, star-, and 
club-shaped forms; rods peritrichous when young. 

1. Rhizobium leguminosarum. 

cc. Causes formation of root nodules on Phaseolus vulgaris, P. multiflorus 
and P. angustifolius. Bactcroids vacuolated rods, few branched 
forms; young cells peritrichous. 

2. Rhizobium phaseoli. 

• The genus Rhizobium was revised by Dr. and Mrs. 0. N. Allen under the direction 
of Prof. E. B. Fred and Prof. I, L. Baldwin, Univ. of Wisconsin, Madison, Wis., Jan., 
1938; further revision by Dr. O. N. Allen, Jan., 1943. 
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ccc. Causes formation of nodules on species of genus Trifolium. Bac- 
teroids pear-shaped, swollen, vacuolated. Pentoses usually not 
fermented. 



3. Rhizobium irifolii. 

aa. No serum zone formed in milk. 

b. Scant growth, alkaline reaction on yeast water agar plus most carbohydrates, 
c. Causes formation of nodules on species of genus Lupinus and on Orm- 
thopus saiivus. Bacteroids vacuolated, rods seldom branched. 

4. Rhizobium lupini. 

cc. Causes formation of nodules on Soja max. Bacteroids long slender 
rods, seldom vacuolated or branched; young cells monotrichous. 

5. Rhizobium japonicum.* 

Litmus milk acid. 

a. Formation of serum zone in milk. 

b. Moderate growth, slight acid reaction on yeast water agar plus mono-, di- 
and trisaccharides. 

c. Causes formation of root nodules on species of the genera Melilotus, 
Medicago, and Trigonella. Bacteroids club-shaped, branched, young 
cells peritrichous. 


6. Rhizobium meliloii. 




1. Rhizobium leguminosarum Frank 
emend. Baldwin and Fred. (Frank, 
Landwirtschaftliche Jahrbiicher, 19, 1890, 
563; Rhizobium polymorphum Dangcard, 
Rhizobium fabae Dangeard, Le Botaniste, 
S^r. 16, 1926,192-194; Baldwin and Fred, 
Jour. Bact., 17, 1929, 146.) From Latin, 
of the legume family (Leguminosae). 

Note: The following binomials have 
been used for species of this genus. The 
names given were used by their authors 
to cover one or more of the species here 
recognized as belonging to the genus 
Rhizobium. Where a question mark (?) 
is used it indicates that the species was 
too poorly described to be recognizable 
today. Schinzia celluUcola Frank, 1877 
(all species) Leunis, Synopsis der drei 


Naturreiche. 2 Thcil, Botanik, III Abt., 
Kryptogamen, Sec. 914, 1877, 1944; 
Schinzia leguminosarum Frank (all spe¬ 
cies), Bot. Ztg., 37, 1879, 377; Pkylo- 
myxa leguminosarum Schroeter (all ex¬ 
cept Rhizobium lupini), \n Cohn, Krypto- 
gamen-Flora von Schlesien, 5, I, 1886, 
135; Bacillus radicicola Beijerinck (all 
species),Bot.Ztg.,45,1888,726; Bacillus 
fabae Beijerinck (from broad bean) and 
Bacillus ornithopi Beijerinck (from ser- 
radella), Bot. Ztg., 4S, 1890, 837; Clado- 
chytrium iuberculorum Vuillemin (all 
species?), Ann. Sci. Agron. Franc, et 
Etrang., 6, I, 1888, 193; Bacterium 
radicicola Prazmowski (all species), 
Landw. Vers. Sta., 57, 1890, 204; Rhizo¬ 
bium mutabile Schneider (several species) 
Rhizobium curvum Schneider (?), Rhizo- 


* No specific name has been proposed for the organism causing the formation of 
nodules on plants that are members of the so-called “cowpea” group. Data showing 
possible inter-relationships of certain plant species of the soybean and cowpea cross¬ 
inoculation groups prompted Walker and Brown (Soil Science, 39, 1935, 221-225) to 
propose a consolidation of the two groups to be recognized as being inoculated by a 
single species, Rhizobium japonicum. Results obtained recently by Reid and Bald¬ 
win (Proc. Soil Sci. Soc. Amer. for 1936, 1, 1937,219) show these inter-relationships to 
include the lupine group also. 
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bium frankii var. rnajus and var. mi¬ 
nus Schneider (?), Rhizobuim nodosum 
Schneider (?), Rhizobium dubium 
Schneider (?), Bui. Torrey Bot. Club, 
J9, 1S92, 213; Rkizobiurn sphaeroides 
Schneider (?), Ber. deut. bot. Geselt., 12, 
1894, 16; Bacillus tuberigenus Gonncr- 
mann and Micrococcus tuberigenus Gon* 
nermann, Landw. Jahrb., 23, 1894 , 654, 
657, are thought by Fred, Baldwin and 
McCoy (University of Wisconsin, Stud¬ 
ies in Science, No. 5,1932,140) not to be 
true nodule organisms and to be too 
poorly described to be recognizable to¬ 
day; Rkyzobium pasteurianum Maz6 (all 
species), Ann. Inst. Pasteur, IS, 1899, 
146; Pseudorhizobium ramosinn Hartleb 
(?) (Chem. Zeit., 24, 1900, 887) (used 
for noninfective culture claimed by 
Stutzer (Mitt. Landw. Inst. Breslau, 1, 
Heft 3,1900, 63) to be genuine root nod¬ 
ule organism); Rhizobium radicicola 
Hiltner and Stormer (several species) 
and Rkizobiinn beijerinckii Hiltner and 
Stormer (from lupine, serradella and soy 
bean), Arb. Biol. Abt. f. Land-u. Forst- 
wirthschaft a. K. Gesundheitsamte, 5, 
1903, 269; Pseudomonas radicicola Moore 
(all species), U. S. Dept. Agr. Bur. 
Plant Ind., Bui. 71,1905,27; Rhizomonas 
beijerinckii Orla-Jensen and Rhizomonas 
radicicola Orla-Jensen (see Hiltner and 
Stormer), Cent. f. Bakt., II Abt., 22, 
1909, 328; Bacillus or Bacterium radici¬ 
cola Lohnis and Hansen (peritrichous 
species), Jour. Agr. Research, 20, 1921, 
554; Rhizobium radicicolum Bergey et al., 
Manual, 1st ed., 1923, 40 (monotrichous 
species); Rhizobium loti Dangeard (from 
lotus), Rhizobium simplex Dangeard 
(from sainfoin), Rhizobium lorulosum 
Oangeard (from Scotch broom), Le 
Botaniste, S6r. 10, 1926, 195-197. 

Rods: 0.6 to 0.9 by 1.2 to 3.0 microns. 
Motile with peritrichous flagella. Bac- 
teroids commonly irregular with x, y, 
star- and club-shaped forms. Vacuolate 
forms predominate. Gram-negative. 

Growth on mannitol agar is rapid, with 
tendency to spread. Streak is raised. 


glistening, semi-translucent, white, slimy 
and occasionally viscous. Considerable 
gum is formed. 

Slight acid production from glucose, 
galactose, mannose, lactose and maltose. 

Aerobic. 

Optimum temperature 25®C. 

Source: Root nodules on Lathyrus, 
Pisum (pea), Vida (vetch) and Lens 
(lentil). 

Habitat: Widely distributed in soils 
where the above mentioned legumes are 
grown 

2. Rhizobium phaseoli Dangeard. (Le 
Botaniste, S6r. JG, 1926, 197.) From 
I^tin, phaseolus, bean; M. L. Phaseolus, 
a generic name. 

Rods: Motile with peritrichous fla¬ 
gella. Bacteroidsare usually rod-shaped, 
often vacuolated with few branched 
forms. Usually smaller than in Rhizo¬ 
bium leguminosarum and R. trifolii. 
Gram-negative. 

Growth on mannitol agar is rapid with 
tendency to spread. Streak inoculation 
is raised, glistening, semi-translucent, 
white, slimy. Occasionally mucilagi¬ 
nous but this character is not so marked 
as in Rhizobium trifolii. 

Very slight acid formation from glu¬ 
cose, galactose, mannose, sucrose and 
lactose. 

Aerobic. 

Optimum temperature 25®C. 

Source: Root nodules of Phaseolus 
vulgaris (kidney bean), P. anguslifolius 
(bean) and P. multifiorus (scarlet run¬ 
ner). (Burrill and Hansen, III. Agr. 
Exp. Sta. Bui. 202, 1917, 137.) 

Habitat: Widely distributed in the 
soils in which beans are grown. 

3. Rhizobium trifolii Dangeard. (Le 
Botaniste, S6r. 16, 1926, 191.) From 
M. L. Trifolium, a generic name. 

Rods: Motile with peritrichous fla¬ 
gella. Bacteroids from nodules are pear- 
shaped, sw'ollen and vacuolated. Rarely 
X and y shapes. Gram-negative. 
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Growth on mannitol agar is rapid. The 
colonics are white becoming turbid with 
age. Frequently mucilaginous. Streak 
cultures transparent at first. Growth 
mucilaginous later llowing down the 
agar slant and accumulating as a slimy 
mass at the bottom. Produces large 
amounts of gum. 

Slight acid production from glucose, 
galactose, mannose, lactose and maltose. 
Aerobic. 

Optimum temperature 25®C. 

Source: Root nodules of species of 
Trifolium (clover). 

Habitat: Widely distributed in the 
soils where clover grows. 

4. Rhizobium lupini (Schroetcr) Eck- 
hardt, Baldwin and Fred. {Phytonvjxa 
lupini Schroetcr, in Cohn, Kryptogamcn- 
Flora von Schlesicn, 3, I, 1886, 135; 
Rhizobium tninimum Dangeard, Le Bo- 
tanistc, Ser. 16, 1926, 198; Eckhardt, 
Baldwin and Fred, Jour. Buct., 21, 1931, 
273.) From Latin, Lupinus, lupine. 

Rods: Motile with flagella 1 to 4, usually 
2 or 3. Bacteroids are vacuolate rods, 
seldom if ever branched. Gram-negative. 

Growth on yeast water, mannitol agar 
is scant to moderate with alkaline 
reaction. 

Beef-peptone gelatin: Little growth 
with extremely slow liquefaction. 

On galactose an alkaline reaction serves 
to differentiate Rhizobium lupini from 
all fast-growing rhizobia {R. phaseoli, 
R. meliloti, R. trifolii, and R. legumino- 
sarurn). An initial alkaline reaction fol¬ 
lowed more quickly by an acid reaction 
on rhamnose and xylose separates R. 
lupini from slow-growing R. japonicum 
and the Rhizobium sp. from cow pea. 

In general Rhizobium lupini produces 
slight to moderate acidity on pentose 
sugars and no change or alkaline reaction 
on hexoses, disaccharides and trisac¬ 
charides. 

Litmus milk: No serum zone, no re¬ 
duction, and a slight alkaline reaction. 


Meager growth on potato and parsnip 
slants, and carrot agar. 

Aerobic. 

Optimum temperature 25°C. 

Source: Root nodules on Lupinus 
(lupine), Serradella and Ornilkopus. 

Habitat: Widely distributed in soils 
in which these legumes grow. 

5. Rhizobium japonicum (Kirchner) 
Buchanan. (Rhizobacterium japonicum 
Kirchner, Beitriige zur Biol. d. Pflanzen, 
7, 1895, 213; Pseudomonas japonica 

Lohnis and Hansen, Bacterium japoni¬ 
cum Lohnis and Hansen, Jour. Agr. 
Res., 20, 1921, 551; Rhizobium sojae 
Dangeard, Le Botaniste, Ser. 16, 1926, 
200; Buchanan, Proc. Iowa Acad. Sci., 
33, 1926, 81.) From M. L., of Japan. 

Rods: Motile with monotrichous fla¬ 
gella. Bacteroids of nodules are long 
anti slender withonly occasional branched 
and swollen forms. Gram-negative. 

Growth on mannitol agar is slow and 
scant. The streak is slightly raised, 
glistening, opaque, white, butyrous, with 
little gum formation. 

Pentose sugars give better growth than 
the hexoses. 

Little if any acid formed from carbo¬ 
hydrates. Acid slowly formed from 
xylose and arabinose. 

Aerobic. 

Optimum temperature 25®C. 

Source: Root nodules on Soja max 
(soy bean). 

Habitat: Widely distributed in soils 
where soy beans are grown. 

6. Rhizobium meliloti Dangeard. (Le 
Botaniste, S6r. 16, 1926, 194.) From 
Greek, melilot, a kind of clover; M. L., 
Melilotus. 

Rods: Motile with peritrichous fla¬ 
gella. Bacteroids club-shaped an 
branched. Gram-negative. 

Growth on mannitol agar is fairly rapi 

The streak is raised, glistening, opaque, 
pearly white, butyrous. Considerab e 

gum is formed. 
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Acid from glucose, galactose, mannose Note : See Monograph on Root Nodule 
and sucrose. Bacteria and Leguminous Plants by E. 

Aerobic. B. Fred, I. L. Baldwin and P'lizabcth 

Optimum temperature 25'’C. McCoy, University of Wisconsin Studies 

Source: Root nodules of Mclilotus in Science, Madison, No. 5, 1932, xx 4- 
(sweetclover),.1/cd/ca^o,and Tn'goncUa. 3^3 pp. fora more complete discussion of 
Habitat: Widely distributed in soils this group with an extensive bibliogra- 
in which these legumes grow. phy. 

Genus II. Agrobacterium Conn.* 

(Jour. Bact., 44} 1942, 359.) From Greek, agrus, a field; M.L., bacterium, a small 

rod. 

Small, short rods which are typically motile with 1 to 4 peritrichous flagella (if 
only one flagellum, lateral attachment is as common as polar). Ordinarily Gram¬ 
negative. On ordinary culture media, they do not produce visible gas nor suflicient 
acid to be detectable by litmus. In synthetic media, enough CO^ may be produced to 
show acid with brom thymol blue, or sometimes with brom cre.sol purple. Gelatin 
is either very slowly liquefied or not at all. Free nitrogen cannot be fixed; but other 
inorganic forms of nitrogen (nitrates or ammonium salts) can ordinarily be utilized. 
Optimum temperature, 25® to 30®C. Habitat: Soil, or plant roots in the soil; or the 
stems of plants where they produce hypertrophies. 

The type species is Agrobacterium lumefaciens (Smith and Townsend) Conn. 

Key to the species of genus Agrobacterium. 

I. Plant pathogens. Produce browning of mannitol-calcium-glycerophosphate agar. 
Nitrate reduction weak or none. 

A. Nitrite produced from nitrate to a slight extent. Galls produced on plant roots. 

1. Agrobacterium tumefaciens. 

B. Nitrite not produced from nitrate. 

1. Pathogenic to apples. 

2. Agrobacterium rhizogenes. 

2. Pathogenic to raspberries and blackberries. 

3. Agrobacterivm rubi. 

II. Not pathogenic to plants. Produces browning in mannitol-calcium-glycerophos¬ 
phate agar. Nitrate reduction vigorous, with disappearance of the nitrate. 

4. Agrobacterium radiobacter. 

1. Agrobacterium tumefaciens (Smith 1923, 189; Conn, Jour. Bact., 44} 1942, 
and Townsend) Conn. {Bacterium tume- 359.) From Latin tumefaciens, swcll- 
faciens Erw. Smith and Townsend, Sci- ing up, producing a tumor, 
ence, N. S. 26, 1907, 672; Pseudomonas Probable synonyms: Bacillus ampelup- 
tumefaciens Stevens, The Fungi which sorae Trevisan, in Saccardo, Sylloge 
Cause Plant Disease, 1913, 35; Bacillus Fungorum, 8, 1889 , 983; Bacillus arn- 
tumefaciens Holland, Jour. Bact., 6, 1920, pelopsorae Trevisan emend. Cavara, Staz. 
220; not Bacillus lumefaciens Wilson, Sperim. Agara. Ital. Modena, SO, 1897, 
Lancet, 1, 1919, 676; Phytomonas tume- 483; see Elliott, Bact. Plant Pathogens, 
faciens Bcrgey et al., Manual, Ist ed., 1930, 235. 

• Prepared by Prof. H. J. Conn, New York State Experiment Station, Geneva, 
New York, September, 1943. 
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Among the synonymslistcd in previous 
editions of the Manual has been Poly- 
monas iumcjacicns Lieske, Cent. f. 
Bakt., I Abt..Orig., 108,1928,118. This 
is only a partial synonym, however, as 
its author described it as the cause of 
animal and human cancer, of which he 
regarded crown-gall of plants as merely 
a phase: for the origin of this theory, see 
Smith and Townsend, Sci., N.S. 55, 1907, 
671, and Smith, Jour. Cancer Res., 7, 
1922, 1-105. 

Description taken from the following: 
Riker, Banficld, Wright, Keitt and 
Sagen, Jour.' Agr. Res., 1930, 507; 
Sagen, Riker and Baldwin, Jour.Bact., 
58, 1931, 571; Hendrickson, Baldwin and 
Riker, Jour. Bact., 58, 1934, 597. 

Rods: 0.7 to 0.8 by 2.5 to 3.0 microns, 
occurring singly or in pairs. Capsules. 
Motile with 1 to 4 flagella. Gram- 
negative. 

Agar colonies: Small, white, circular, 
smooth, glistening, translucent, entire. 

Broth: Slightly turbid, with thin pel¬ 
licle. 

Litmus milk: Slow coagulation. Lit¬ 
mus reduced. Neutral to alkaline. 

Nitrites produced from nitrates to a 
very slight extent. 

Indole: Slight amount. 

Slight acid from glucose, fructose, 
arabinose, galactose, mannitol and salicin. 
Starch not hydrolyzed. 

Optimum temperature 25® to 28®C. 
Facultative anaerobe. 

Distinctive characters: Causes a gall 
formation parenchymatous in character 
which because of its soft nature is sub¬ 
ject to injury and decay. 

Agrobacteriu7n tuniefaciens strongly ab¬ 
sorbs Congo red and aniline blue in con¬ 
trast to little or no absorption by A. 
Thizogenes. A. tumefaciens makes abun¬ 
dant growth on sodium selenite agar and 
calcium glycerophosphate medium with 
mannitol in contrast to no growth or a 
very slight trace by A. rhizogenes (Hen¬ 
drickson et al., Jour. Bact., 58, 1934, 
697). 


Source: Isolated from galls on plants. 
Habitat: Causes galls on Paris daisy 
and cross-inoculable on over 40 families. 

2. Agrobacterium rhizogenes (Riker 
et al.) Conn. {Bacterium rhizogenes 
Riker, Banficld, Wright, Keittand Sagen, 
Jour. .“Vgr. Res., 1930, 536; Phyto- 
ynonas rhizogenes Riker et al., ibid., 
536; Pseudomonas rhizogenes Riker et 
al., ibid. 536; Conn, Jour. Bact., hh, 1942, 
359.) From Greek, rhiza, root; genes, 
producing. 

Rods; 0.4 by 1.4 microns, occurring 
singly. Motile with one to 4 flagella. 
Encapsulated. Not acid-fast. Gram- 
negative. 

Gelatin: No liquefaction. 

Agar colonics: Circular, smooth, con¬ 
vex, finely granular; optical characters, 
translucent through gray to almost white. 

Agar slant: Moderate, filiform, trans¬ 
lucent, raised, smooth, slimy. 

Broth: Turbid, with heavy pellicle. 
Litmus milk: Acid, slow reduction. 
Indole not formed. 

Nitrites not produced from nitrates. 
Acid but not gas from arabinose, xy* 
lose, rhamnose, glucose, galactose, man¬ 
nose, maltose, lactose, salicin and ery- 
thritol. No acid or gas from fructose, 
sucrose, raffinose, melezitosc, starch, 
dextrin, inulin, acsculin, dulcitol or man¬ 
nitol. 

Starch not hydrolyzed. 

Optimum temperature 20® to 28 C. 
Aerobic. 

Distinctive characters: Agrobacteriuni 
rhizogenes differs from Agrobacterium 
tumefaciens by stimulating root forma¬ 
tion instead of soft parenchymatous 

crown galls. A. rhizogenes lacks ability 
of A. (»me/aciens to utilize simp® 
nitrogenous compounds as KNOj. 
rhizogenes absorbs congo red and brom 
thymol blue slightly and aniline blue not 
at all. Will not grow on sodium selenite 
agar (see A. tumefaciens for response 
to same materials). Does not infect 

tomato. 
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Sources: Description made from ten 
cultures isolated from hairy-root of apple 
and other plants. 

Habitat: Pathogenic on apple, etc. 

3. Agrobacterium rubl (Hildebrand) 
Starr and Weiss. {Phylonionas rubi 
Hildebrand, Jour. Agr. Res., 61, 1940, 
694; Bacterium rubi Hildebrand, ibid., 
694; Pseudomonas rubi Hildebrand, ibid., 
694; Banfield, Phytopath., SO, 1930, 123; 
Pinckard, Jour. Agr. Res., 60, 1935, 933; 
Starr and Weiss, Phytopath., S3, 1943, 
316.) From Latin, rubus, blackberry 
bush; M. L., Rubus, a generic name. 

Rods: 0.6 by 1.7 microns. Singly, in 
pairs or short cliains. Motile with 1 to 4 
flagella. Gram-negative. 

Gelatin: No liquefaction. 
Potato-mannitol-agar slants: Growth 
slow, moderate, filiform, white to creamy- 
white, with butyrous consistency later 
becoming leathery. 

Broth: Turbid in 36 to 48 hours. 

Milk: A slight serum-zone, pink color, 
acid and curd formed. 

Nitrites not produced from nitrates. 
Ferric ammonium citrate, uric acid, 
oxaraide, succinimide, l-asparagine, 1- 
tyrosine, l-cystine, d-glutamic acid and 
yeast extract can be used as a source of 
nitrogen (Pinckard, loc. cit.). 

Hydrogen sulfide not formed. 

Indole not formed. 

Acid from glucose, d-galactose, d- 
mannose, d-fructose, d-xylosc, d-arabin- 
ose, sucrose, and maltose. None from 
lactose (Pinckard, loc. cit.). 

Starch not hydrolyzed. 

Optimum temperature 28®C. Mini¬ 
mum 8®C. and maximum 36®C. (Pinck¬ 
ard, loc. cit.). 

Distinctive characters. Differs from 
Agrobacteriuin tumefaciens in that it 
does not utilize nitrates, and grows much 
more slowly on ordinary media. Infects 
only members of the genus Rubus. Starr 
and Weiss (Phytopath., SS, 1943, 317) 
state tliat this species unlike Agrobac- 
terium tumefaciens and Agrobacterium 


rhizogenes does not utilize asparagin as a 
sole source of carbon and nitrogen. 

Source: Isolated by Banfield {loc. cit.) 
and by Hildebrand {loc. cit.) from rasp¬ 
berry canes, Rubus spp. 

Habitat: Pathogenic on black and 
purple cane raspberries, and blackberries, 
and to a lesser extent on red raspberries. 

4. Agrobacterium radiobacter (Bei- 
jerinck and van Delden) Conn. {Bacillus 
radiobacter Beijerinck and van Delden, 
Cent. f. Bakt., II Abt., 9, 1902, 3; Bac¬ 
terium radiobacter Lohnis, Cent. f. Bakt., 
II Abt., 14, 1905 , 589; B/iizobium radio¬ 
bacter Pribram, Klassifikation der Scldzo- 
myceten, Leipzig, 1933,53 ;/lc/iromobacter 
radiobacter Bergey et al., Manual, 4th ed., 
1934, 230; Alcaligenes radiobacter Conn, 
in Manual, 5th ed., 1939, 97; Conn, Jour. 
Bact.,44,1942,359.) FromLatin,radius, 
the spoke of a wheel; Latin, bactrum, 
a rod. 

Small rods, 0.15 to 0.75 by 0.3 to 2.3 
microns, occurring singly, in pairs and 
under certain conditions, in star-shaped 
clusters. Motile with one to four flagella. 
Prevailingly Gram-negative; but an occa¬ 
sional culture is variable. 

Nutrient gelatin stab: No liquefaction. 

Agar slant: Flat, whitish slimy layer. 

Mannitol-calcium-glyccrophosphate- 
agar streak plates: Abundant, raised, 
slimy growth surrounded by a brown 
halo with an outer zone of white precip¬ 
itate (Riker et al.. Jour. Agr. Res., 4U 
1930, 524). 

Broth: Turbid; with heavy ring or 
pellicle if veal infusion is present. 

Litmus milk: Scrum zone with pellicle 
in one week; usually turns a chocolate 
brown in 2 weeks; same in plain milk, 
but with less browning. 

Potato: Raised slimy mass becoming 
brownish; potato may be browned. 

Nitrates disappear (assimilated or 
reduced). 

Starch not hydrolyzed. 

No organic acid or visible gas from 
sugars; nearly all sugars, glycerol and 
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mannitol arc utilized with the produc¬ 
tion of CO 2 . 

Optimum temperature 2S®C. Mini¬ 
mum near Maximum 45®C. 

Aerobic. 

Media containing KNOj, and 

fjllyceroU ethyl or propyl alcohol become 
alkaline to phenol red. (Sajien, Hiker 
and Baldwin, Jour. Bact., 28, 1034, 571.) 

Growth occurs in special alkaline media 
of pH 11.0 to 12.0 (Ilofer, Jour. Amer. 

Soc. Agron., 27, 1935, 228). 

Hydrogen siilfide produced if grown in 

ZoBell and Feltham’s medium {Jour. 

Bact., 28, 1934, 1C9). 

Distinctive characters: Browning of 

mannitol-calcium-glycerophosphate agar. 

Inability to cause plant disease or to 
produce nodules on roots of legumes. 
Complete utilization (disappearance of 
nitrate) in the peptone-salt medium of 
Hiker et al. (Jour. .4gr. Hes., 4G 1030, 
529) and failure to absorb congo red 
(ibid., 528). 

The species bears at least superficial 
resemblances to certain RItizobium app-, 
but may be distinguished from them by 
the first two characters listed above, and 
the following in adtlition: Growtli at a 
reaction of pH 11-12. Heavy ring or 
pellicle formation on veal infusion broth. 
H 2 S production in the mannitol-tryptone 
medium of ZoBell and Feltham (loc. cit.). 
Production of milky white precipitate 

on nitratc-glyccrol-soil-extract agar. 

Source: Isolated from soil. 

Habitat: Soil, around the roots of 
plants, especially legumes. 

Note: Palacios and Bari (Proc. Indian 
Acad. Sci., 3, 1936, 362; Abs. in Cent. f. 
Bakt., H Abt., 95, 1937, 423) have de¬ 
scribed Bacillus conconnlatis as a sym¬ 
biont from legume nodules that has no 
power to fix nitrogen although it is very 
much like legume nodule bacteria (Rhizo- 
biuin spp.). This organism resembles 
Agrohacterium radiobacler. 


Appendix: The following species prob¬ 
ably belong in Agrobactcrium, but are not 
sufficiently well described to make their 
relationship certain. 

1. Agrobacterium gypsophilae (Brown) 
Starr and Weiss. {Baclcrium gypsophilae 
Brown. Jour. Agr. Hes.. 1934. 1109; 
Rseudomonas gypsuphilae Stapp, Bot. 
Hev., 1, 1935, 407; Phylomotias gypso- 
philac Stapp, ibid., 407; Starr and Weiss, 
Phytopath., 53. 1943, 316.) From M. L., 
Gypsophila, a generic name. 

Rods: 0.2 to O.S by 0.4 to 1.4 microns. 
Motile with 1 to 4 flagella. Capsules. 
Gram-negative. 

Gelatin: Liquefaction slow, beginning 
after 1 month. 

Beef-infusion agar colonies: Circular, 
Naples yellow, smoothor rough, butyrous. 
Broth : Turbid in 24 hours. 

Milk: Coagulation and peptonization. 
Nitrites are produced from nitrates. 
Indole not produced. 

Hydrogen sulfide: A trace may be 
produced. 

.Acid but not gas from glucose, sucrose, 
niiiltosc, mannitol and glycerol. No acid 
from lactose. 

Starch not hydrolyzed. 

Aerobic, facultative. 

Distinctive characters: Differs from 
Xantkomonas beticola in starch hydrol¬ 
ysis, H-S production, and will not cross- 
inoculate with this species. 

Source: Isolated from several galls on 
Gypsophila. 

Habitat: Produces galls in Gypsophila 
paniculata and related plants. 

2. Bacteriumpseudotsugae Hansen and 
Smith. (Hansen and R .E. Smith, Hil- 
gardia, 10, 1937, 576; Phytomonas pseu¬ 
dotsugae Burkholder, in Alanual, 5th ed., 
1939, 209.) From M. L., Pseudotsuga, 
a generic name. 

Rods: 0.5 to 1.5 by 1.9 to 3.9 microns. 
Probably motile; type of flagellation 
doubtful. Gram-negative. 

Gelatin: Liquefied. 
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Nutrient agar slant: Growth scanty, 
fiat, glistening, smooth, translucent, 
whitish. 

Broth: Growth slight. No sediment. 
Milk: No acid. 

Nitrites produced from nitrates. 
Hydrogen sulfide production slight. 
Acid but not gas from glucose, fruc¬ 


tose, galactose and maltose. No acid or 
gas froni lactose, sucrose or glycerol. 

Starch not hydrolyzed. 

racultative aerobe. 

Source: Isolated from galls on Douglas 
fir in California. 

Habitat: Pathogenic on Douglas fir, 
Pseudotsuga taxifolia. 


Genus III. Chromobacterium Bergonzini.* 

(Ann. Societa d. Naturalisti in Modena, Ser. 2, 14 , 18S1, 153.) Greek, chroma, 
color; M. L., bacterium, a small rod. 

Rods, 0.4 to 0.8 by 1.0 to 5.0 microns. IMotilc with 1 to 4 or more flagella. Gram¬ 
negative. A violet pigment is formed which is soluble in alcohol, but not in water or 
chloroform. Grow on ordinary culture media, usually forming acid from glucose, 
sometimes from maltose, not from lactose. Gelatin is liquefied. Indole is not pro¬ 
duced. Nitrate usually reduced to nitrite. Optimum temperature 20-25'’(^ but 
some grow well at 37®C. Usually saprophytic soil and water bacteria. 

The type species is Chromobnetcrium violaceum (Schroeter) Bergonzini. 


Key to the species of genus Chromobacterium. 

I. Motile rods. Single flagellum. 

A. Acid from glucose and maltose. No acid from sucrose. Nitrites produced 
from nitrates. No growth at 37®C. 

1. Chroynobaclcrium violaceum. 

II. Motile rods. Flagella generally peritrichous. 

A. Acid from glucose. Nitrites generally not produced from nitrates. Good 

growth at 37®C. 

2. Chromobacleriu7n ianthinum. 

B. Generally no acid from glucose. Nitrites produced from nitrates. No 

growth at 37®C. 

3. Chromohacierium amethystinum. 


1- Chromobacterium violaceum 
(Schroeter) Bergonzini. {Bacteridium 
violaceum Schroeter, Beitriigc z. Biol. d. 
Pflanzen, i. Heft 2, 1872, 126; Micro¬ 
coccus violaceus Cohn, Beitnige z. Biol, 
d. Pflanzen, 1, Heft 2, 1872, 157; Cromo- 
bacterium violaceum (sic) Bergonzini, 
Ann. Societa d. Naturalisti in Modena, 
Ser. 2, 14 , 1881, 153; Bacillus violaceus 
Schroeter, Kryptogamen-Flora von Schle- 
sien, 3, 1886, 157; Streptococcus violaceus 
Trevisan, I generi e Ic specie delle 


Batteriacce, 1S89, 31; Pseudomonas 

violacca Migula, Arb. a. d. Bakt. Inst. 
Karlsruhe, I, 1894, 2.37; Bacterium vio¬ 
laceum Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 1896, 58; see 2 Aufl., 
1899, 262.) From Latin, violaceus, 

violet-colored. 

Note: Bacterium ianthinum Zopf (Die 
Spaltpilzc, 1885, 68) has been regarded as 
identical with the above organism 
by Schroeter (Kryptogamen-Flora von 
Schlesien, 3, 1, 1886, 157), and by Leh- 


• Adapted by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 

New York from Cruess-Callaghan and Gorman, Scientific Proc. Royal Dublin Society, 

1935, 213 in Jan. 1938; further revision, July, 1945 by Robert S. Breed with the 
assistance of Capt. W. C. Tobie, Sn. C., Old Greenwich, Conn. 
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mann and Neumann (Bakt. Diag., 1 
Aufl., 2, 1896, 266; also 7 Aufl., 2, 1927, 
463). Lehmann and Neumann {loc.cit.) 
also consider Bacillus violaceus laurenti- 
cus Lustig (Diagnostik der Bakterien dcs 
^Yasse^s, 1893, 103) as being identical 
with Bacterium violaceum. 

Slender rods: 0.8 to 1.0 by 2.0 to 5.0 
microns, occurring singly and in chains. 
Motile, with a single flagellum. Gram¬ 
negative. 

Gelatin colonies: Circular, gray, entire 
margin, assuming a violet color in the 
center. 

Gelatin stab: Infundibulifonn lique¬ 
faction with violet sediment in fluid. 

Agar colonies: Whitish, flat, glistening, 
moist, becoming violet. 

Agar slant: Deep, violet, moist, shiny 
spreading growth. 

Broth: Slightly turbid, with violet 
ring and ropy sediment. 

Litmus milk: Violet pellicle. Diges¬ 
tion. Alkaline. 

Potato: Limited, dark violet growth. 
Loffler’s blood serum: Slowly liquefied. 
Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose and usually from 
maltose. No acid from lactose or sucrose. 
Aerobic, facultative. 

Optimum, temperature to 30*0. 
No growth at 37°C. Slight growth at 
2° to 4'’C. 

Source: Originally grown on slices of 
cooked potato exposed to air contamina¬ 
tion, and incubated at room temperature. 
Habitat: Water. 

2. Chromobacterium lanthinum (Zopf) 

Holland. {Bacterium ianthinum Zopf, 
Die Spaltpilze, 2 Aufl., 1884, 62; Bacillus 
janthinus Fliigge, Die Mikrooi^anismen, 
1886,291; Bacteridium ianthinum Schroe- 
ter, Kryptogamen Flora von Schlesien, 
S, 1, 1886, 157; Pseudomonas ianthina 
Migula, Syat. d. Bakt.,1900,941; Pseu¬ 
domonas jantkina Chester, Man. Determ. 
Bact., 1901, 317; Holland, Jour. Bact., 5, 
1920, 222.) From Greek, iantkinus, 
violet-blue. 


Rods: 0.5 to 0.8 by 1.5 to 5.0 microns, 
occurring singly. Motile with peritri- 
chous flagella. Gram-negative. 

Gelatin colonies: Circular, yellow, 
becoming violet. 

Gelatin stab: White to violet surface 
growth. Infundibuliform liquefaction. 

Agar colonies: Creamy center, violet 
margin. 

Agar slant: Yellowish, moist, glisten¬ 
ing, becoming deep violet. 

Broth: Turbid, w'ith light violet pel¬ 
licle. 

Litmus milk: Slow coagulation w'ith 
violet cream layer. Litmus decolorized 
from below. 

Potato: Violet to violet-black, spread¬ 
ing growth. 

Indole not formed. 

Nitrites generally not produced from 
nitrates. 

Acid from glucose. No acid from 
maltose, lactose and sucrose. 

Aerobic, facultative. 

Optimum temperature 30°C. Grows 
wellat37°C. No growth at 2 to 4°C. 

Source: Originally grown on pieces of 
pig’s bladder floated on badly contam 
inated water. 

Habitat: Water and soil. This may 
be the species that causes a fatal septi¬ 
cemia in animals and man. See Ckromo- 
bacterium violaceum manilae. 

3. Chromobacterium amethystlnum 
(Chester) Holland. {Bacillus membra- 
naceus amethysiinus Eisenberg, Bakt. 
Diag., 1891, 421 \ Bacterium amethysiinus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 117; Bacterium memhrana- 
ceus amethysiinus Chester, ibid., 138, 
Bacillus amethysiinus Holland, Jour. 
Bact., 5, 1920, 217; not Bacillus amethys¬ 
iinus Chester, loc. cit., 262; Holland, 
loc. cit., 222; Bacterium membranaceum 
amethystinum Lehmann and Neumann, 
Bakt. Diag., 7 Aufl., S, 1927, 463; Bac¬ 
terium violaceum amethystinum Cruess- 
Callaghan and Gorman, Sci. Proc. Royal 
Dublin Society, 21, 1935, 219.) From 
Greek, bluiah-violet, amethyst. 
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Rods: 0.5 to 0.8 by 1.0 to 1.4 microns, 
occurring singly. Motile with a single 
or occasionally with pcritrichous flagella. 
Gram-negative. 

Gelatin colonies: Thin, bluish, becom¬ 
ing violet, crumpled. 

Gelatin stab: Heavy, violet-black pel¬ 
licle. Liquefied. 

Agar colonies: Deep violet, surface 
rugose. 

Agar slant: Thick, moist, yellowish- 
white, becoming violet with metallic 
luster. 

Broth: Pellicle with violet sediment, 
fluid becoming violet. 

Litmus milk: Violet pellicle. Diges¬ 
tion turning alkaline. 

Potato: Deep violet, rugose spreading 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Usually no acid from glucose, maltose 
and sucrose. No acid from lactose. 

Aerobic, facultative. 

Optimum temperature 30^C. No 
growth at 37®C. Good growth in 7 days 

at2to4®C. 

Original source: Found once by Jolles 
in spring water from Spalato. 

Habitat: Water, 

Appendix: The following organisms 
have been assigned to this genus or are 
believed to belong here. Additional 
comparative studies are badly needed. 

Bacillus cyaneo-fuscus Beijerinck. 
(Beijerinck, Bot. Ztung., 4^, 1891, 704; 
Bacterium cyanofuscus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
116 and 132.) From black glue, blue 
Edam cheese, water and soil. 

BaciWus focmus Schroeter. (Schroeter 
>n Cohn, Kryptogamen-Flora von Schle- 
8ien, S, 1, 1889, 158.) In greenhouse on 
fresh paint. 

Bacillus lilacinus Mac6. (Traitfi Pra¬ 
tique Bact., 6* 6d., S, 1913, 416.) From 
water. 

Bacillus membranaceus amethystinus 
mohilis Germane. (Germano, Cent. f. 
Bakt., IB, 1892, 616; Bacillus amelhysti’ 


nus nwbiUs Kruse, in Flugge, Die 
Mikroorganismen, 3 Aufl., 2, 1S96, 313; 
Bacterium amethystinus mobilis C’licster, 
.Vnn. Kept. Del. Col. Agr. E.xp. Sta., 
9, 1S97, 117; Bacterium membranaceus 
mobilis ('licstcr, ibid., 13S.) Pseudo¬ 
monas amethystina Migula, Syst. tl. 
Bakt., 1900, 914; Bacillus umelhys- 
tiuus Chester, Man. Dctcrm. Bact., 1901, 
262.) From dust. 

Bacillus pavoninus Forster. (Forster, 
in van der Sleen, Sur Fexarnen bacterio- 
logique qualitatif de I’eau. Arch. Teylcr, 
Ser. 2, Tome 4, 3 partie, 1S94, No. 59, 
Haiirlem, Heritiere Loosjes. Also see 
Godfrin, Th6sc, Nancy, 1934, 46.) 
Causes blue discoloration of Edam cheese. 

Bacillus polychromogenes Chamot and 
Thiry. (Bacille polychrome, Thiry, 
Compt. rend. Soe. Biol,, Paris, 4S, 1896, 
885; Chamot and Tliiry, Bot. Gaz., SO, 
1900, 378.) From well water at Nancy. 
Probably a Pseudomonas (Tobie, per¬ 
sonal communication). 

Bacillus violaceus Frankland and 
Frankland. (Frankland and Frankland, 
Ztschr. f. IIyg.,(<, 1888,394; Pseudomonas 
pseudoianthina Migula, Syst. d. Bakt., 
2, 1900, 942.) Isolated from tap water. 
Said to produce spores. 

Bacillus violaceus laurentius Jordan. 
(Jordan, Mass. State Bd. Health Kept., 
1890, 838; Bacterium violaceus laurentius 
Chester, .\nn. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 117; Pseudomonas 
laurentia Migula, Syst. d. Bakt., 2, 
1900, 944; Bacillus violaceus Chester, 
Man. Determ. Bact., 1901, 262; Chrumo- 
haclerium violaceum laurentlum Ford, 
Text!). Bact., 1927, 470.) Isolated from 
sewage effluent. 

Bacillus violaceus luteliensis Kruse. 
(Kruse, in Flugge, Die Mikroorganismen, 

3 Aufl., 2, 1896, 311; Bacillus luteliensis 
Chester, Man. Determ. Bact., 1901, 306; 
Chromobacterium violaceum lutetiense 
Ford, Textb. Bact., 1927 , 470.) From 
water. 

Bacillus violaceus sartunji VVaeldele. 
(Th6se, Plmrin. Strasbourg, 1938 , 55.) 
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From dental pus. Saul to form spores. 

Bacterium crislallino violaccum Chol- 
kevitch. (Cliolkcvitch, 1922, quoted 
from Godfrin, Contribution a I’etudc des 
bacterics bleues et violettcs. These, 
Nancy, 1934, 93.) From peat. 

Chromobacterium tampfonf/Bergeyctal. 

(Bacillus membranaceus amciliystinus II, 
Bampton, Cent. f. Bakt., I Abt., Orig., 
71, 1913, 137; Bergcy et al.. Manual, 1st 
ed., 1923, 119; Chromobacleriiim mem- 
branaceum amethyslinum II Ford, Textb. 
Bact., 1927, 473.) From water. 

Chromohacteriiun coeriileum (^ oges) 
Bcrgey et al. (Bacillus cocruleus Voges, 
Cent. f. Bakt., 14, 1893, 303; Bacterium 
coeruleus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sia.,9, 1897, 117 ; /-'scaf/omonns 
coerulea Migula, Syst. d. Bakt., 2, 1900, 
945; Bergey et al., Manual, 1st ed., 1923, 

120.) From water. 

Chromobacterium, cohaerens Grimes. 
(Sci. Proc. Royal Dublin Society, 19, 
1930, 381.) From well water. 

Chromobacterium hibernicum Grimes. 

(Sci. Proc. Royal Dublin Society, 19, 
1930,381.) From well water. 

Chromobacteriinn lividum (Voges) Hol¬ 
land. (Plagge and Proskaucr, Zcitsch. 
f. Hyg., 2, 1887, 463; Bacillus lividus 
Voges, Cent. f. Bakt., 14, 1893, 303; 

relationship to Bacillus livtdus Zinimer- 
mann uncertain. Die Bakt. unserer 
Trink- und Nutzwiisser, Chemnitz, 2, 
1894, 18; Bacillus violacens berolineusis 
Kruse, in Flugge, Die Mikroorganismen. 
3 Aufl., 2, 1896, 311; Bacterium lividus 
Chester, Ann. Rept. Del. Col. .\gr. Exp. 
Sta., 9, 1897, 117; Bacillus berolineusis 
Chester, Man. Determ. Bact., 1901, 305, 
Holland, .lour. Bact., 5, 1920, 215.) 
From water. 

Chromobacterium maris-mortui Kla- 
zari-Volcani. (Studies on the Micro¬ 
flora of the Dead Sea, Thesis, Hebrew 
Univ., Jerusalem, 1940, vii and 76.) 
From the Dead Sea. 

Chromobacterium membranaceum Ber¬ 
gey et al. (Bacillus membranaceus ame- 
thystinus I, Bampton, Cent. f. Bakt., I 
Abt., Orig., 71, 1913, 135; Bergey et al.. 
Manual, Ist ed., 1923, 119; Chromobac- 


terium membranaceum amethyslinum I 
Ford, Textb. Bact., 1927, 472.) From 
water. 

Chromobacleriuin membranaceum ame- 
thystinum III Ford. (Ford, Textb. 
Bact., 1927, 474; Bacillus membranaceus 
amethystinus III Bampton, Cent, f. 
Bakt., I.Vbt., Orig., 7^1913,138.) From 


water. 

Chromobacleriiim membranaceum ame¬ 
thyslinum IV Ford. (Ford, Textb. 
Bact., 1927, 474; Bacillus membranaceus 
amethystinus /I Bampton, Cent. f. 
Bakt., I Abt., Orig., 7/, 1913, 138.) From 
water. 

Chrumobaetcrium smithii (Chester) 
Bergey et al. (Bacillus cocruleus Smith, 
Mctlical News, 2, 1887, 758; Bacterium 
cocruleus Cliestcr. ,\nn. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897,118; Pseudomonas 
smithii Chester, Man. Determ. Bact., 
1001, 318; Chromobacterium coeruleum 
Ford, Textb. Bact., 1927, 475; not Chro¬ 
mobacterium coeruleum Bergey et al., 
Manual. 1st ed., 1923, 120; Bergey et al., 
ibid., 121.) From water. 

Chromobacterium violaccum manilae 
Ford. (Bacillus violaceus rnandae Wool- 
ley, U. S. Dept. Int., Bur. Govt. Ubs. 
Bull. 15, 1904 and Bull. Johns Hopkins 
Hosp., 16, 1905, 89; Ford, Textb. Bact., 
1927, 471.) Isolated from fatal septice¬ 
mias in water buffalo (W’oolley) and man 
(Schattenberg and Harris, Jour. Bact., 
44, 1942,509). More likely to be a variety 

of C/iromo6adcriHm ianthinum which 
grows at 37“C. than of C. violaceum which 

does not grow at 37®C. 

Chromobacterium viscofucatum (Harri¬ 
son and Barlow) Bergey et al. (Bacterium 
viscofucatum and Bacillus lu'sco/wcafas 

Harrison and Barlow, Cent. f. ’ 

Abt., 16, 1905, 517; Trans. Royal Soc. 
Canada, 2nd Scr., //, 1905; Bergey et aU 
Manual. 1st ed., 1923, 119.) From oily 
butter. Probably a non-molile Pseudo¬ 
monas (Tobie, personal communication). 
Chromobacterium viscosum 

(Cent. f. Bakt., II Abt., 72, 1927, 367.) 
From butter. . 

Pseudomonas pseudoviolacea Migu • 

(Syst. d. Bakt.. *, 1900. 943.) From 
river water. 
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FAMILY V. MICnOCOCCACEAE PRIBKAM.* 

(Jour. Bact., 18, 1029, 385.) 

Cells without cndospores except in Sporosarcina. ('ells in (heir free condition 
spherical; during division somewliat elliplicnl. Division in two or tl\roc planes. If 
the cells remain in contact after division, they arc frcciuently flattened in the plane 
of last division. They occur singly, in pairs, tetrads, packets or irregular masses. 
Motility rare. Generally Gram-positive. Many species form a yellow, orange, pink 
or red pigment. Most species arc preferably aerobic, producing abundant growth on 
ordinary culture media, but capable of slight anaerobic growth. A few species are 
strictly anaerobic. Metabolism hetcrotrophic. ('arbohydrates are frequently fer¬ 
mented to acid. Gelatin is often liquefied. Facultative j)arasitcs and saprophytes. 
Frequently live on the skin, in skin glands or skin gland secretion-s of Verlcbrata. 

Key to the genera of family Micrococcaceae. 

I. Cells occur in plates, groups or in irregular packets and masses, never in chains. 
Pigment, when present, is yellow, orange or red. Gram-positive to Gram¬ 
negative. 

Genus I. Micrococcns, p. 235. 

II. On the animal body and in special media celKs occur as tetrads. In ordinary 
media cells may occur in pair.sand irregular masses. White to pale yellow. 

Genus II. Gnjflcya, p. 2S3. 

III. Cells occur in regular packets. Yellow or orange pigment usually formed. 

Genus III. *S'arc/n«, p. 2<S5. 


Genus /. Micrococcus Cohn.* 

(Cohn, Beitriige z. Biol. d. Pflanzen, /, Heft 2, 1872, 153; Mirrosphaera Cohn, 
Arch. f. path. Anat., 65, 1872, 237; not Microsphaera Leveille, Ann. 8ci. Xat. Bot., 
86r. 3, 16, 1851,381; A-srerocca-s Cohn, Beitriige z. Biol. d. IMIanzen, 1, Heft 3, 1875, 
154; Pedwcoceiis Balcke, Wchnschr. f. Hrauerei, /, 1884, 183; Merista Van Tieghem, 
Trait6 de Botanique, Paris, 1884, 1114; Staphylococcus Uo.senbach, Mikroorganismen 
bei den Wundinfektions-krankheiten des Menscheii, 1884 , 27; Monococcus Miller, 
Deutsch. med. Wchnschr., 12, 1886, No. 8, 117; liotryomyces Bollinger, Deutsch. 
Ztschr. f. Tiermed., 13, 1887, 77; (Jrococcus Miquel, .\nn. Microg., 1, 1888, 518; Galac- 
tococcus Guillebeau, Jahrb. d. Schweiz, 1890, 32; Ilhodococcus Zopf. Ber. d. deutsch. 
Bot. Gcsellsch., Berlin, 9, 1891, 28; Pyococcus Ludwig, Lchrb. d. niederen Kryptog., 
1892, 27; Planococcus Migula, Arb. Bakt. Inst. Karlsruhe, /, 1894, 236; Carphococcus 
Hohl, Cent. f. Bakt., 11 Abt., 9, 1902, 338; Af5ococca.s-Winslow and Rogers, Jour. Inf. 
Dis., 3, 1906, 541; Aurococcus Winslow and Rogers, ibid., 540; Pedioplana Wolff, 
('ont. f. Bakt., II Abt., 18, 1907, 9; Melococcus Ncdrigailov, (’harkov Med. Zurnal, 4, 
1907, 301; Solidococcus, Liquidococcus, Indolococcus and Peptonococcus Orla-Jcnsen, 
'Cent. f. Bakt., II Abt., 22, 1909, 332; Planomerista Vuillemin, .Ann. Mycol., 
11, 1913, 525; Tetracoccus Orla-Jensen (in part). The Dietic .Acid Bacteria, 1919, 76.) 
From Greek micrus, small; coccus, a grain; M. L., a sphere. 

Cells in plates or irregular masses (never in long chains or packets). Gram-posi¬ 
tive to Gram-negative. Growth on agar usually abundant, .some species form no 


* The genera Micrococcus and Staphylococcus have been combined and completely 
revised by Prof. G. J. Ilucker, New York State Experiment Station, Geneva, New 
York, March, 1943 so far as the aerobic species are concerned. Dr. Ivan C. Hall, 
Presbyterian Hospital, New York City, revised the anaerobic section, January, 1944. 


236 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


pigment but others form yellow or less commonly orange, or red pigment. Glucose 
broth slightly acid, lactose broth generally neutral. Gelatin frequently liquefied, 
but not rapidly. Facultative parasites and saprophytes. 

The type species is Micrococcus luteus (Schroeter) Cohn. 


Key to the species of genus Micrococcus. 

1. Aerobic to facultative anaerobic species. 

I. Ko pink or red pigment on agar media. 

A. Nitrites not produced from nitrates. 

1 . Utilize NH4H2PO4 as sole source of nitrogen.* 

a. Yellow pigment on agar media. Not acido-proteolytic. 

1 . Micrococcus luteus. 

aa. No pigment produced. Not acido-proteolytic. 

b. Utilizes urea as a sole source of nitrogen.** 

2. Micrococcus ureae. 
bb. Does not utilize urea. 

3. Micrococcus freudenreichii. 

aaa. Acido-proteolytic in litmus milk. 

8. Micrococcus caseolyticus. 

2 . Do not utilize NH4H2PO4 as sole source of nitrogen. 

a. Yellow pigment produced. 

4. jl/icrococcw5 flavus. 

aa. No pigment produced. 

5. Micrococcus Candidas. 


R. Nitrites produced from nitrates. 

1. Utilize NH4H2PO4 as sole source of nitrogen. 

a. Yellow pigment on agar media. Not acido-proteolytic. 
b. Gelatin liquefied. 

6. Micrococcus conglomeralus. 

bb. Gelatin not liquefied. 

7. .^/icrococcus t-arians. 

aa. Usually not chromogenic. Actively acido-proteolytic inlitmus milk. 

8. Micrococcus caseolyticus. 

2. Do not utilize NH 4 HaP 04 as sole source of nitrogen. 

a. Gelatin liquefied. Ferment mannitol. 

b. Abundant orange growth on agar media. 

9a. Micrococcus pyogenes var. owreas. 

bb. Abundant white growth on agar media. 

9b. A/tcrococcti« pyogenes var. albus. 


bbb. Yellow growth on agar media. 

10 . Micrococcus citreus. 

aa. Gelatin not liquefied or very slowly liquefied. 

b. Abundant orange to white growth on agar media. 

mannitol. 

11. Micrococcus aurantiacus. 
bb. Scant white translucent growth on agar media. 

ferment mannitol. 

12. Micrococcus epidermidis. 


Ferments 


Does not 


• That is, will grow and produce acid (sometimes slowly) on slants ® 

1.6 per cent washed agar, 0.1 per cent ammonium phosphate, 1.0 

0.02 per cent potassium chloride, 0.02 per cent magnesium sulfate. Add ^om-cre 

purple as an indicator (Hucker, N. Y. State Exper. Sta., Tech. Bui. 10(h Amer* 

Tech. Bui. 101, 1924, 36-40); Manual Pure Culture Study of Bacteria. Soc. Am 

Bact., Geneva, N. Y., Leaflet II, 9th ed., 1944, 14.) 

int. nmft f Ar th« nhAanhate in the above med_i____ 


iT O., 
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II. Pink or red pigment on agar media. 

A, Gelatin liquefied, slowly. Produces rose-colored pigment. 

13. Micrococcus roseus. 

B. Gelatin not liquefied. 

1. Non-motile. 

a. Produces cinnabar-colored pigment on gelatin. 

14. Micrococcus cinnahareus. 

aa. Produces light, flesh-colored pigment on agar slant. Ferments 
glycerol and mannitol. 

15. Micrococcus rubens. 

aaa. Produces brick-colored pigment on agar slant. Does not ferment 
glycerol and mannitol. 

16. Micrococcus rho'dochrous. 

2 . Motile. Produces red pigment. 

17. Micrococcus agilis. 

2 . Anaerobic species. 

I. Forms gas from nitrogenous media. 

A. Acid from glucose. 


18. Micrococcus aerogenes. 

B. No acid from glucose. 

1. No blackening of colonies in deep agar. 

19. Micrococcus asaccharolylicus. 

2. Hydrogen sulfide formed. Deep agar colonies become black. 

20. Micrococcus niger. 
n. No gas formed from nitrogenous media. 

A. Acid from glucose. 

1. Acid from lactose. 

21. Micrococcus grigorofi. 

2. No acid from lactose. 


22. Micrococcus anaerohius. 


1. Micrococcus luteus (Schroeter) 
Cohn. {BacUridium luleum Schroeter, 
Beitr. z. Biol. d. Pflan., 1, Heft 2. 1872, 
119; Cohn, ibid., 153.) From Latin, 
luieus golden-yellow. 

Spheres: 1.0 to 1.2 microns, occurring 

la pairs and fours. Non-motile. Gram- 
positive. 

Gelatin colonies: Yellowish-white to 
yellow, raised, with undulate margin. 
Gelatin stab; No liquefaction. 

Agar colonies: Small, yellowish, glisten¬ 
ing, raised. 

Agar slant: Citron-yellow, smooth. 
Broth: Clear, with yellowish sediment. 
Litmus milk: Usually slightly acid, 

not coagulated. 

Potato: Thin, glistening, citron-yellow 

growth. 

Indole not formed. 

Kitritee not produced from nitrates. 


Acid from glucose, sucrose and man¬ 
nitol. No acid from lactose. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Utilizes NH 4 H 2 PO 4 as a source of 
nitrogen. 

Saprophytic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Isolated by Schroeter from 
dust contaminations on cooked potato. 

Habitat: Found in skim milk and dairy 
products, and on dust particles. 

2. Micrococcus ureae Cohn. (Cohn, 
Beitr. z. Biol. d. Pflanzen, /, Heft 2, 
1872, 158; not Micrococcus ureae Fliigge, 
Die Mikroorganismen, 2 Aufl., 1886, 
169; Merista ureae Prazmowski, Biol. 
Cent., 8 , 1888, 301; Streptococcus ureae 
Trevisan, I generi e le specie delle Bat- 
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teriacce, Milan, 1SS9, 31; Urococcus 
vrcae Beijcrinck, Cent. f. Bakt., II Abt., 
7.1901,52; Alhococcus wrcae Kligler. Jour. 
Infect. Dis.. 12, 1943, 442; Slaphijlococcus 
urcae Holland. Jour. Bact., 5, 1920, 225.) 
From Greek, urum, urine; M. L., vrca, 
urea. 

Sec Micrococcus liquefaciens Migula 
in the appendix for references to the 
gelatin-liquefying form of the species. 

Spheres: 0.8 to 1.0 micron, occurring 
singly, in pairs and in clumps. Never in 
chains. Non-motile. Gram-variable. 

Gelatin colonies i Small, white, translu¬ 
cent, slimy, becoming fissured. 

Gelatin stab: Slight, white growth. 
Very slow or no liquefaction. 

Agar colonies: White, slightly raised. 

Agar slant: Grayish-white, raised, 
glistening, butyrous. 

Broth: Turbid, with viscid sediment. 

Litmus milk: Slightly alkaline; litmus 
slowly reduced. 

Milk; Acid. 

Potato: Slight, grayish to pale olive 
growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Urea fermented to ammonium car¬ 
bonate. 

Acid produced from glucose, lactose, 
sucrose and mannitol. 

Starch not hydrolyzed. 

Ammonium salts arc utilized. 

Ammonia produced from peptone. 

Saprophytic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Isolated from fermenting urine. 

Habitat: Found in stale urine and in 
soil containing urine. 


Sternberg, Man. of Bact., 1893, 601; 
.1/icrococcus acidilactis Migula, Syst. d. 
Bakt., 2, 1900, 112; Micrococcus acidiji- 
cans Migula, ibid.)', Micrococcus lactis 
viscosus Sternberg, Man. of Bact., 1893, 
604; Micrococcus amarijaciens Migula, 
Syst. d. Bakt., 2, 1900, 100; Coccus laciis 
viscosi Gruber, Cent. f. Bakt., II Abt., 
9, 1902, 790 {Micrococcus lactis viscosi 
Lohnis, Cent. f. Bakt., 11 Abt., 18, 1907, 
144); Micrococcus lactis albidus Conn, 
Esten and Stocking, Storrs Agr. Exp. 
Sta. 18th .Ann. Kept., 1906, 91. 

Spheres: 2.0 microns in diameter, oc- 
curing singly and in clumps, rarely in 
short chains. Non-motile. Gram-posi¬ 
tive. 

Milk gelatin colonies: Small, white, 
opaque. 

Milk gelatin stab: Infundibuliform 
liquefaction. 

Agar colonies: White, slimy. 

Agar streak: White, smooth. 

Broth : Turbid, with white sediment. 

Litmus milk: Acid; coagulated; pep¬ 
tonized. 

Potato: Moderate w'hite to yellow 
streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Does not utilize urea as a source of ni¬ 
trogen. 

Acid from glucose,lactose and sucrose. 
Some strains form acid from mannitol, 
others from glycerol. 

Saprophytic. 

Aerobic. 

Optimum temperature 20®C. 

Habitat: Milk and dairy utensils. 


3. Micrococcus freudenrelchil Guille- 
beau. (Landwirtsch. Jahrb. d. Schweiz, 
5, 1891, 135.) Named for E. v. Freuden- 
reich, Swiss bacteriologist. 

Synonyms: J/icrococcus acidi lactis 
Krueger, Cent. f. Bakt., 7, 1890, 464 
(A/tcrococcus acidi lactis liquefaciens 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
409; Micrococcus acidi lactici liquefaciens 


4. Micrococcus fiavus Trevisan. 

crococcus fiavus liquefaciens Fliigge, Hie 
Mikroorganismen, 2 Aufl., 1886, 174, 
Trevisan, I generi e le specie delle Bat- 
teriacee, Milan, 1889 . 34; Micrococcus 
flavus-liquefaciens Chester, Man. He- 
term. Bact., 1901, 99.) From Latin, 

fiavus, yellow. 

Spheres: 0.8 to 0.9 micron, occurring 
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singly, in clumps, and occasionally in 
fours. Occasionally cultures arc found 
that are motile with a single flagellum. 
Otherwise non-motile. Gram-variable. 

Gelatin colonies: Small, circular, yel¬ 
lowish to yellowisli-brown, somewhat 
serrate margin, granulated, sharply con¬ 
toured. 

Gelatin stab: Yellow, wrinkled surface 
growth with slow, crateriform lique¬ 
faction. 

Agar colonies: Small, pale yellowish, 
homogeneous, entire. 

Agar slant: Canary-yellow, somewhat 
dry, wrinkled, raised, entire. 

Broth: Turbid with yellowish ring and 
sediment. 

Litmus milk: Slightly acid, soft 
coagulum formed, with slight reduction; 
slowly peptonized. 

Potato: Slight, canary-yellow growtli. 
Indole is not formed. 

Nitrites not produced from nitrates. 
Starch not hydrolyzed. 

Acid is generally formed from glucose 
and lactose. Sucrose, glycerol and man¬ 
nitol generally not fermented. 
Ammonium salts arc utilized. 
Ammonia produced from peptone. 
Non-pathogcnic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Original source not given. 
Habitat: Found in skin gland secre¬ 
tions, milk, dairy products, and dairy 
utensils. 

6. Micrococcus candldus Cohn. 
(Cohn, Beitr. z. Biol. d. Pflanzen, i, 
Heft 2,1872,160; Staphylococcus Candidas 
Holland, Jour. Bact.,5,1920,223.) From 
Latin Candidas , shining white. 

Spheres: 0.5 to 0.7 micron, occurring 
singly. Non-motile. Gram-positive. 

Gelatin colonies: White, granular, with 
irregular or entire margin. 

Gelatin stab: White surface growth. 
Filiform. No liquefaction. 

Agar colonies: Punctiform, white, 
smooth, entire, iridescent. 


.\gnr slant; Smooth, white, glistening, 
iridescent. 

Brotij; Turbid, with pellicle. 

Litmus milk: Slightly acid; not coagu¬ 
lated. 

Potato: Thick, porcelain white, 
glistening. 

Indole not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

.\mmonia produced from peptone. 

Ammonium salts not utilized. 

Acid from glucose, sucrose, lactose 
and glycerol. 

Non-pathogcnic. 

Aerobic. 

Optimum temperature 25®C. 

Source; Originally appeared as white 
colonics on cooked potato exposed to dust 
contaminations. 

Habitat: Found in skin secretions, 
milk and dairy products. 

6. Micrococcus conglomeratus Migula. 
(Citronengelber Diplococcus, Bumm, 
Dor Mikroorgnnismen <ler gonorrhoisclien 
Schleimhauterkrankungcn, 1 Aufl., 1885, 
17; Micrococcus citreus conglomeratus 
Fliigge, Die Mikroorganismen, 2 .\ufl., 
1886, 182; Diplococcus cilreus conglomer¬ 
atus Bumm, ibid., 2 .\ufl., 1887; Neisseria 
citrea Trevisan, I generi e Ic specie delle 
Batteriacee, Milan, 1889, 32; Merismo- 
pedia citreus conglomeratus Dyar, -\nn, 
N. Y. Acad. Sci., 8, 1895, 352; Migula, 
Syst. d. Bakt., 2, 1900, 146; not Micro¬ 
coccus conglomeratus Weichselbaum, 1887, 
see Trcvisjin, loc. cit., 33; Micrococcus 
citreus Winslow and Winslow, Systematic 
llelationships of the Coccaccae, 1908, 
218.) From liUtin, conglomeratus, rolled 
together, crowded. 

Spheres: 0.8 to 1.2 microns, occurring 
singly, in pairs, in fours, and in large 
clumps. Non-motile. Gram-variable. 

Gelatin colonics: Small, circular, yel¬ 
low with radiate margin. 

Gelatin stab: Slow crateriform lique¬ 
faction. 
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Agar colonies: Luxuriant, moist, sulfur 
yellow. 

Agar slant: Light yellow, plumose, 
slightly rugose, somewhat dull, raised 
center and transparent margin. 

Broth: Turbid, with light orange ring 
and sediment. 

» _ 
Milk: Generally acid but not suffi¬ 
cient to curdle. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Blood not hemolyzcd. 

Starch not hydrolyzed. 

Acid from glucose and lactose gen¬ 
erally, sometimes from sucrose. Manni¬ 
tol and glycerol generally not fermented. 
Ammonia produced from peptone. 
Utilizes NIUILPOi as a source of 
nitrogen. 

Resistant to drying and heat. 
Non-pathogcnic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Found in gonorrhoeal pus and 
dust. 

Habitat: Infections, milk, dairy prod¬ 
ucts, dairy utensils, water, common. 

7. Micrococcus varians Migula. 
(Merismopedia jlava varians Dyar, Ann. 
N. Y. Acad. Sci., 8, 1895, 346; Migula, 
Syst. d.Bakt.,2,1900,135; A/erismopcdm 
flava-varians Chester, Man. Determ. 
Bact., 1901, 103; Micrococcus laclis vari- 
ans Conn, Esten and Stocking, Storrs 
Agr. Exp. Sta. Rept. for 1906,121.) From 
Latin, varians varying. 

Spheres: 0.8 to 1.0 micron, occurring 
singly, in pairs and in fours. Occa¬ 
sionally cultures are found that are motile 
with a single flagellum. Otherwise non- 
motile. Gram-variable. 

Gelatin colonies: Small, circular, whit¬ 
ish to yellow, capitate, moruloid. 

Gelatin stab: Scant growth. No lique¬ 
faction. 

Agar colonies: Small, yellow, raised, 
glistening. 


.'Vgar slant: Plumose, yellow, vari¬ 
egated. 

Broth: Turbid, with yellow, granular 
sediment. 

Litmus milk: .Acid; coagulated on boil¬ 
ing. 

Potato: Raised, dry, bright-yellow, 
glistening. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose, lactose, sucrose, 
raffinose and frequently from glycerol 
and mannitol. No acid from salicin or 
inulin. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

Utilizes NHtHoPO* as a source of 
nitrogen. 

Saprophytic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Original strains found in 8 
contaminated jar of sterilized milk. 

Habitat: Has been found in body 
secretions, dairy products, dairy utensils, 
dust and water, including sea water. 

8. Micrococcus caseolytlcus Evans. 
(Evans, Jour. Inf. Dis., 18, 1916, 455; 
Micrococcus casei Huckcr, N. Y. Agr. 
Exp. Sta. Tech. Bull. 102,1924, 17 ; Prob¬ 
ably Micrococcus casei Holland, Jour. 
Bact., 5, 1920, 223.) 

Identical in part with J/icrococcws casei 
acidoproteolyticus I and II Gorini, Rev. 
G6n. du Lait, 8, 1910, 337; Tetracoccus 
liquefaciens Orla-Jensen, The Lactic 
Acid Bacteria, 1919,80 {Micrococcus casei 
liquefaciens Orla-Jensen, Doktordispu- 
tats, 1904; Tetracoccus casei liqttefaciens 
Orla-Jensen, The Lactic Acid Bacteria, 
1919,80; Micrococcus liquefaciens Holland, 
Jour. Bact., 6, 1920, 224. Also see ref¬ 
erences under Streptococcus liquefaciens-) 
From Latin, caseus, cheese, casein; and 
Greek, lyticus, able to dissolve; M. L., 
dissolving, digesting. 

Spheres, variable in size, occurring ia 
clumps. Non-motile. Gram-positive. 

Gelatin stab: Liquefaction generally 
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begins after first day and continues 
rapidly. 

Agar colonies: Yellow toorangc (Evans, 
loc. cit.), pearly white (Hucker, loc. cil.). 

Agar stroke: Yellow to orange (Evans, 
loc. cit.)y pearly white (Iluckcr, loc. cii.), 
luxuriant growth. 

Broth: Generally grows witli smooth 
turbidity although certain strains give 
heavy precipitate with clear supernatant 
fluid. 

Litmus milk: Acid, peptonized. Whey 
generally clear. 

Potato: Scanty white growth. Certain 
strains may show' yellow' pigment. 

Indole not formed. 

Nitrites usually produced from ni¬ 
trates. 

Acid from glucose, lactose, maltose, 
mannitol and glycerol. No action on 
raffinose. 

Forms dextrorotarj' lactic acid (Orla- 
Jensen, 1919, loc. cit.). 

Asparagin and urea decomposed by 
some strains. 

Utilizes NH 4 H 2 PO 4 as a source of nitro¬ 
gen. 

Optimum temperature 22®C. 

Aerobic. 

Saprophytic. 

Source; Eight cultures from bovine 
udder. 

Habitat: Milk and dairy products, 
especially cheese, dairy utensils. 

9a. Micrococcus pyogenes var. aureus 

(Uoscnbach) Zopf. {Staphylococcus pyo¬ 
genes aureus Rosenbach, Mikroorganis- 

men bei den Wundinfcctionskrankhciten 

des Menschen, Wiesbaden, 1881, 19; 
Staphylococcus anrexis Rosenbach, ibid., 
27; il/icrococcws pyogenes var. aureus 
Zopf, Die Spaltpilze, 3 Aufl., 1885, 50; 
A/tcrococcus aureus Zopf, ibid., 5/; 
Micrococcus pyogenes Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 2, 1800, 105; 
Aurococcus aureus Winslow' and Rogers, 
•Tour. Inf. Dis.. 3, 1906, 551; Micrococcus 
lactis varians Conn, Esten and Stocking, 
Storrs Agr. Exp. Sta. Rept. for 1906, 


121; Staphylococcus pyogenes Andrew'es 
and Gordon, Rept. (35th) Med. Officer 
Local Govt. Board. London, 1907, 549; 
(Tctracoccus) M icrococcus pyogenes 
aureus Orla-Jensen, The Lactic Acid 
Bacteria, 1919, 81; Staphylococcus pyo- 
gcncs-aureus Holland, Jour. Bact., 5, 
1920, 225.) From Greek, pyon, pus; 
M. L.,-< 7 c/ies, producing. From Latin, 
aureus, golden. 

Spheres: 0.8 to 1.0 micron, occurring 
singly, in pairs, in short chains, and in 
irregular clumps. Non-motile. Gram¬ 
positive. 

Gelatin stab : Saccate liquefaction with 
yellowish pellicle and yellow’ to orange 
sediment. 

Agar colonies: Circular, smooth, yel¬ 
lowish to orange, glistening, butyrous, 
entire. 

.Vgar slant: Abundant, opaque, smooth, 
flat, moist, yellow’ish to orange. 

Broth : Turbid with yellowish ring and 
sediment, becoming clear. 

Litmus milk: Acid; coagulated. 

Potato: Abundant, orange, glistening. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose, lactose, sucrose, 
mannitol and gl 5 ’ccrol, but not from 
raffinose, salicin or inulin. 

Forms inactive or levorotary lactic 
acid (Orla-Jensen, loc. cit.). 

Slight HjS formation. 

Starch not hydrolyzed. 

Docs not utilize NH4H2PO4, as a source 
of nitrogen. 

Ammonia produced from peptone. 

Pathogenic. Individual strains vary 
in their ability to produce hemolysin, 
coagulasc and other metabolic products. 

Certain strains, under favorable con¬ 
ditions, produce not only exotoxins 
(hematoxin, dermatoxin, lethal toxin, 
etc.) but also a potent enterotoxin 
which is a significant cause of food poi¬ 
soning (Dolman and Wilson, Jour. 
Immunology, 35, 1938, 13). 

Aerobic, facultative. 

Optimum temperature 37°C. 

Source: Isolated from pus in wounds. 
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Habitat: Skin and mucous membranes. 
The cause of boils, abscesses, furuncles 
suppuration in wounds, etc. 

9b. Micrococcus pyogenes var. albus 
(Kosenbach) Schrocter. {Staphylococcus 
pyogenes alhus Kosenbach, Mikroorganis- 
mon bci den Wundinfektionskrankheiten 
desMense hen, Wiesbaden, 1SS4,2; 
ylococcus Kosenbach, ibid., 27; 

Micrococcus pjugene.s var. nlbus Scliroe- 
ter, in Colin, Kryptog. Flora v. Schlesien, 
3, 1, ISSG, U7; Micrococcus pyogenes 
Migula, Syst. d. Bakt., 3, 1900, 87; Albo- 
coccus pyogenes Winslow and Rogers, 
Jour. Inf. Dis., -3, 1906, 544; .l/(crococcns 
albus Buchanan, Veterinary Bacteriology 
1911, 196; (Tclracoccus) Microccocus 
pyogenes albus Orla-Jensen, The I.ACtic 
Acid Bacteria, 1919, 81; Staphylococcus 
pyogenes-albus Holland, Jour. Bact., 5, 
1920, 225.) From Latin, albus, white. 

Spliercs: 0.6 to O.S micron, occurring 
singly, in pairs and in irregular groups. 
Non-motile. Gram-positive. 

Gelatin stab: Saccate liquefaction with 
heavy white sediment. 

Agar colonies: Circular, white, smooth, 
glistening, entire. 

Ten per cent evaporated milk agar: 
Growth at 20'’C frequently orange 
(Chapman, Jour. Bact., 4^, 1943, 405). 

Agar slant: Abundant, white, smooth, 
glistening. 

Broth: Turbid, with delicate pellicle 
and white sediment. 

Litmus milk: Acid; coagulated. Little 
or no visible peptonization. 

Potato: Thick, smooth, white, glisten¬ 
ing. 

Indole not formed. 

Nitrites produced from nitrates. 

Hydrogen sulfide is formed. 

Acid formed from glucose, lactose, 
sucrose, glycerol and mannitol, but not 
from raffinose, salicin and inulin. 

Forms inactive or levorotary lactic 
acid (Orla-Jensen, loc. cit.). 

Starch not hydrolyzed. 

.Ammonia produced from peptone. 

Does not utilize NH 4 HSPO 4 as a source 
of nitrogen. 


Pathogenic. Production of toxins, 
coagulase and hemolysin as in J/fero- 
coccus aureus. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Originally isolated from pus. 
Habitat: Skin and mucous membranes. 
Occurs in wounds, boils, abscesses, etc. 

10. Micrococcus cltreus Migula. 
(Staphylococcus pyogenes citreus Passet, 
.Vctiologie dcr eiterigen phlegmone des 
Mcnschen, Berlin, 1885 , 9; Micrococcus 
pyogenes citreus Schroeter, in Cohn, 
Kryptog. Flora v. Schlesien, 3, 1, 1886, 
147; Migula, Syst. d. Bakt., 3, 1900, 147; 
Staphylococcus citreus Bergey ct al., 
Manual, 1st ed., 1923,55.) From Ratin, 
citreus, of or relating to the citrus tree; 
M. L., lemon yellow. 

Spheres: 0.9 micron, occurring singly- 
Gram-positive. 

Gelatin colonies: Circular, pale yellow, 
granular, entire, liquefying in 6 days. 

Gelatin stab: Lemon yellow surface 
growth sinking into the medium. Gray¬ 
ish-white growth in stab. Complete 
liquefaction in 43 days. 

.Agar colonics: Small, yellow, smooth, 
entire. 

.Agar slant; Broad, lemon yellow, glis¬ 
tening, elastic. 

Broth; Turbid, with yellow sediment 
and pellicle. 

Litmus milk: Acid, wdth slow coagula¬ 
tion. 

Potato: Thin, grayish streak, becoming 
citron yellow. 

Indole not formed. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose, lactose, sucrose, 
raffinose, inulin, salicin, glycerol and 
mannitol. 

Does not utilize NH.H.PO. as a source 
of nitrogen. 

Ammonia produced from peptone. 
.Aerobic, facultative. 

Pathogenic. 

Optimum temperature 37 C. 

Source: Originally isolated from pus. 
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Habitat: Skin and mucous membranes 
of vertebrates. 

11. Micrococcus aurantiacus (Schroe- 
ter) Cohn. {Bacteridium aurantiacum 
Schroeter, Beitr. z. Biol., 1, Heft 2, 1872, 
126; Cohn, Beitr. z. Biol., i, Heft 2,1872, 
154; Pediococcus aurantiacus De Toni and 
Trcvisan, in Saccardo, Syllogc Fungorum, 
S, 1889, 1051; Micrococcus aurantiacus- 
sorghi Bruyning, Arch. N6cr. Sci. Exact, 
et Nat., 1, 1898, 297; Streptococcus 
aurantiacus Chester, Man. Determ. 
Bact., 1901, 69; Awrococcws aurantiacws 
\Yinslo\v and Winslow, Systematic Uela- 
tionships of the Coccaceae, 1908, 186; 
iSarcina aurantiaca Holland, Jour. Bact., 
5, 1920 , 225 (not iSarctna aurantiaca 
Fliiggc, Die Mikroorganismen, 2 Aufl., 
1886, 180); Staphylococcus aurantiacus 
Holland, ibid.) From Latin, aururti, 
gold;M. L., aurantium, the orange ;M.L., 
aurantiacus , orange-colored. 

Spheres: Slightly ellipsoidal, 1.3 to 1.5 
microns, occurring singly, in short chains 
and in small clumps. Non-inotilc. 
Gram-positive. 

Gelatin colonies: Circular to oval, 
smooth, glistening with yellow to orange 
center. 

Gelatin stab: Yellow surface growth. 
No liquefaction. 

Agar colonics: Circular, smooth, glis¬ 
tening, yellow to orange, entire. 

Agar slant: Buff to scant orange-yellow, 
beaded growth, raised, glistening. 

Broth: Turbid, with pellicle. 

Litmus milk: Faintly acid, no coagu¬ 
lation. 

Potato: Slimy, yellow growth. Pig¬ 
ment is insoluble in alcohol and ether. 
Indole not produced. 

Nitrites generally produced from ni¬ 
trates. 

Slight acidity from glucose, fructose, 
sucrose, lactose and mannitol. No acid 
from raffinose, salicin, inulin. 

Starch not hydrolyzed. 

Ammonia produced from peptone. 

No growth in ammonium media. 

May be pathogenic. 

Optimum temperature 25^C. 


Aerobic. 

Source: First isol.ated from colonies 
that grew on boiled egg exposed to dust 
contamination. 

Habitat: Usually isolated from infec¬ 
tions but also found in milk, cheese and 
dust. 

Note: Albococcus cpide.rmidis (var. 
A) Kliglcr (Jour. Infect. Dis., 12, 1913, 
444) whicli was based on a white culture 
received from Krai under the name 
Micrococcus aurantiacus was apparently 
a wliite strain of tliis organism as it grew 
luxuriantly on ordinary agar. 

12. Micrococcus epidermidis (Winslow 
and Winslow) Huckcr. (Staphylococcus 
epidermidis albus Welch, Amcr. .lour, of 
Med. Sci., Phila., N. S., 102, 1891. 441; 
Micrococcus epidermidis albus Randolph, 
Jour. Amcr. Med. Assoc., 31, 1898, 706; 
Albococcus epidermidis Winslow and Win¬ 
slow, Syst. Relationships Coccaceae, 
Now York, 1908, 201; Staphylococcus 
epidermidis Evans, Jour. Inf. Dis., 15, 
1916, 449; Huckcr, N. Y. Agr. Exp. Sta. 
Tceli. Hull. 102, 1924, 21.) From Greek, 
epidermis, the outer skin. 

Spheres: 0.5 to 0.6 micron, occurring 
singly, in pairs and in irregular groups. 
Non-motile. Grain-positive. 

Gelatin stab: White surface growth 
with slow saccate liquefaction. 

Agar colonics: Rather scant, white, 
translucent. 

Broth: Turbid, with white ring and 
sediment. 

Litmus milk: Acid. 

Potato: Limited growth, white. 

Indole not formed. 

Nitrites arc produced from nitrates. 

Usually does not utilize NIGHjPOi 
as a source of nitrogen. 

Acid formed from glucose, fructose, 
maltose, lactose and sucrose, but not 
from mannitol, raffinose, salicin or 
inulin. 

Usually fails to hemolyze blood. No 
coagulase produced. 

Parasitic rather than pathogenic. 

Aerobic, facultative. 
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Optimumtemperaturc 37®C. 

Source: Originally isolated from small 
stitch abscesses and other skin wounds. 
Habitat: Skin and mucous membranes. 

13. Micrococcus roseus riilcgc. 
(Rosafarbiger Diplococcus, Bumni, Der 
Mikroorganismen dcr gonorrhoischen 
Schleimhauterkrankungen, I Aufi., 1SS5, 
25; Fliigge, Die iMikroorganismcn, 2 
Aufl., 18SG, 1S3; Neisseria rosea Trevisan, 

I generi e lo specie delle liatteriacec, 
Milan, 1889,32; Diplococcus roseus Eisen- 
berg, Bakt. Diag., 3 Aufl., ISOl, 12; Mcris- 
mopedia rosea Dyar. Ann. X. Y. Acad. 
Sci., S, 1895 , 354; lihodococcus roseus 
Winslow and Rogers, Jour. Inf. Dis., 3, 
190G, 545.) From Latin, roseus, rosc- 
colorcd. 

Spheres: 1.0 to 1.5 microns, occurring 
singly and in pairs. Non-inotile. Gram- 
variable. 

Gelatin colonies: Rose surface growth 
usually with slow liquefaction. 

Agar colonics: Circular, entire, rose- 
red surface colonies. 

Agar slant: Thick, rosc-red, smooth, 
glistening streak. 

Broth: Slightly turbid with rose- 
colored sediment. 

Litmus milk: Unchanged to alkaline, 
usually reddish sediment after 14 days. 

Usually produce nitrites from nitrates. 

Potato: Raised, rose-red, smooth, glis¬ 
tening. 

Starch not hydrolyzed. 

Acid from glycerol and mannitol. 

Utilizes NHddoPO* as a source of 
nitrogen. 

Saprophytic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Dust contamination. 

Habitat: Widespread, as it occurs in 
dust. 

14. Micrococcus cinnabareus Flugge. 
(Fltigge, Die Mikroorganismen, 2 Aufl., 
1886,174; Rhodococcus cinnabareus Wins¬ 
low and Rogers, Jour. Inf. Dis., 5, 1906, 
545.) From M. L., cinnabar-colored. 


Spheres: 1.0 micron, occurring singly 
and in pairs. Non-motilc. Gram-vari¬ 
able. 

Gelatin colonies: Small, circular, bright 
red, becoming cinnabar red. 

Gelatin stab: Thick, raised, rose to 
cinnabar red growth on surface. No 
liquefaction. White colonics along stab. 

•Vgar slant; A carmine-red streak. 
Slow growth. 

Broth: Turbid. 

Litmus milk: Slightly alkaline to 
slightly acid. 

Potato: Slowly developing Vermillion 
red streak. 

Small amount of acid from test sugars. 
Indole not formed. 

Docs not utilize NH 4 H 2 P 04 as a source 
of nitrogen. 

Nitrites produced from nitrates. 
Starch not hydrolyzed. 

Saprophytic. 

Aerobic. 

Optimum temperature 25®C. 

Source: Found as contamination of 
cultures. 

Habitat: I'sually found as a dust con¬ 
tamination. 

15. Micrococcus rubens Migula. 
crococcus teiragenus ruber Bujwid, m 
Schneider, Arb. bakt. Inst. Karlsruhe, 
I, Heft 2, 1S94, 215; Migula, Syst. d. 
Bakt.,^, 1900, \77; Micrococcus ruber and 
lihodococcus ruber Holland, Jour. Bact., 
6, 1920, 224; Micrococcus roseofulvus 
Hueker, N. Y. S. Agr. Exp. Sta. Tech. 
Bull. 135,1928,27; not Micrococcus rosco- 
fulvus Lehmann and Neumann, Bakt. 

Diag., 1 Aufl.,2,1896,177and439; 

cocews roseofulvus Pribram, Klassifika- 
tion der Schizomyceten, 1933,44). From 
Latin, rubens, ruddy. 

The following description is taken frocn 
Migula Hoc. cit.) and from Hueker (/oc- 
cit.) supplemented from unpublishe 
notes of the latter. Also see Breed (Jour. 

Bact., 4^, 1943, 455). 

Spheres: 1.3 to 4.0 microns, average 
size 2.1 microns, occurring in fours an 
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in irregular masses, generally not singly 
or in pairs. Non-motile. Gram-nega¬ 
tive to Gram-variable 
Gelatin colonies: After several days, 
small, pink or tlesh-colored, shiny, buty- 
rous, 0.5 to several mm. in diameter. 
Smaller colonies have regular edges; 
larger colonies have lobatc edges. 

Gelatin streak: Thick, shiny, flesh- 
colored to carmine-red growth, generally 
spreading. 

Gelatin stab: Scant, whitish growth 
along line of stab; surface growth flesh- 
red. No liquefaction after several weeks, 
but a slight softening of the medium 
underneath the growth. 

Agar slant; Luxuriant, thick, spread¬ 
ing, slimy, flesh-colored growth. 

Broth: Bright red, slimy sediment. 
No pellicle. 

Milk: Generally acid curd followed by 
slight peptonization. 

Nitrites produced from nitrates. 

Acid from glucose, sucrose, mannitol 
and glycerol. No action on lactose or 
starch. 

Pigment soluble in ether, benzol, car¬ 
bon bisulfide, chloroform and alcohol. 
Not soluble in water (Schneider, loc. 
cit.). 

Saprophytic. 

Grows well at 26® to 37®C. 

Aerobic. 

Source: Original culture isolated by 
Bujwid in Bern, Switzerland and scut to 
Migula at Karlsruhe, Germany. 

Habitat: Unknown. 

16. Micrococcus rhodochrous (Zopf) 
Migula. (Rhodococcus rhodochrous Zopf, 
Berichte d. deutsch. bot. Gescllsch., 9, 
1891, 22; Migula, Syst. d. Bakt., 2, 1900, 
162.) From Greek, rhodum, rose; chros, 
color. 

Spheres: 0.5 to 1.0 micron, occurring 
singly. Non-motile. Gram-variable. 

Gelatin colonies: Small, circular, glis¬ 
tening, raised, entire, dark, reddish- 
brown. 


Gelatin stab: Dark, carmine-red, dry 
surface growth. Slight growth in stab. 
No liquefaction. 

Agar slant: Carmine-red streak, be¬ 
coming brick-red in color. 

Broth; Thick rose-red pellicle with 
red, flocculent sediment. 

Litmus milk: Slightly alkaline. 

Potato: Carmine-rod streak. 

Docs not ferment glycerol and man¬ 
nitol. 

Aerobic. 

Saprophytic. 

Optimum temperature 25®C. 

Habitat: Water. 

17. Micrococcus agilis Ali-Cohen. 
(.\li-Cohen, Cent. f. Bakt., 6, 1889, 36; 
Planosarcina agilis Migula, in Engler 
and Prantl, Die natiirl. Pflanzenfarn., /, 
la, 1895, 20; Micrococcus agilis ruber 
Peppier, Cent. f. Bakt., 1.4bt., 29, 1901, 
352; Planococcus agilis Chester, Man. 
Determ. Bact., 1901, 115; Rhodococcus 
agilis Winslow and Rogers, Jour. Inf. 
Dis., 3, 1906 , 545; Sarcina agilis Endor- 
lein, Sitzber. Gesell. Naturf. Freundc 
Berlin, 1930, 182; not Sarcina agilis 
Matzuschita, Zeit. f. Hyg., 35, 1900, 
496; not Sarcina agilis Saito, Jour. Coll. 
Sci. Imp. Univ. Tokyo, 23, 1908, .) 

From Latin, agilis, agile. 

Spheres, 1.0 micron, occurring singly, 
in pairs and in fours. Motile by means 
of one or two flagella. Gram-variable. 

Gelatin colonies: Small, gray, becoming 
distinctly rose-colored. 

Gelatin stab: Thin, whitish growth in 
stab. On surface thick, rose-red, glis¬ 
tening growth. Generally no liquefac¬ 
tion. 

Agar slant; Glistening, dark rose-red, 
lobed, much variation in color. 

Broth; Slightly turbid, with slight, 
rose-colored ring and pink sediment. 

Litmus milk: Slightly acid, pink sedi¬ 
ment. 

Potato: Slow growth as small, rose- 
colored colonies. 

Loeffler’s blood serum: Pink, spread- 
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ing, shiny, abundant. Slow liquefaction. 
Indole not formed. 

Nitrites produced (trace). 

Ammonia formed (trace). 

Does not utilize NIDlUPOi ns source 
of nitrogen. 

Acid from glucose, sucrose, inulin, 
glycerol and mannitol. No acid from 
rathnose. 

Aerobic. 

Saprophytic. 

Optimum temperature 25*C. 

Source: Isolated from water. 

Habitat: Water, sea water, on sea fish. 

*18. Micrococcus aerogenes (Schott- 
mullcr) Bergey ct al. {Staphylococcus 
aerogenes Schottmuller, Cent. f. Bakt., I 
Abt., Orig., 64, 1912 . 270; Bergey ct a!., 
Manual, Istcd., 1923, 70; not il/icrococcus 
aerogenes Miller, Deutsch. mod. 
Wchnschr,, 12, 1886, 119.) From Greek, 
forming air or gas. 

Description according to Pr6vot, Ann. 
Sci. Nat., Scr. Bot. et Zool., 15, 1933, 
212 . 

Spheres: 0.6 to 0.8 micron, occurring 
in clusters, sometimes in pairs or short 
chains. Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: Small, lenticular, 
nearly spherical, yellowish white. Some 
gas bubbles produced, not fetid. 

Blood agar colonies; Very small, gray¬ 
ish. No true hemolysis, but a narrow 
clear zone is formed. 

Serum agar: Colonies lenticular. Gas 
not fetid. 

Neutral red serum agar : Colonies len¬ 
ticular. Gas produced. Neutral red 
changed to greenish yellow. 

Glucose broth with blood: Turbid. 
Gas produced. Hydrogen sulfide not 
produced. Slight hemolysis. 

Glucose serum broth: Turbid. Gas 

produced. 

Peptone water with serum: Gas. Indole 


Milk: Growth feeble. Neither acid 
nor coagulated. 

Proteins not attacked. 

Glucose and fructose attacked slightly 
by two out of three strains. 

Docs not plasmolysc readily. 

Neutral red broth: Changed to yellow¬ 
ish green. 

Nitrites not produced from nitrates. 
Optimum pH 6.5 to 8.0. 

Optimum temperature 37®C. 
Pathogenic. 

Strict anaerobe. 

Distinctive character: Fermentation 
of glucose and gas production from 
peptones. 

Source; Isolated (Schottmuller) from 
cases of puerperal fever. Three strains 
from infected tonsils studied by Pr6vot. 

Habitat: Natural cavities, especially 
the tonsils and female genital organs. 

19. Micrococcus asaccharolyticus (Dis- 
taso) comb. Jiov. {Staphylococcus asaC’ 
charohjlicus Distaso, Cent. f. Bakt., I 
Abt., brig., 62, 1912, 4-15.) From Greek, 
not dissolving sugar. 

Description according to Pr^vot, Ann. 
Sci. Nat., S^r. Bot., 16, 1933, 211. 

Large spheres: 1.0 to 1.2 microns, 
occurring in very large clusters, also m 
pairs and short chains. Gram-positive. 

Gelatin: At 37°C, growtli resembles 
tufts of cotton which precipitate. No 
liquefaction. 

Deep agar colonies: Very delicate, 
pin-point, transparent. A few bubbles 
of gas produced. 

Broth: Turbid. Growth settles at 
the bottom of the tube as a sort of vis¬ 
cous zooglea. Unpleasant odor pro 
duced. 

Peptone water: Turbid. Indole pro¬ 
duced. 

Milk: Feebly acidified, but not 
coagulated. 

Egg white not attacked. 
Carbohydrates not attacked. 

Strict anaerobe. 


produced. 


* Anaerobic section revised by Dr. Ivan C. Hall, New York, N. Y 
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Distinctive characters: Largo size; 
unpleasant odor; production of indole; 
production of gas. 

Source: Isolated from the large in¬ 
testine of a man with intestinal in¬ 
toxication. 

Habitat: Intestine. Xot common. 
Note: \Yeinbcrg, Nativelle and Prevot 
(Les Microbes Ana(5robies, 1937, 1023) 
regard Micrococcus indolicus Cliristian- 
sen (Ac. Pat. Micr. Scand., IS, 1934, 42) 
as a variety of tins species giving it the 
name ASlaphylococcus asaccharohjticus 
var. iudolicus. This variety differs 
from the species by forming opaque 
lens-shaped colonies and by a more 
abundant production of gas from 
peptone. 

20. Micrococcus nlger Hall. (Jour. 

Bact., 20, 1930, 409.) From I>atin, niger, 
black. 

Small spheres: 0.6 micron in diameter, 
occurring in irregular masses, occasionally 
in pairs. Gram-positive. 

Gelatin: After 5 days a dark sediment 
is produced whicli gradually gets more 
and more intensely black. No lique¬ 
faction. 

Deep agar colonies: Slow growth. At 
first very tiny, colorless, irregularly 
globular, smooth, dense. Small bubbles 
of gas sometimes produced. After sev¬ 
eral days colonies become brown, then 
black. If exposed to air, colonies fade 
to a dull gray. Medium not discolored. 

Blood agar slant: After 4 or 5 days, 
minute, black colonies, round, smooth, 
glistening, 0.5 mm. in diameter. Non¬ 
hemolytic. 

Broth: After 4 or 5 days uniform tur¬ 
bidity and slight production of gas which 
contains HjS. Black sediment. 
Coagulated serum: Minute, brown 
colonics appear on the 8th day. No 
liquefaction. 

Milk: No change. 

Brain medium: Turbid after 4 or 5 days 
at 37®C. Uniform gas production about 
the 6th day. Discoloration of the me¬ 
dium not marked. 


No acid from carbohydrates. Black 
sediment produced. 

Xon-pathogenic for guinea-pigs and 
rabbits. 

Optimum temperature 37®C. No 
growth below 30“C. 

Strict anaerobe. 

Distinctive diameters : Formation of a 
water-in.soluble, black pigment. Growth 
.slow, visible after 2 to 4 days. 

Source: Isolated from urine of an aged 
woman. 

Habitat: Hnknown. 

21. Micrococcus grigoroffi Prevot. 
{Microcorcus Grigoroff, These dc 
Geneve, 1905; Pr6vot, Ann. Sci. Nat., 
Ser. Bot. ct Zool., 15, 1933, 219.) Named 
for Grigoroff, who first isolated this 
organism. 

Small spheres: .\verage size 0.7 micron, 
occurring singly or in irregular masses. 
Gram-positive. 

Gelatin: Colonies appear in four days. 
No licpiefaction. 

Deep agar colonies: .\fter throe days, 
round, lenticular, yellowish. 

Glucose broth: Turbid after 2 days 
with whitish sediment. Neitlior gas 
nor fetid odor produced. The medium 
is acidified. 

Milk: Good growth. Acid, (kjagu- 
lation. 

Acid from glucose, maltose, lactose, 
fructose and sorbitol. 

One strain .slightly patliogenic. 

Optimum temperature 37'’C. 

Strict anaerobe. 

Distinctive characters: This is the 
only anaerobic coccus growing in irregular 
masses that coagulates milk. Tiactose is 
fermented. 

Source: Five strains isolated from the 
appendix by Grigoroff. One strain iso¬ 
lated from an appendix by Pr6vot. 

Habitat: Human digestive tract. Not 
common. 

22. Micrococcus anaeroblus (Hamm) 
comb. nov. (Anaerobic staphylococcus, 
Jungano, Compt. rend. Soc. Biol. Paris, 
59, 1907, 707; Staphylococcus anaerobius 
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Hamm, Die puerpcrale Wundinfcktion, 
Berlin, 1912; not Staphylococcus anacro- 
bins Hcurlin, Bakt. Unters. d. Kcimge- 
haltes im Genitalkanale d. fiebernden 
Wocbncrinnen, Helsingfors, 1910, 120.) 
From Greek, living without air. 

Description according to Prdvot, Ann. 
Sci. Nat., S6r. Bot., I5, 1933, 209. 

Small spheres; 0.5 to 0.6 micron, 
occurring in masses. Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: Lenticular, thick. 
No gas produced. 

Broth: Turbid, later clearing. Sedi¬ 
ment. 

Glucose broth: Good growth. Nei¬ 
ther acid nor gas produced. 

Peptone water: No turbidity. No 
gas. Indole not produced. 

Milk: Neither coagulated nor acidified. 

Coagulated serum not attacked. 

Egg white not attacked. 


Carbohydrates not attacked by the 
strains of Jungano. Acid feebly pro¬ 
duced from glucose and galactose by 
Pr^vot’s strain. 

Does not plasmolyse. 

Temperature relations: Optimum 36° 
to 38°C. At 22°C growth slow, poor. 
No growth below 22°C. Killed in ten 
minutes at 80°C or in half an hour at 
60°C. 

Optimum pH 6.0 to 8.0. 

Pathogenic for guinea-pigs and 

rabbits. 

Strict anaerobe. 

Distinctive characters; Neutral red 
broth remains unchanged. No gas 
produced. 

Source: First isolated by Jungano 
from a case of cystitis. Found by Pr^vot 
in the pus from a suppurated tonsil. 

Habitat; Urinary tract, urethra, in¬ 
testine, buccal cavity and conjunctiva. 


Appendix I*: The following genus is organized ona physiological basis. Because of 
this no attempt is made to fit it into the classification outline. A single species has 
been described. 


Genus A. Methanococcus Kluyver and van Niel. 

(Cent. f. Bakt., II Abt., 94, 1936, 400.) 

Spherical cells, occurring singly or in masses. Motility not observed. No endo 
spores formed. Gram-variable. Chemo-hcterotrophic, anaerobic, fermenting van 
ous organic compounds w’ith the formation of methane. Saprophytes. 

The type species is Methanococcus mazei Barker. 


1. Methanococcus mazei Barker. 
(Pseudosarcina, Maz6, Compt. rend. 
Soc. Biol., Paris, 78, 1915, 398; Barker, 
Arch, f. Mikrobiol., 7,1936,430.) Named 
for Maz6, the French bacteriologist who 
first gave a clearly recognizable descrip¬ 
tion of this type of methane organism. 

Small spherical cells, occurring singly, 
in large, irregular masses, or in regular 
cysts of various sizes and forms. Non- 
motile. Stains readily with erythrosine. 
Gram-variable. 

Grows on calcium acetate enrichment 
media and ferments the acetate vigor¬ 
ously. 


Grows slowly on agar containing 2 per 

cent clear mud extract. 

Ferments acetic and butyric acids w it 
production of methane in the presence o 
COs. Ethyl and butyl alcohols not 

attacked. 

Does not utilize organic nitrogen. 
Obligate anaerobe. 

Grows best at 30° to 37°C. 

Sources: Garden soil, black mud con 
taining H.S, feces of herbivorous ani- 

mals. , .V 

Habitat: One of the most active met - 

ane-producing organisms found in nati^ 


II prepared by Prof. Robert S. York State 

Experiment Station. Geneva. New York. December. 1943. 



FAMILY MICROCOCCACEAE 


249 


Appendix II: The following genus is recognized by workers in the brewing industry. 
It includes species that present characters intermediate between Micrococcus, Sarcina 
and Sireplococcits. Many students prefer to regard these as species of Micrococcus 
(Hucker, N. Y. State Kxper. Sta., Tech. Hul. 102, 102-1, 5), of Sordna (Mace, Traite 
pratique d. Bact., 4th ed., 1901, 4G0) or of Streptococcus (Shimwell, Sect. 670 in 
Hind, Brewing Science and Practice, New \ork, 1940). Others (Mees, Thesis, Delft, 
1934) would include in the genus, the species described as Tctracoccus by Orla-Jensen 
(The Lactic Acid Bacteria, Copenhagen, 1910, 76). 


Genus B. Pediococcus Balcke. 

(Wchnschr. f. Braucrei, 1, 1884 , 257.) 

Cocci occurring singly, in pairs and tetrads. Non-motile. No endosporcs. Gram¬ 
positive. Facultative anaerobes under favorable conditions, especially in acid media. 
Nitrites not produced from nitrates. Produce acidification and more or less clouding 

of wort and beer. Saprophytes. 

The type species is Pediococcus cerevisiae Balcke. 


1. Pediococcus cerevisiae Balcke. 
(Ferment No. 7, Pasteur, fitudes sur la 
bi^re, Paris, 1876, 4; Sarcina Balcke, 
Wchnschr. f. Brauerei, 1, 188-4, 183; 
ihid.,1, 1884,257; jl/erismopcdia cerevisiae 
Dyar, Ann. N. Y. Acad. Sci., 8, 1895, 
348; A/tcrococcus cerevisiae Migula, Syst. 
d. Bakt., 2, 1900, 77; Sarcina cerevisiae 
Mac(5,Trait6 Pratique d. Bact., 4th ed., 
1901, 460.) From Latin, cercrisia, beer. 
Spheres: 1 to 1.3 microns, occurring 
in pairs or tetrads. In acid media 
the latter prevail. Catalase negative. 
Non-motile. Gram-positive. 

No growth in alkaline media. 

Peptone, meat-extract gelatin: White 
becoming yellowish to yellowish brown. 
No liquefaction. 

Wort gelatin with Ca-carbonate: White 
colonies, 2 to 3 mm; carbonate dissolved. 

Meat extract gelatin stab: Growth 
along stab, white raised surface growth. 
No liquefaction. 

Litmus milk: No growth. 

Potato: Scanty growth. 

Acid from glucose, fructose, maltose, 
sucrose. 

Wort and beer: Slight to moderately 
turbid growth, strong development on 
bottom of the flask. Hop sensitive, but 
may develop in heavily hopped beers 
under special conditions. 


Does not utilize urea. 

Nitrites not produced from nitrates. 

Facultative anaerobic. 

Killed at 60®C. in 8 minutes. Optimum 
temperature: 25®C. 

Source: Sarcina-sick beer. 

Habitat: Wort, beer and beer yeast. 

Additional species have been described 
from spoiled wort and beer which vary 
but slightly from the species first named 
and described by Balcke. These are 
listed below together with other species 
that have been placed in the genus. 

Pediococcus acidilaciici Lindner. 
(Lindner, Wchnschr. f. Brauerei, 5, No. 
23, 1887, see Cent. f. Bakt., 2, 1887, 342; 
also see Die Sarcina-Organismen der 
Gahrungsgewerbe, Lindner, Inaug. Diss., 
Berlin, 1888, 26, and Cent. f. Bakt., 4, 
1888, 429; Micrococcus pseudocerevisiae 
Migula, Syst. d. Bakt., 2, 1900, 77; Mi¬ 
crococcus acidi-laciici Chester, Man. 
Determ. Bact., 1901, 88.) From spoiled 
mash. 

Pediococcus albus Lindner. (Die Sar¬ 
cina-Organismen der Gahrungsgewerbe, 
Lindner, Inaug. Diss., Berlin, 1887, 39; 
see Cent. f. Bakt., 4,1888, 429; A/icrococ- 
CU 5 pscudosarcinaMigula, Syst. d. Bakt., 
2, 1900, 92; Micrococcus albus Chester, 
Man. Determ. Bact., 1901, 97.) From 
spoiled beer. 

Pediococcus damnosus Claussen. 
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(Compt. rend. Trav. Labor, de Carlsberg, 

6, 1906, Streptococcus damnosus Shim- 
well and Kirkpatrick, Jour. Inst. Brew¬ 
ing, 45y 1939, 137.) From clear, spoiled 
beer. 

Pediococcus halophilus Mecs. (Tetra- 
coccus No. 1, Orla-Jensen, The Lactic 
Acid Bacteria, 1919, 77; Mees, Thesis, 
Delft, 1934, 94.) From anchovy pickle. 

Pediococcus hennchergi Sollied. 
(Ztschr. Spiritusindus., 28, 1903, 491.) 
From spoiled beer. 

Pediococcus kochii Trevisan. (Mikro- 
kokkus in Wundsecrcten bei Menschen, 
Koch; Trevisan, I gcneri c le specie dolle 
Batteriacee, Milan, 1889, 28.) 

Pediococcus penlosaceus Mecs. (Tetra- 
coccus No. 2, Orla-Jensen, The Lactic 
Acid Bacteria, 1919, 78; Mees, Thesis, 
Delft, 1934, 94.) From yeast. 

Pediococcus perniciosus Claussen (foe. 
cit.). From clouded, spoiled beer. 

Pediococcus sarcinaeformis Beichard. 
(Ztschr. f. d. ges. Brauwesen, 17, 1894, 
257.) From spoiled beer. 

Pediococcus urinae equi Mecs. (Pfer- 
deurinsarcina, von Huth, Alg. Ztg. f. 
Bierbcr. u. Malzfabr., 185 , 968 and 981, 
1885; ibid., 1886, 141; Mees, Thesis, 
Delft, 1934, 95.) From horse urine. 

Pediococcus violaceus (Kiitzing) Trevi¬ 
san. {Merismopedia violacea Kiitzing; 
Trevisan, I generi e le specie dellc Bat¬ 
teriacee, Milan, 1889, 28.) 

Pedioplana haeckeli Wolff. (Cent. f. 
Bakt., II Abt., IS, 1907, 9.) Motile. 
From rotting beets. Placed in a new 
genus Pedioplana Wolff (foe. cit., 9). 

Streptococcus damnosus var. mucosus 
Shimwell. (Shimwell, Sect. 670, Hind, 
Brewing Science and Practice, New 
York, 1940.) From ropy beer. 

Appendix III*. The following species 
have been found in the literature and are 
listed here chiefly for their historical 
interest. Many are incompletely de¬ 
scribed, while many others are identical 


with previously described species. See 
Monographs by Winslow' and Winslow, 
Systematic Relationships of the Cocca- 
e'eae, 1908and Huckcr, N. Y. State Exper. 
Sto., Tech. Buis. Nos. 99-103. Refer¬ 
ences are to Tech. Bui. 102. 

/1.9COCOCCUS cantabridgensis Hankin. 
(Quoted from Lehmann and Neumann, 
Bakt. Diag., 2 Aufl., 2, 1899, 165.) Mi- 
gula (Syst. d. Bakt., 2, 1900,195) reports 
he is unable to find further reference to 
this organism and we likewise arc unable 
to trace it. From the human mouth. 

/Iscococcus gangrenosus Bevan. (Med. 
News, No. 1003,1892, 375; Abst. in Cent, 
f. Bakt., IS, 1893, 796.) From a gan¬ 
grenous foot. 

/IscococcMS vibrans van Tieghern. (Bui. 
Soc. Bot. France, 27, 1880, 150.) From 
water. 

Aurococcus tropicus Chalmers and 
O’Farrell. (1913, quoted from Castel¬ 
lan! and Chalmers, Man. Trop. Med., 
3rd ed., 1919, 931.) Found in Ceylon in 
granulating ulcers of skin. 

Coccus carduus Hcurlin. (Bakt. Un- 
ters. d. Keimgehaltes im Genitalkanale 
d. fiebernden Woehnerinnen. Helsing¬ 
fors, 1910, 136.) Anaerobic. From 

genital canal. 

Coccus caudatus Heurlin {loc. cit., 84). 
From genital canal. 

Coccus vaginalis Heurlin (loc. cit., 79). 
From genital canal. 

Galactococcus albus Guillebeau. (Land- 
wirtsch. Jahrb. d. Schweiz, 4> 1892 , 27» 
Abst. in Cent. f. Bakt., 12, 1892, 101.) 
From milk from an inflamed udder. 

Galactococcus fulviis Guillebeau (loc- 
cit.). From milk from an inflamed udder. 

Galactococcus versicolor Guillebeau 
(loc. cit.). From milk from an inflamed 
udder. 

Gyrococcus flaccidifex Glaserand 

man. (Science, S6, 1912, 219.) Isolate 
from the gj'psy moth, Porthetna 

Jodococcus vaginatus Miller. (^L er, 


* Prepared for Prof. G. J. Hucker by Mrs. Eleanore Heist Clise, New lork State 
Experiment Station, Geneva, New' York, March, 1943. 
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Mikroorganismen der Mundhdhie, 1889, 
54; Bacterium iogenum Baumgartner, 
Ergebnisse d. ges. Zahnheilk., llcft 2, 
1910,729; Abst. in Cent. f. Bakt., I Abt., 
Ref., 4^, 1911, 621.) From the oral 
cavity. 

Merismopedia auranliaca Maggiora. 
(Giorn. Soc. Ital. d’lgiene, II, 1889, 354; 
Abst. in Cent. f. Bakt., 8, 1890, 13.) 
From the normal skin of the human foot. 

il/icrococcus achrous Migula. (No. IG, 
Lembke, Arch. f. Hyg., 26, 1896, 310; 
Migula, Syst. d. Bakt., 2, 1900, 201.) 
From feces. Winslow and Winslow (Sys¬ 
tematic Relationships of the Coccaceae, 
1908,224) state that this species is appar¬ 
ently a synonym of Micrococcus candi- 
cans Fliigge. 

Micrococcus acidi lactici Marpmann. 
(Ergiinzungsheft d. Cent, f. allg. Gesund- 
heitspftege, 2, 1886, 22.) Found in fresh 
milk. 

Micrococcus acidovorax Mllller-Thur- 
gau and Osterwaldcr. (Cent. f. Bakt., 
II Abt., 36, 1913, 236.) From wine. 
Hucker {loc. cil., 6) considers this a 
synonym of Micrococcus luieus (A)hn or 
Micrococcus varians Migula. 

Micrococcus acne Holland. (Jour. 
Bact., 6, 1920, 223; Staphjlococcus acne 
Holland, ibid., 225; see Micrococcus cutis 
communis Sabouraud.) 

Micrococcus (Staphylococcus) acridi- 
cida Kufferath. (Ann. de Gembloux, 
27, 1921, 253.) Isolated from diseased 
locusts from Greece. Resembles Micro¬ 
coccus aureus Zopf. 

Micrococcus aerius Chester. (No. 49, 
Conn, Storrs Agr. Exp. Sta. 7ih Ann. 
Rept., 1895, 81; Chester, Man. Determ. 
Bact., 1901, 104.) From dust. Hucker 
[loc. cii,, 12) states that this species 
appears to be identical with Micrococcus 
aureus Zopf. 

Micrococcus aerogenes Miller. (Miller, 
Deutsche mod. Wchnschr., 12, 1886, 119; 
not Micrococcus aerogenes Borgey et al., 
Manual, 1st cd., 1923 , 70.) From the 
alimentary canal. 


Micrococcus agilis albus Catterina. 
(Cent. f. Bakt., I Abt., Orig., 34, 1903, 
108.) Found in septicemia of rabbits. 
Motile with one or two flagella. 

Micrococcus albatus Kern. (Arb. bakt. 
Inst. Karlsruhe, I, Heft 4, 1897, 479.) 
From the intestine of a woodpecker 
(Picus major). Winslow and Winslow 
(Systematic Relationships of the Coc- 
caccae, 1008, 199) state that this species 
appears to be a synonym of Micrococcus 
albus Schrocter; while Hucker (N. V. 
.Vgr. Kxpor. Sta., Tech. Bull. 102, 19) 
regards it as a synonym of Micrococcus 
freudenreichii Guillebeau or Micrococcus 

• 

ureae Cohn. 

Micrococcus albescens Ilenrici. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 1, 1894, 
76.) From cheese. Winslow and Wins¬ 
low (loc. cit., 199) state that this species 
appears to be a synonym of Micrococcus 
albus Schrocter; while Hucker (loc. cit., 
19) regards it as a synonym of Micrococ¬ 
cus freudenreichii Guillebeau or of Mi¬ 
crococcus ureae Cohn. 

Micrococcus albidus Ixjsski. (Ix)sski, 
Inaug. Diss., Dorpat, 1893, 55; not 
Micrococcus albidus Hcnrici, see Micro¬ 
coccus subniveus below; not Micrococcus 
albidus Uoze, Compt. rend. Acad. Sci. 
Paris, 122, 1896, 750.) From soil. 
Hucker (/ac. cit., 19) regards this species 
as a synonym of .Micrococcus freuden- 
reichii Guillebeau or Micrococcus ureae 
Cohn. 

Micrococcus albocereus Migula. (Sta¬ 
phylococcus cereus albus Basset, Unter- 
such. ii. d. Aetiol. d. citerigen Phlegmonc 
d. Mcnschcn, Berlin, 1885, 53, and Fort- 
schr. d. Med., 5,1885; Micrococcus cereus 
albus Fliigge, Die Mikroorganismen, 2 
Aufk, 1886, 182; Staphylococcus cereus 
Trevisan, I generi c le specie delle Bat- 
teriacee, Milan, 1889, 32; Migula, Syst. 
d. Bakt., 2, 1900, 56; Staphylococcus 
cereus-albus Holland, Jour. Bact., S, 1920, 
225.) From human pus, also from water. 
Winslow and Winslow (Systematic Rela¬ 
tionships of the Coccaceae, 1908, 205) 
consider this a synonym of Micrococcus 
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candidus Cohn or of Gajfkya tetragcna 
Trevisan. 

MicTococcus albus hrankland and 
Frankland. (Phil. Trans. Hoy. Soc., Lon¬ 
don. 178, B. 1888, 264; not .Uicrococcus 
albus Matzuschita. Cent. f. Bakt., I 
Abt., 29, 1901, 382; not jVicrococcus 
albus Buchanan, Veterinary Bacteri¬ 
ology, 1911, 196; not 4/icrococcws albus 
Mac^, TraiU Pratique de Bact., 6th 
4d., 1912, 605.) From air. Resembles 
il/icrococcus candicans. 

Micrococcus albus II Maggiora. 
(Cent. f. Bakt.. 8, 1890, 13.) See Micro¬ 
coccus opalcscens De Toni and Trevisan. 
From the skin of the human foot. 

il/icrococcus amplus Migula. (Grau- 
weisser Diplococcus, Bumm, Der Mikro* 
org. d. gonorrh. Schlcirahauterkrank., 

1 Aufl., 1885, 17; Micrococcus albicans 
amplus Flugge, Die Mikroorganismen, 2 
Aufl., 1886, 183; Acisseria albicaiis 
Trevisan, I generi e le specie dclle Bat- 
teriacce, Milan, 1889, 32; Diplococcus 
albicans amplus Eisenberg, Bakt. Diag., 

3 Aufl., 1891. 24; Migula, Syst. d. Bakt., 
2 ,\%0, US', Micrococcus albicans Chester, 
Man. Determ. Bact., 1901, 80.) From 
vaginal secretions. Hucker {loc. cit., 
15) considers this species identical with 
/1/icrococcus albus Schroeter. 

Micrococcus ampullaceus Kern. (.\rb. 
bakt. Inst. Karlsruhe, 1 , Heft 4,1897,477.) 
From the intestine of a dove (Coi«m6a 
oenas). Hucker {loc. cit., 19) considers 
this a synonym of Micrococcus freuden- 
reichii Guillebeau or Wicrococcws ureae 
Cohn. 

Micrococcus annulatus Kern {loc. cit., 
490). From the stomach contents of the 
hedge sparrow {Passer montanus) and 
the intestine of the rock dove {Columba 
livia). Winslow and Winslow (Syste¬ 
matic Relationships of the Coccaceae, 
1908,216) consider this species a synonym 
of Micrococcus flavus Lehmann and Neu¬ 
mann. 

il/icrococcus aquatilis Bolton. (Zschr. 
f. Hyg., 1, 1886, 94; not iVfcrococcws 
aquatilis Chester, see below.) From 


water. Winslow and Winslow {loc. cit., 
224) state that this species is apparently 
a synonym of Micrococcus candicans 

FIhgge- 

Micrococcus aquatilis Chester, (ilt* 
crococcns aquatilis invisibilis Vaughan, 

Amer. .lour. Med. Sci., 104, 1892, 183, 
Cliester, Man. Determ. Bact., 1901, 88.) 
From water. Winslow and Winslow {loc. 
cit., 224) state that this species is ap¬ 
parently a synonym of Micrococcus candi¬ 
cans FUigge. 

4/icrococc?/s aquatilis albus. (Quoted 
from Toporoff, Protok. d. Kaiserl. kau- 
kasisch Mediz. Gescllsch., 1892, No. 21; 
Abst. in Cent. f. Bakt., IS, 1893, 487.) 
From water. 

.Utcrococcus aquatilis flavus. (Quoted 
from Toporoff, loc. cit.) From 

Micrococcus aqueus Migula. (No. i 
Lembke, Arch. f. Hyg., 26, 1896, 317; 
Migula. Syst. d. Bakt., 5, 1900, 2(B.) 
From feces. Winslow and 4Mnslow {loc. 
cit., 184) state that this species is appar¬ 
ently a synonym of il/icrococcus aareus 
Zopf, while Hucker {loc. cit., 15) regar s 
this as a synonym of . 1 /icrococcns al as 
Schroeter. 

Micrococcus arborescens lactis Conn. 
(Conn, Storrs Agr. Exp. Sta. 12 th Ann. 
Rept., 1900, 46; Micrococcus faefts a'’’ 
horescens Conn, Esten and Stoc 'inB* 
Storrs Agr. Exp. Sta. 18th Ann. Rept-. 
1907, 110.) From milk. Hucker {loc- 
cit., 21) regards this as a synonym o 
MicTococcus candidus Cohn or Microco 
cus epidermidis Hucker. 

Micrococcus argenteus Migula. ( 

27, Lembke, Arch. f. Hyg., 26, 1896» ’ 

Migula, Syst. d. Bakt., 2, 1900, • 

From feces. Winslow and Winslow (loc- 
cit., 184) state that this species is appa 

ently a synonym of 

Zopf, while Hucker {loc. cit., 10) 

siders it a synonym of Micrococciis con 


glomeratus Migula. 

Micrococcus ascoformans 3oane- \ ^ 

gloea pulmonis equi Bollinger, re 
path. Anat., 49. 1870 . 583; D,scomyas 
equi Rivolta, Giom. di Anat. e Fisiolog-. 
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20, 1884; Johne, Ber. u. d. Veterin. im 
Konigr. Sachsen, Jahr 1885, 47; .4scococ- 
cu$ johnei Cohn in letter to .loline, 
Deutsche Ztschr. f. Thiermed., 1£, 1880, 
210; il/icrococcus hotnjogenus Rabe, Dcut. 
Ztschr. f. Thiermed., 12, ISSO, 137; 
Bolnjomyces cqni Bollinger, Dcut. 
Ztschr. f. Thiermed., 13, 1SS7, 170; 
Botryococcus ascoformans Kitt, Cent. f. 
Bakt., 3, 1888, 247; BolUngera cqui 
Trevisau, I generi e le specie delle Bat- 
teriacec, Milan, 1889 , 20; Staphylococcus 
ascoformans Ford, Te.xtb. of Bact., 1927, 
424; Staphylococcus aureus var. cqui 
Hauduroy ct al., Diet. d. Bact. Path., 
1937, 504.) Causes botryomycosis in 
horses. Lehmann and Neumann (Bakt. 
Diag., 7 AuH., 2, 1927 , 291) consider this 
a form of Micrococcus aureus Zopf; wliile 
Hucker {loc. cit., 15) regards this as a 
form of Micrococcus albus Sclirocter. 

il/icrococcas ascoformis Fermi. (Arcli. 
f- Hyg., 10, 1890, 10.) Presumably in¬ 
tended for M icrococcus ascoformans Johne . 

il/icrococc»s asper Migula. (Seibert, 
Inaug. Diss., Wurzburg, 1804,12; Migula, 
Syst. d. Bakt., 2, 1900, 82.) From a 
hairbrush, Winslow and Winslow (loc. 
cit., 205) consider this species to be a 
synonym of il/icrococcus Candidas Colin 
or of Gaffkya tetragena Trevisau. 

Micrococcus auranliacus-sorghi Bruyn- 
ing. (Arch. N^^er. Sci. Exact, ct Nat., 
2, 1898, 297; Streptococcus aurantiacus 
Chester, Man. Determ. Bact., 1901, 09.) 
From sorghum. 

Micrococcus aureus Chester. (Micro¬ 
coccus cremoides aureus Dyar, Ann. N. Y. 
Acad. Sci., 8,1895, 349; Chester, Manual 
Determ. Bact., 1901, 90.) From dust. 
Regarded by Dyar as a varietal form of 
Micrococcus cremoides Zimmermann. 
Winslow and Winslow (loc. cit., 184) 
consider this species a synonym of Mi¬ 
crococcus aureus Zopf. 

Micrococcus aurews lactis Conn. (Storrs 
Agr. Exp. Sta. 12th Ann. Kept., 1900, 
30.) From milk. This seems to be 
identical with Micrococcus lactis aureus 
A, Conn, Eaten and Stocking, Storrs 


Agr. Exper. Sta. 18th Ann. Kept., 1907, 
119. Hucker (loc. cit., 9) regards this 
species as identical in part with .Micrococ¬ 
cus Jlarus Lehmann and Neumann and 
with Micrococcus conglomeratus Migula. 

.1/icrococcus (Sarcina) 5acca/us Migula. 
(No. 18, Lembkc, Arch. f. I!yg.,28,1896, 
311; Migula,Syst. d. Bakt., 2, 1900, 202.) 
From feces. B’inslow and Winslow (loc. 
cit., 232) state that tins is a yellow, gcla- 
tin-li(iuefying sarcina, apparently a syn¬ 
onym of Sarcina flava De Bary. Hucker 
(loc. cit., 10) considers this a synonym of 
.1/fcrocorrus conglomeratus Migula. 

Micrococcus badiiis Lehmann and Neu¬ 
mann. (Bakt. Diag., 1 Aufi., 2, 1896, 
163.) Received from the Krai collection 
as Sarcina lutca. Winslow and Winslow 
(loc. cit., 216) consider this a synonym 
of Micrococcus flavus Lehmann and Neu¬ 
mann. 

Micrococcus baregensis purpureas Ro- 
binc and Hauduroy. (Compt. rend. Soc. 
Biol., Paris, 98, 1928 , 25.) From hot 
sulfur springs at Bareges. 

Micrococcus beigelii (Rabenhorst) Mi¬ 
gula. (Pleurococcus beigelii Klichcn- 
inoister and Rabenhorst, Hedwigia, 1867, 
No. 4; Sclerotium beigclianum Hallicr, 
1868; Zoogloca beigcliana Eborth, 1873; 
Ilyalococcus beigelii Schroeter, Kryptog.- 
Flora v. Schlosien, 5, 1, 1886, 152; 
Chlamydatomus beigelii Trevisan, Rendi- 
conti Rcale Inst. I^ombardo de Sci. e 
Lett., Ser. II, 12, 1879, 22; Migula, Syst. 
d. Bakt., 2, 1900, 193; Trichosporum 
beigelii Vuilleinin, 1901.) From human 
hair. 

Micrococcus beri-beri Pekelharing. 
(Pekelharing, AVeekblad v. h. Ned. 
Tijdschr. v. Gcncesk., No. 25; also 
Pekelharing and Winkler, Dcut. med. 
Wchnschr., No. 39, 1887, 845; Neisseria 
winkleri Trevisan, I generi e le specie 
dclle Battcriacce, Milan, 1889,32.) Con¬ 
sidered the cause of beri-beri by Pekel¬ 
haring. Winslow and Winslow (loc. cit., 
184) state that this is apparently a 
synonym of Micrococcus aureus Zopf; 
while Hucker (loc. cit., 11) considers 
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this a synonym of Micrococcus citreus 
Migula. 

Micrococcus bicolor Kern. (Arb. bakt. 
Inst. Karlsruhe, I, Ilcft 4, 1897, 485.) 
From the intestine of a dove {Columba 
oenas). Hucker {loc. cit., 21) considers 
this a synonym of Micrococcus candidus 
Cohn or of Micrococcus cpidermidis 
Hucker. 

Micrococcus billroihii (Cohn) Migula. 
(Ascococcws billrothii Cohn, Beitr. z. 
Biol. d. Pdanzen, 1, Heft 3, 1875, 151; 
Migula, Syst. d. Bakt., 2, 1900, 195.) 
Found in putrefying meat infusion. 

Micrococcus biskra Ilcydenreich. 
(Heydenreich, Ausgabe d. Ilaupt Mcd.- 
Verhalt., St. Petersburg, 1888; see Cent, 
f. Bakt., 5, 1889, 1G3; Staphylococcus 
biskrae Trevisan, I generi e le specie delle 
Battcriacee, Milan, 1889 , 32; jUjcrococ- 
cus heydenreickii Chester, Man. Determ. 
Bact., 1901, 91.) Found in ulcers in an 
Oriental skin disease. Winslow and 
Winslow {loc. cH.y 184) state that this is 
apparently a synonym of il//crococc«5 
aureus Zopf; while Hucker {loc. cit., 
11) considers it a synonym of il/icrococ- 
cus citreus Migula. 

Micrococcus boleti Passcrini. (Erbar. 
crittogam. Italiano, II scr., No. 1199; 
quoted from Trevisan, I generi e le 
specie delle Batteriacec, Milan, 1889, 
34.) Saprophytic on a fungus {Boletus 
edulis). 

Micrococc^is bombycis (Nacgeli) Cohn. 
{Panhistophyton ovatum Lebert, Jahres- 
ber. u. d. Wirksamkfiit d. Vercins z. 
Beford. d. Scidenbaues f. Brandenburg 
im Jahre 1856-57, 28; and Berliner En- 
tomolog. Ztschr., 1858; Nosema bombycis 
Naegeli, Botan. Sect. d. 33 Vcrsaminlg. 
d. Naturf. u. Aerzte in Bonn, 1857, 160; 
and Botan. Zeitg., 1857, 760; Microzyma 
bombycis B6champ, Compt. rend. Acad. 
Sci., Paris, 64, 1867, 1045; Cohn, Beitr. 
z. Biol. d. Pflanzen, I, Heft 2, 1872, 165; 
.l/icrococcus ovalus Winter, in Raben- 
horst, Krypt. Flora v. Deutschl., Oes- 
terr. u. d. Schweiz, 2 Aufl., 1, 1884 , 47; 

Streptococcus bombycis Zopf, Die Spalt- 


pilze, 2 AuH., 1884, 52.) Found in the 
blood and organs of diseased silkworms 
{Bombyx mori). 

Micrococcus boreus Issatchenko. (Re- 
cherches sur les Microbes dc I’Oce^n 
Glacial Arctique, Petrograd, 1914, 144.) 
From sea water. 

.l/icrococc»s boviniis Migula. (Micro¬ 
coccus dcr Lungcnseuche der Kinder, 
Pools and Nolen, Fortschr. d. Med., 
1886, 217; Migula, Syst. d. Bakt., 2, 
1900, 67.) From the lungs of diseased 
cattle. Hucker {loc. cit., 22) regards 
this a synonym of Micrococcus candidus 
Cohn or of Micrococcus epidermidis 
Hucker. 

Micrococcus bovis Migula. (Hemato- 
coccus. Babes, Compt. rend. Acad. Sci., 
Paris, J07, 1888, 692 and 110, 1890 , 800 
and 975; also see Arch. f. path. Anat., 
116, 1889; Neisseria babesi Trevisan, I 
generi e le specie delle Batteriacec, 
Milan, 1889, 32; Ilaematococcus bovis 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
271; Migula, Syst. d. Bakt., 2, 1900, 85.) 
From the blood and organs of cattle. 

Micrococcus burchardti Trevisan. 
(Coccus bei keratitis phlyctacnulosa, 
Burchardt, Cent. f. Bakt., 1, 1887, 392, 
Trevisan, I generi c le specie delle Bat- 
teriacce, Milan, 1889, 33.) Pathogenic. 
From the cornea of a rabbit. 

il/icrococcus butyri (v. Klecki) Migula. 
(Diplococcus butyri von Klecki, Cent, 
f. Bakt., 16, 1894, 358; Migula, Syst. d. 
Bakt., 2,1900,216.) From rancid butter. 
Winslow and Winslow (loc. cit., 220) con 
sidpr this a svnonvm of Micrococcus 


luteus Cohn. 

Micrococcus butyriJluorescens Teichert. 
(Inaug. Diss., Jena, 1904; Abst. in Cent, 
f. Bakt., II Abt., IS, 1904 , 561.) From 

milk. Exhibits a green fluorescence. 

icrococcus butyricus (von Klee'i 
Migula. {Tetracoccus butyricus von 
Klecki, Cent. f. Bakt., 16, 1 S 94 , 3W; 
Migula, Syst. d. Bakt.. 2. 1900, 216.) 
From rancid butter. W^inslow an 
slow (loc. cit., 220) consider this a syn¬ 
onym of Micrococcus luteus Cohn. 
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iVicrococcus calco-aceiicus Bcijerinck. 
(Proc. Sect. Sci., Kon. Akad. v. Weten- 
schappen, 13, 1911, 1066; Abst. in Cent, 
f. Bakt., II Abt., SI, 1912, 290.) Occurs 
commonly in soils. 

Micrococcus campeneus Orme. (Jour. 
Trop. Med. and Hyg., II, 1908, No. 10, 
May 15; Abst. in Cent. f. Bakt., I .Abt., 
Ref., 4S, 1909, 299.) 

il/icrococcMS candicans Fltigge. (Die 
Mikroorganismen, 2 Aufl., 1886, 173; 
Albococcus candicans Winslow and 
Rogers, Jour. Inf. Dis., 5, 1906, 544; 
Staphylococcus candicans Holland, Jour. 
Bact., 5, 1920, 225.) From air, water 
and milk. Hucker (foe. cit., 22) regards 
this a synonym of Micrococcus Candidas 
Cohn or of il/icrococcns epidermidis 
Hucker. For a description of this spe¬ 
cies, see Bergey et al., Manual, 5th ed., 
1939, 255. 

Micrococcus cancscens Migula. (Mi¬ 
crococcus No. 4, Adametz, I^ndwirtsch. 
Jahrb., 18, 1889 , 240; Migula. Syst. d. 
Bakt., 2, 1900, 51; Albococcus canescens 
Winslow and Rogers, Jour. Inf. Dis., S, 
1906, 544; Staphylococcus canescens Hol¬ 
land, Jour. Bact., 6, 1920, 225.) From 
Emmenthal cheese. Winslow and Win¬ 
slow Hoc. cii., 224) state that this is 
apparently a synonym of Micrococcus 
candicans Fliigge. 

ilftcrococcus capillorum (Buhl) Tre- 
visan. {Zoogloea capillorum Buhl, 
Ztschr. f. ration. Med., II Rcihe, 14, 18"» 
356; Palmella capillorum Kiihn, Abhandl. 
d. Naturf. Ges. zu Halle, 9, Heft 1, 18-, 
62; Palmcllina capillorum Rabenhorst, 
Flor.Eur. Alg.,3,1856 (?), 35 ;Trevisan, 
I gencri c le specie dellc Batteriacee, 
Milan, 1889, 33.) From the skin. Con¬ 
sidered pathogenic. 

Aficrococcus capsaformans Jamieson and 
Edington. (Brit. Med. Jour., 1, June 11, 
1887, 1262; Micrococcus capriformis (sic), 
Abst. in Cent. f. Bakt., 2, 1887 . 223.) 
From the scales and blood of scarlet 
fever patients. Not pathogenic. 

Micrococcus carho Renault. (Compt. 
rend. Acad. Sci., Paris, IBS, 1896, 935.) 


Micrococcus carneus Zimmermann. 
(Roter Coccus, Maschek. Bakt. Untcr- 
such d. Leitmeritz. Trinkwassers, No. 
5, 1887, 60; Zimmermann, Die Bakt. 
unserer Trink- u. Nutzwasser, Chem¬ 
nitz, I Reihe, 1890, 78.) From water. 
Hucker (loc. cil., 25 and 26) regards 
this species as identical with Micrococcus 
roseus Fliigge or Micrococcus cinna- 
bareus Fliigge. 

.l/jcrococcMS carnicolor Frankland and 
Frankland. (Phil. Trans. Roy. Soc. 
Ix)ndon, 178, B, 1888, 263; not Micrococ¬ 
cus carnicolor Kern, see Micrococcus 
subcarnens below.) From air. Hucker 
Hoc. cit., 25) states that this species 
may be identical with Micrococcus 
roseus Fliigge. 

Micrococcus carniphilus Wilhelmy. 
(Arb. bakt. Inst. Karlsruhe, 3, 1903, 10.) 
From a meat extract. 

Micrococcus casei amari edamicus 
Raamot. (Inaug.Di5S.,Konigsbcrg, 1906; 
Abst. in Cent. f. Bakt., II Abt., 18, 
1907, 348.) From pasteurized skim milk. 

Micrococcus castellanii Chalmers and 
O’Farrell. (Ann. Trop. Med. and Para- 
sitol.,7, 1913 , 528 ; /?/) 0 (/ococci/scas/e/ianu 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919,2102.) Found in the 
red variety of trichomycosis axillaris, a 
tropical disease. 

Micrococcus cartharinensis Issat- 
chenko. (Rccherches sur les Microbes 
de I’Ocedn Glacial Artique, Petrograd, 
1914, 148.) From sea water. 

Micrococcus cellaris (Schroetcr) Mi¬ 
gula. {Leucocysiis cellaris Schrocter, 
Kryptog. Flora v. Schlesicn, S, 1886,152; 
IMigula, Syst. d. Bakt., 2, 1900, 195.) 
From a coating on the walls of damp 
cellars and mines. 

Micrococcus centropunclatus Issat- 
chenko. (Recherches sur les Microbes 
de POcedn Glacial Arctique, Petrograd, 
1914, 146.) From sea water. 

Micrococcus cerasinus Migula. (Mi¬ 
crococcus aus roter Milch, Keferstein; 
Cent. f. Bakt., I Abt., 21, 1897, 177; Mi¬ 
crococcus cerasinus lactis Heim, Lehrb. 
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a. Bakt., 2 Auil., 1S98, 299; Migula, 
Syst. a. Bakt., 2, 1900, 170; not Muro- 
ctfccus ccrasifitt6' Beliinunii ami Xcnmann, 

Bakt. Diag., 1 AuH., 2, 1S9G, 179; Micro- 

cocci/s }:cfcrsicinii Clicstcr, Man. Uo- 
term. Bact., 1901, 107.) From ml milk. 
Hueker {loc. c(k, 2C) rcgaixls this species 
as iaentical with Micrococcus cinna- 
bareus Fliigge. 

.l/jcrococct<s cereus Migula. (Staphy¬ 
lococcus cereus Jlavus Basset, Unter- 
suchungen uber Oie Actiologio der citcri- 
gen Bhlcgmone des Menschen, 1S85, 53; 
Micrococcus cereus Jlavus FUigge, Die 
Mikroorganisraen, 2 .\uU., 1886, 182; 
Staphylococcus passeli Trevisan, I generi 
e le specie delle Battcriacoe, Milan, 
1889, 32; Migula, Syst. d. Bakt., 2, 1900, 
126; Staphylococcus cereus-jlavus Hol¬ 
land, Jour. Bact., 5, 1920, 225.) From 
pus. Winslow and Winslow (loc. dt., 
220) consider this species identical with 
Micrococcus lutcus Migula. For a de¬ 
scription of this organism, see Bcrgcy 
ct al., Manual, 5th ed., 1939, 241. 

Micrococcus cereus aureus Dyar. 
{.\nn. N. Y. Acad. Sci., 8, 1895, 347.) 
Obtained as Staphylococcus cereus aureus 
from Krai’s laboratory; also found in air. 

Micrococcus cerinus Henrici. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 1, 1894, 
84.) From Swiss cheese. Winslow and 
Winslow (loc. cil., 216) consider this a 
synonym of Micrococcus Jlavus Trevisan. 

.1/icrococcus chersonesia Corbet. 
(Quart. Jour. Rubber Research Inst., 
Malaya, 2, 1930, 150.) From the latex 
of the rubber tree (Ilevea brasiliensis). 
For a description of this species, see 
Bergey et al., Manual, 5th ed., 1939, 
258. 

J/icrococcus chinicus Emmerling and 
Abderhalden. (Cent. f. Bakt., II Abt., 
10, 1902, 337.) Butrefying meat. 

J/icrococcus chlorhius Cohn. (Grtin- 
gelber Coccus, Maschek, Jahresber. d. 
Kom.- Oberrealschule zu Leitmeritz, 
1887, 66; Cohn, Beitr. z. Biol. d. Pflanzen, 

Heft 2, 1872, 155.) From water and 
dust. Hueker (loc. ciL, 10) considers 


this a synonym of Micrococcus conglom- 
cratus Migula. 

M icrococcus chrouiidrogcnus citreus 
Tiommsdorll. (Mlincii. Med. Wochn- 
schr., 1904, No. 29, 12S6; Abst. in Cent, 
f. Bakt., I Abt., Ref., 37, 1905, 60.) 
Isolated from a case of chromidrosis of 
the axilla. 

Micrococcus chrotnidrogenus ruber 
TroramsdoriY (loc. cil.). Isolated from 
a case of chromidrosis of the axilla. 

Micrococcus chromojlavus Huss. 
(Cent. f. Bakt., II Abt., 19, 1907, 520.) 
From cheese 

Micrococcus chryseus Frankland and 
Frankland. (Phil. Trans. Roy. Soc. 
London, 178, B, 18S8, 268.) From dust. 
Winslow and Winslow (loc. cit., 184) 
state that tliis species is apparently a 
synonym of Micrococcus aureus Zopf- 
.1/icrococcus cinnabarinus Zimmer* 
mann. (Die Bakt. unsercr Trink- u. 
Nutzwiisscr, Chemnitz, 1 Reihe, 1890, 
76.) From water. Hueker (/oc.c/L,26) 
regards this species as identical with 
Micrococcus cinnabartus Fliigge. 

.1/icrococcus cirrhifonnis Migula. 
(Rankcn Coccus, Maschek, Jahresber. 
d. Kom.- Oberrealschule in Leitmeritz, 
1887, 66; Migula. Syst. d. Bakt., 2, 19W, 
53.) From water. Hueker (loc. cil., 22) 
considers this a synonym of J/icrococcus 
candidus Cohn or of ,1/icrococcus epider 
midis Hueker. 

Micrococcus citreus I and //, Maggiora. 
(Giorn. Soc. Ital. dTgicne, 11, 1889, 354; 
Abst. in Cent. f. Bakt., 8, 1S90, 13, no 
.l/icrococcus citreus Eisenberg, Bakt. 
Diag., 3 Aufl., 1891, 36; not J/icrococcus 
citreus Migula, Syst. d. Bakt., 2, 1900. 
147; not .1/icrococcus ci/reus Winslow and 
Winslow, Systematic Relationships of 
the Coccaceae, 1908, 218.) From t e 

normal skin of the foot. 

Micrococcus citreus granulalus Freunc • 
(Inaug. Diss., Erlangen. 1893 , 27 ; Abst. 
in Cent. f. Bakt., 16, 1894, 641; Mtcrococ- 
cus granulatus Bazarewski, Cent. 
Bakt.. II Abt., 15, 1905, 7; not Micrococ¬ 
cus granulatus Weiss, Arb. bakt. ds 
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Karlsruhe, Heft 3, 1902, 197.) From 
the oral cavity. Hucker (loc, cit., 9) 
regards this as a synonym of Micrococcus 
fiavus Trevisan. 

Micrococcus ciireus laciis Conn. 
(Storrs Agr. Exp. Sta. 12th Ann. Kept., 
1900, 40.) From milk, lluckcr {loc. 
cii., 10) considers this a synonym of 
.l/fcrococciiS congloineratus Migula. 

Micrococcus cUreus rigensis Bazarew- 
ski. (Cent. f. Bakt., II Abt., 15, 1905, 
5.) From dust. 

Micrococcus cilrinus Migula. {Diplo- 
coccus citreus liqucfaciens Unna and 
Tommasoli, Monats. f. prakt. Dermatol- 
ogie, 9, 1889 , 56; Migula, Syst. d. Bakt., 
1900,150; il/icrococciis tommasoli Ches¬ 
ter, Man. Determ. Bact., 1901, 101; Mi¬ 
crococcus citreus liquefaciens Winslow 
and Winslow, Systematic Relationships 
of the Coccaceae, 1908, 216.) From hu¬ 
man skin in a case of eczema. Winslow 
and Winslow (ioc. ciL, 216) consider this 
a synonym of il/icrococcus Jlavus Trevi¬ 
san. 

Micrococcus claviformis von Besser. 
(Beitr. z. path. Anat. u. z. allgem. Path., 
6, 1889, 340; see Cent. f. Bakt., 7, 1890, 
152.) Found once in nasal secretions. 

il/icrococcHS coccineus Migula. (Mi¬ 
crococcus No. VI, Adametz, Landwirtsch. 
Jahrb., 18, 1889 , 242; Migula, Syst. d. 
Bakt., 2, 1900, 174.) From Emmenthal 
cheese. Hucker {loc. cit., 26) regards 
this species identical with Micrococcus 

cinnabareus Flugge. 

A/tcrococcus coli brevis Lelimann. 
(Lehmann, Inaug. Diss., Miinchen, 
1903; Abst. in Cent. f. Bakt., I Abt., 
Ref,, S6, 1905, 688.) From feces of m- 

fants. 

Micrococcus communis laciis Conn. 
(Storrs Agr. Exp. Sta. 12th Ann. Rept., 
1900, 48.) From milk. Hucker {loc. 
cit., 19) considers this a synonym of 
Micrococcus freudenreichii Guillebeauor 
of Micrococcus ureae Cohn. 

Aficrococcws commensalis (Turr6) * 
gula. (Diplococcus commensalis Turr6, 
Cent. f. Bakt., 16, 1894, 1; Migula, Syst. 


d. Bakt., 2, 1900, 125.) From sputum. 
Winslow and Winslow {loc. cit., 220) 
consider this a synonym of M icrococcus 
luteus Cohn. 

Micrococcus commutalus De Toni and 
Trevisan. (.l//crococcHS albus I or Mi¬ 
crococcus albus Jluidificans Maggioru, 
Giorn. Soc. Ital. dTgiene, 11, 1889, 350; 
Dc Toni and Trevisan, in Saccardo, 
Syllogc Fungorum, 8, 1889, 1079.) 

Micrococcus co7icentricus Zimmerniann. 
(Die Bakt. unsercr Trink- u. Nutz- 
wasscr, Chemnitz, I Reihe, 1890, 86.) 
From water. Winslow and Winslow 
{loc. cit., 224) state that this is appar¬ 
ently asynonym of Micrococcus candicans 
Fliigge. 

Micrococcus conjlucns Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
494.) From the stomach and intestine 
of the starling (Sfnrnus vulgaris) and 
the finch {Fringdla carduclis). Win¬ 
slow and Wdnslow {loc. cit., 21G) consider 
this a synonym of Micrococcus Jlavus 
Trevisan. • 

Micrococcus conjunclivae Migula. 
{Micrococcus liquefaciens conjunctivac 
Gombert, Rcchcrchcs cxperiincntales sur 
Ics microbes des conjunctives, Mont¬ 
pellier and Paris, 1889; Migula, Syst. d. 
Bakt., 2, 1900, 115.) From normal hu¬ 
man conjunctiva. Hucker {loc. cit., lo) 
considers this a synonym of Micrococcus 
albus Schroetcr. 

Micrococcus conjunctividis Migula. 
{Micrococcus Jlavus conjunctivac Gom¬ 
bert, Rcchcrchcs exp6rimcntalcs sur Ics 
microbes des conjunctives, Montpellier 
and Paris, 1889; Migula, Syst. d. Bakt., 
2 1900, 141.) From normal human con¬ 
junctiva. Winslow and Winslow {loc. 
cit., 216) consider this a synonym of 
Micrococcus Jlavus Trevisan; while 
Hucker {loc. cit., 11) regards it as a 
synonym of Micrococcus citreus Migula. 

A/tcrococcus conoideus Migula. {Staph¬ 
ylococcus salivarius pyogenes Biondi, 
Ztschr. f. Hyg., 2, 1887, 227; Staphylococ¬ 
cus sialopyus Trevisan, I generi e le 
specie delle Batteriacco, Milan, 1889, 
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32; Micrococcus salivarius pyogenes 
Freire, Mumoirc sur la bacteriologie, 
pathogenic, traitement et prophylaxie 
de la fiovre jaunc. Rio de Janiero, 1898; 
Abst. in Cent. f. Bakt., I Abt., 26, 1899, 
741; Staphylococcus pyogenes salivarius, 
quoted from Ooadby, Trans, of Odon- 
tolog. Society, June, 1809, sec AI)St. in 
Cent.f. Hakt.. I .\bt.,Ref..d/, 1002,493: 
Migula, Syst. d. Bakt.. 2, 1000, 102.) 
From saliva. Hucker Hoc. cit., 12 and 
15) regards this as a synonym of }ficro- 
coccus aureus Zoj)f or of icrococrus 
nlhus Schroclcr. 

Micrococcus coralUnus Cantani. (Can- 
tani, Cent. f. Bakt., I Abt., 23, 1898, 311; 
Rhodococcus coralinus (sic) Levine and 
Soppcland, Iowa State Coll. Engineer¬ 
ing Exp. Sta. Bui. 77, 1920, 22.) From 
dust. Hucker {loc. cit.,25) considers this 
a synonym of .1/icrococcus rose><s Fliigge. 
liGvine and Soppcland (loc. cit.) regard 
this as a synonym of Rhodococcus fulvus 
Winslow and Rogers. For a description 
of this species, sec Bcrgcy ct a!., Manual, 
5th ed., 1039, 253. 

Micrococcus coralloidcs Zimmermann. 
(Die Bakt. iinserer Trink- u. Nutzwasscr, 
Chemnitz, II Ucihe, 1894, 72.) From 
water. Winslow and Winslow {loc. cit., 

• 199) state that this species appears to be 
a synonym of Micrococcus albus Zopf; 
while Hucker {loc. cit., 17) considers it a 
synonym of Micrococcus caseolyticus 
Kvans. 

M icrococcus corrugatus Migula. 
{Merisinopedia mesentericus corrugatus 
Dyar, Ann. N. Y. Acad. Sci., 5, 1895, 
355; Migula, Syst. d. Bakt., 8, 19(X), 161.) 
From dust. Winslow and Winslow {loc. 
cit., 216) consider this a synonym of 
Micrococcus Jlavus Trevisan. 

Micrococcus coryzae (Hajek) Migula. 
{Diplococcus coryzae Hajek, Berliner 
klin. Wochnschr., No. 33, 1888; Migula, 
Syst. <1. Bakt., .2, 1900, 63.) From secre¬ 
tions in acute catarrh. Winslow and 
Winslow {loc. cit., 205) consider this a 
synonym of Micrococcus candidus Cohn 
or of Gaffkya ietragena Trevisan. 


Micrococcus creruoides Zimmermann. 
(Die Bakt. unsercr Trink- u. Nulzwiisscr, 
Chemnitz, 1 Rcihe, 1890, 74.) From 
water. Winslow and Winslow {loc. cit., 
216) consider this a synonym of .4/icro- 
coccus Jlavus Trevisan; while Hucker 
{loc. cit., 10) considers it a synonym of 
Micrococcus conglomcratus Migula. 

.]/icrococcus creynoides albus Dyar. 
(Ann. X. V. Acad. Sci., S, 1895, 350). 
From dust. Regarded by Dyar as a 
white form of Micrococcus creuioidcs 
Zimmermann. 

.1/ icrococcus crcmorisviscosi (Hammer 
and Cordes) Bcrgcy ct al. {Staphylococcus 
cremoris-viscosi Hammer and Cordes, 
Jour. Dairy Sci , 5, 1920, 291; Bergcy et 
al.. Manual, 3rd cd., 1930, 80.) From 
ropy milk. For a description of this 
species, see Bergcy et al., Manual, 5th 
ed., 1939, 254. 

.Vicrococcus crepusculuin (Ehrenbcrg) 
Cohn. (.1/ona.s crepusculuin Ehrenbcrg, 
Abhandl. d. Berliner Akad., 1830, 74 and 
1832, 57; Cohn, Boitr. z. Biol. d. Pflanzen, 
;,Heft2.1872, IGO.) Do Toni and Trevi¬ 
san (in Saccardo, Sylloge Fungorum, 8, 
1889,1082) list the following as synonyms 
of this species; Prolococcus nebulosus 
Kiitzing, Linncae, 8, 1833, 365; Crypto- 
coccus nebulosus Kiitzing, Phycol. gcncr., 
1845, 147; Cryplococcus nalans Kiitzing, 
Spec. Alg., 1849, 146. 

.Micrococcus crctaceus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
65.) From cheese. WinsMw and Wins¬ 
low (loc. ci7.,224) state that this is appar¬ 
ently a synonym of Micrococcus candicons 
Flugge. 

il/Vcrococcus cristatus Glagc. (Ztschr. 
f. Flcisch- u. Milch-hygiene, 10, 1900^ 
145.) From the surface of wurst and 
similar meat products. 

Micrococcus cruciformis Freire- 
(Compt. rend. Acad. Sci., Paris, 138^ 
1899, 1047.) From the stamens and 
pistils of Hibiscus. 

Micrococcus cumulatus Kern. (Arb» 
bakt. Inst. Karlsruhe, 1, Heft 4, l897^ 
497; not il/tcrococcws cumulatus Chester^ 
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see Micrococcus tenn issim us NIigulu.) 
From the stomach and intestine of the 
yellow-hammer {Entberiza atrimUa) and 
of the finch {Fringella cunludis). 
Hucker (loc. cit., 25) regards this as a 
synonym of Micrococcus roscus I'lu^se. 
iVtcrococc«5 cupiiJaris Mifjula. (No. 

29, Lcmbke, Arch. f. Hvfj;., 2/), 1807, 3;ll ; 
Mignla,Syst.d. Bakt..2, 1000,211.IFrom 
feces. Winslow and Wiiislow {hic. cil., 
216) consider this a synonytn of .1/ icrococ¬ 
cus flavus Trevisan. 

Micrococcus cupuliformis Migiila. (No. 
19, Lembkc, Arch. f. Hys-, 1807, 325; 
Migula, Syst. d. Bakt., 2, 1900, 213.) 

From feces. Winslow and \\ inslow (loc. 
cit., 220) consider tliis a synonym of 
ilffcrococcws luleus Cohn. 

Micrococcus curtissi Chorine. (Chor¬ 
ine, Internat. Corn Borer Invest. Clii- 
cago, 2, 1929, 48.) From diseased larvae 
of the corn borer (Pyrausta niibilalis). 
Also virulent to larvae of the Hour moth 
(Ephestia kithniclla) and of tltc bee moth 

(Galleria mellonella). 

il/fcrococcu.’t cutis communis Sabouraud. 
(Sabouraud, Ann. d. dermatol. ct syphil., 
1896, Heft 3; Abst. in Cent. f. Bakt., I 
Abt., 20, 1896, 249; Staphylococcus cutis 
communis Sabouraud, Practique Dcrma- 
tologique, /, 1903, 714.) From human 
skin especially in alopecia areata, certain 
types of eczema and acne. May be the 
same a.s Micrococcus cpidermidis lluckcr. 

Micrococcus cyancus (Schroeter) Cohn. 
{Bacfcr(Vii((m cyaneum Schroeter, Bcitr. 
z. Biol. d. Pdanzen, t, Heft 2, 1872, 122 
and 126; Cohn, ibid., \oQ; Nigrococcus 
cyaneus Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1019, 932.) From 
dust and water. 

Micrococcus cyanogenus Pammel and 
Combs. (Proc. Iowa Acad. Sci., 3, 1895, 
130; see Abst. in Cent. f. Bakt., II Abt., 
2, 1896, 764.) From milk. 

Micrococcus cyclups Ilcnrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft I, 1894, 
69.) From Swiss cheese, Winslow and 
Winslow (loc. cil., 224) state that this is 


apparently a synonym of Micrococcus 
candicans Fliiggc. 

Micrococcus cystiopoeus Muller-1 hur 
gau. (Cent. f. Bakt., 11 .\.l)t., 30, 1908 
404.) From wine. 

M icrococcus cyti>j>hoyu.'^ .Mcrker. 

aVnt. f. Bakt., 11 Abt.. S!, 1912, .xS9.) 
Fouiul on the leaves of Klodcu. I lili/.e.s 
cellulose. Stanier (Bact. Hev., 6‘, 1942 
150) thinks that these micrococci were 
micTOcysts of Sporocylophaga spp. 

Micrococcus duntccii Cdie.ster. (Coc¬ 
cus dll rouge do morue, l.e Dantec, Ann. 
Past. In.st., 5, 1891, 002; Chester, Man. 
Determ. Bact., 1901. 106.) From reil 
salted codfish. Ilucker (loc. cil., 25) 
considers this a synonym of Micrococcus 
roscus Fliiggc, 

Micrococcus deealvens (Ihin) Scliroc- 
tcr. { Paclerium deealvens Ihin, Monats. 
f.prakt. Dermatol., No. 28, 18S5; Schroo- 
ter in Cohn, Kryptog.-Flora v. Sclilesien, 
3, 1, 1886, 149.) From luiir follicles in 

alopecia areata. 

;Uicrococcus decipiens Trevisan. (Bac- 
tcric dc Pair, Cornil and Babes, Fes 
Bact6rics, 1885, 124; Trevisan, I generi e 
Ic specie dclic Battcriacce, Milan, 1SS9, 
34.) From dust. 

Micrococcus (Streptococcus ?) decolor 
Migula. (No. 22, Lembkc, Arch. f. 
Hyg., 26, 1896, 311; Migula, Syst. d. 
Bakt., 2, 1900, 203.) From feces. 

Hucker (loc. cil., 17) considers this a 
synonym of 3/fcrococcus caseolylicus 

Evans. 

il/icrococcus deformans Crowe. (Brit. 
Med. Jour., Nov. 27. 1920, 815; Abst. 
in Cent. f. Bakt., I Abt., Ref., 73, 1022, 
84.) From cases of arthritis. \ form 
of Micrococcus pyogenes albus according 
to Lehmann and Neumann (Bakt. Ding., 
7 Aufl., 2, 1927, 293). 

M icrococcus delacourianus Roze. 
(Compt. .rend. Acad. Sci., Paris, 123, 
1896 , 613 and 1323.) From dry rotting 
potatoes. 

Micrococcus dendroporthos Ludwig. 
(Cent. f. Bakt., 10, 1891, 10.) From the 
bark of poplar trees (Populus sp.). 
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Micrococcus deniirificans Beijerinck. 

(Cent. f. Bakt., 11 Abt., 25, 1910, 53.) 
From BoclicUe salts (sodium potassium 
tartrate). 

Micrococcus dermatogenes Fuhrmann. 
(Cent. f. Bakt., II Abt., 17, 1006, 618.) 
From bottled beer. 

.W/crococcws dijHuens Schroeter. (In 
Cohn, Kryptog.-Flora v. Schlesicn, 3, 1, 
1886. M4.) From dust, feces, etc. 

Micrococcus dimorphus Bucherer. 
(Planta, Arch. f. wissen. Bot., 1934, 98.) 
A dimorphic bacterium. He reports it 
as much like il/icrococcus melitcnsis 
Bruce and Bacterium fraenkelii Hashi- 
raoto. 

il/icrococc«s diphtericus (sic) CA>hn. 
{Micrococcus, Oertcl, Deutsch. Arch. f. 
klin. Med., 8, 1871; Cohn, Beitr. z. Biol, 
d. Pflanzen, / , Ilcft 2, 1872, 162; Strepto¬ 
coccus diphiheriticus Zopf, Die Spalt- 
pilze, 3 Aufl., 1885, 53.) From throats 
and nasal passages of diphtheria patients. 

iVi’crococctiS dissimilis Dyar. (See 
Hauler, Cent. f. Bakt.,5,1889,70;Dyar, 
Ann. N. V. Acad. Sci.,8,1895,353; 4/fcro- 
cocc<^5 trachomatis conjunctivac Sattler in 
Krai, Die gegenwartigen Bestand der 
Kral’sclien Sammlung von Mikroorgan- 
ismen, 1900, 19.) From trachoma infec¬ 
tions. Huckcr {loc. cit., 17) considers 
t his a synonym of Micrococcus caseolyiic us 
Evans. 

Micrococcus djokjakartensis Zettnow. 
(Cent. f. Bakt., I Abt., Orig., 75, 1915, 
376.) From a sugar factory in Java. 

jl/icrococcus doyeni De Toni and Trevi- 
san. (.l/icrococcus urinae albus olearius 
Doyen, Jour. d. connaiss. m6dic., No. 14, 
1889, lOS; De Toni and Trevisim, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1076.) From urine. Huckcr {loc. cit., 
16) states that this species is apparently 
identical with Micrococcus albus 
Schroeter. 

Mi crococcu.^ drimophylus Baumgartner. 
(Baumgartner, Ergebnisse d. ges. Zahn- 
lieilk., Heft 2, 1910 , 729; Abst. in Cent, 
f. Bakt., I Abt., Ref., 48, 1911, 622.) 
From the mouth cavity. 


Micrococcus eatonii Corbet. (Quart. 
Jour. Rubber Research Inst. Malaya, 
2, 1930, 145.) From the latex of the 
rubber tree {Hcvea brasiliensis). For 
a description of this species, see Bergey 
ct al., Manual, 5th ed., 1939, 244. 

il/icrococcus eburneus Henrici. (--\.rb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
85.) From Camembert cheese. Win¬ 
slow and Winslow {loc. cit., 224) state 
that this species is apparently a synonym 
of J/icrococcns candicans Fliigge. 

Micrococcus ephestiae Mattes. (Sit- 
zungsber. d. Gesellsch. z. Beford. d. 
gesamt. Naturwissensch. zu Marburg, 
62, 1927, 406.) From the Mediterranean 
flour moth {Ephestia kuehniella). 

Micrococcus epimetheus Corbet {loc. 
cit., 148). From the latex of the rubber 
tree {Hevea brasiliensis). For a de¬ 
scription of this species, see Bergey ctal., 
Manual, 5th ed., 1939, 256. 

Micrococcus esterificans Beck. (-4rb. 
kaiserl. Gesundheitsamte, 29, Heft 2, 
1905; Abst. in Cent. f. Bakt., 11 Abt., 
19, 1907, 594.) Has a characteristic 
fruity aroma. From butter. 

Micrococcus exanthematicus Lewa- 
schefT. (Deutsch. med. Wochnschr., No. 
13 and 34, 1892; Abst. in Cent. f. Bakt., 
12, 1892, 635.) From blood in cases of 
typhus fever. Motile. Grows anaer¬ 
obically. 

^^icrococcus excavatus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
486.) From the stomach contents of a 
coot {Fulica atra) and a woodpecker 
{Picus major). Winslow and Winslow 
{loc. cit., 220) consider this a synonym of 
Micrococcus luteus Cohn. 

Micrococcus exiguus Kern {loc. cil.* 
470). From the stomach contents of the 
chaffinch (Fringdla coelebs). iMnslow 
and Winslow {loc. cit., 199) state that 
this appears to be a synonym of Micro¬ 
coccus albus Schroeter; while Hue'er 
{loc. cit., 19) considers it a synonym of 
M icrococcus freudenreichii Guillebeau 
or of .Micrococcus itreae Cohn. 

Micrococcus expositionis Chester. (^ o- 
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34, Conn, Storrs Agr. Exp. Sta. 7lh Ann. 
Kept., 1895, 77; Chester, Man. Doterm. 
Baet., 1901, 92.) From air. WinsUw 
and Winslow {loc. cit. 216) consider tiiis 
a synonym of Micrococci/s JIavus Trevi- 
san; while Hucker {loc. cit., 10) regards 
it as a synonj'm of Micrococcus conglom- 
eratiis Migula. 

.l/icrococcus expressus Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
195.) From a carrot infusion. Produces 
slime. Hucker {loc. cit., 7) considers 
this species a synonym of Micrococcvs 
luteus Cohn or of d/icrococcus carians 
Migula. 

il/tcrococcws faviformis Migula. 
(Milchweisser Diplococcus, Bumm, Mi- 
kroorg. d. gonorrh. Schleimbautkr., II 
Ausg., 1887, 18; il/icrococcus lacteus 
faviformis Fliigge, Die Mikroorganismcn, 

2 Aufl., 1886,182; Neisseria lactea Trevi- 
san, I gencri c le specie dclle Batteriacce, 
Milan. 1889, 32; Migula, Syst. d. Bakt., 
2, 1900, 117.) From vaginal and other 
body secretions. Winslow and inslow 
{loc. cit., 199) state that tliis appears 
to be a synonym of il/jcrococcus albtts 
Schroeter. 

Micrococcus feddei Herter. (Micro¬ 
coccus XVI, Choukevitch, Ann. Inst. 
Past., 25, 1911, 354; Botan. Jahresber., 
S9, II Abt., Heft 4, 1914, 755; Abst. in 
Cent. f. Bakt., II Abt., 6i, 1920, 367.) 
From the large intestine of a horse. Re¬ 
sembles Micrococcus roscidur Matzu- 
Bchita. 

Micrococcus fervilosus Adametz and 
Wichmann (Bakt. d. Trink- u. Kutz- 
wasser, Mitt. Oest. Versuchstat. f. 
Brauerei u. Malzerei, Wien, Heft 1, 
1888.) From water. Winslow and 
Winslow {loc. cit., 205) consider this a 
synonym of Gaffkya letragena Trevisan. 

Micrococcus fickii Trevisan. {Coccus 
albus non liquefaciens {Coccus candicans) 
Fick, Ueber Microorg. in Conjunctival- 
sack, Wiesbaden, 1887; Trevisan, Igcneri 
e le specie delle Batteriacec, Milan, 1889, 
33.) From conjunctiva. 

Micrococcus finlayensis Sternberg. 
(Kept, on Etiology and Prevention of 


Yellow Fever, Washington, 1891, 219.) 
Obtained by Finlay in cultures from the 
liver and spleen of a yellow-fever cad¬ 
aver. Hucker {loc. cit., 11) considers 
this a synonym of }[icrococcus ciireus 
Migula. 

Micrococcus Jlaccidifex danai Brown. 
(.\mer. Museum Xovit., No. 251, 1927, 
5.) Causative agent of wilt disease of 
monarch but terlly larvae {Danais archip- 
pus). Considered a sub-species of Gyro- 
coccus flaccidifcx Glaser and Chapman 
(Science, SG, 1912, 219). 

Micrococcus flagcllatus Klotz. (Jour. 
Med. Research, II (N.S.(?), 1904, 493.) 
Found in an epizootic among rabbits and 
white rats. Supposedly flagellated. 

.Vjcrococci/.^ Jlavcns ITenrici. (.\rb. 
bakt. Inst. Karlsruhe, I, Heft 1, 1894, 
80.) From Swiss cheese. Winslow and 
Winslow {loc. cit., 216) consider this a 
synonym of Micrococcus flavus Trevisan. 

Micrococcus flavesceus Henrici. (Arb. 
bakt. Inst. Karlsnihe, /, Heft 1, 1894, 
70.) From Swiss cheese. Winslow and 
Winslow Hoc. cit., 216) consider this a 
synonym of Micrococcus flavus Trevisan. 
For a description of tliis species, see 
Bergey ct al., Manual, 5th cd., 1930, 24G. 

Micrococcus Jlavidus Henrici. {loc. 
cit., 81; not Micrococcus jlavidus Rozc, 
Compt. rend. Acad. Sci., Paris, 122, 1896, 
750.) From Swiss and Limburger 
cheeses. Winslow and Winslow {loc. 
cit., 216) consider this a synonym of 
Micrococcus flavus Trevisan. 

jl/icrococcus jlavovirens Migula. 
{Staphylococcus viridis Jlavescens Gutt- 
mann. Arch. f. path. Anat., 107, 1887, 
261; Staphylococcus viridi-jlavescens 
Trevisan, 1 gencri e le specie delle Bat- 
teriacee, Milan, 1889, 33; Migula, Syst. 
d. Bakt., 2, 1900,12-1; .l/icrococcus viridis 
Chester, Man. Determ. Bact., 1901, 95; 
Micrococcus viridis-jlavcsccns Winslow 
and Winslow, Systematic Relationships 
of the Coccaccae, 1906, 221.) Winslow 
and Winslow {ibid., 220) consider this a 
synonym of Micrococcus luteus Ck)hn. 

Micrococcus flavus non liquefaciens 
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Amsler. (Amsler, Korrespondenbl. f. 
Schweizer Acrzte, 1900, No. 9; Abst. in 
Cent. f. Bakt., I Abt., 29, 1901, 450.) 
From thermal springs. 

Micrococcus /luorescens Maggiora. 
(Giorn. Soc. Ital. d’lgienc, 11, 1889, 352; 
Abst. in Cent. f. Bakt., 8, 1890, 13.) 
From the skin of the foot. 

Micrococcus foelidus Fliiggc. (Die Mi- 
kroorganismen, 2 Aufl., 1886, 172; not 
Micrococcus foctidus Veillon, Compt. 
rend. Soc. Biol. Paris, 1893, 867; sec 
Streptococcus foelidus Prevot.) From 
carious teeth. 

Micrococcus foctidus Klamann. (.Ml- 
gem. mod. Centralzcitung, 1887, 1344.) 
Isolated from the posterior narcs of man. 
Winslow and Winslow {loc. cit., 199) 
state that this appears to be a synonym 
of iVicrococcus albus Schroetcr. 

Micrococcus fragilis (Dyar) Migula. 
(il/erismopcdia fragilis Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895, 351; Migula, Syst. d. 
Bakt., 2, 1900,186.) From dust. Hack¬ 
er {loc. cit., 25) states that this species 
may be identical with Micrococcus roseus 
Fliigge. 

Micrococcus franklandiorurn Trevisan. 
{Micrococcus candicans Frankland and 
Frankland, Phil. Trans. Iloy. Soc. Lon¬ 
don, 178, B, 1888, 270; not Micrococcus 
candicans Fliigge, Die Mikroorganismen, 
2 Aufl., 1886, 173; Trevisan, I gencri e 
le specie dclle Battcriacce, Milan, 1889, 
34.) From dust. 

Micrococcus fidvus Weiss. (Arb. a. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
206; not Micrococcus fidvus Cohn, Beitr. 
z. biol. d. Pflanz., 1, Heft 3, 1875, 181.) 
From a bean infusion. 

Micrococcus fuscus Adametz. (Brauncr 
Coccus, Ma8chek,Jahresb. d. Komraunal- 
Oberrealsch. zu Leitmeritz, No. 6, 1867, 
60; Adametz, Bakt. d. Nutz- u. Trink- 
wasser, Vienna, 1888; Micrococcus fuscus 
Castellani and Chalmers, Man. Trop. 
Med., 3rd cd., 1919, 932.) Hucker {loc. 
cit., 10) states that this species is prob¬ 
ably identical with Micrococcus con- 
glomeratus Migula. 


Micrococcus galbanatus Zimmermann. 
(Bakt. unserer Trink- u. Nutzwiisser, 
Chemnitz, II Reihe, 1894, 68.) From 
water. Winslow and Winslow {loc. cit., 
216) consider this a synonym of Micro¬ 
coccus Jlavus Trevisan. 

Micrococcus gallicidus Burrill. (Amer. 
Nat., 17, 1883,320.) From blood of fowls 
infected with chicken cholera. 

.1/icrococcus gclatinogcnus Briiutigam. 
(Pharmaceutische Centralhallc, S3, 1891, 
427.) From digitalis infusions. See 
Micrococcus gummosus llapp. 

Micrococcus gelalinosus Warrington. 
(The I^ancet, 1, 1888, No. 25; Abst. in 
Cent. f. Bakt., 4, 188S, 394.) Curdles 
milk. 

Micrococcus gelalinosus Issatchenko. 
(Recherche.s sur les Microbes do POc^an 
Glacial Arctique, Petrograd, 1914 , 232; 
not Micrococcus gelalinosus Warrington, 
The Lancet, 1, 1888, No. 25.) From sea 
water. 

Micrococcus giganteus lactis Conn. 
(Storrs .\gr. Exp. Sta. 12th Ann. Rept., 
1900,46.) From milk. 

Micrococcus gigas Frankland and 
Frankland. (Philos. Trans. Roj'. Soc., 
I>oiidon, 178, B, 1888, 268.) From dust. 
Winslow and Winslow {loc. cit., 216) con¬ 
sider this a synonym of ^[icrococcus 
Jlavus Trevisan. 

Micrococcus gilvus Losski. (Inaug. 
Diss., Dorpat, 1893, 60.) Winslow and 
Winslow {loc. cit., 220) consider this a 
synonym of Micrococcus luteus Cohn. 

3/icrococcus gingivae Migula. (3/i- 
crococcus gingivae pyogenes Aliller, Die 
Mikroorganismen d. Mundhohle, Leipzig, 
1889, 216; Migula, Syst. d. Bakt., 2, 1900, 
68.) From alveolar pyorrhoea, also from 
the mouth of a healthy man. 

.1/icrococcus gingreardi Renault. 
(Corapt. rend. Acad. Sci., Paris, 120, 
1895,217.) 

Micrococcus glandxdosus Weiss. (Arb. 
bakt. Inst.I^rlsruhe,£, Heft 3,1902,201.) 
From an asparagus infusion. Hucker 
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{loc. cii.y 19) regards this species as 
identical with Micrococcus jreudcnreichii 
Guillebeau or with Micrococcus urcoe 
Cohn. 

Micrococcus globosus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1S97, 
469.) From the stomach contents of a 
coot {Fulica aira). Winslow and Wins¬ 
low {loc. cit., 224) state that this is appar¬ 
ently a synonym of il/icrococcas caridicans 
FUigge. 

Micrococcus granulalus Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
197.) From a malt infusion. 

Micrococcus granulosus Kern {loc. cil., 
483). From the stomach contents of the 
yellow-hammer {Eniberiza cHrinella) and 
the starling {Sturnus vulgaris). ins- 
low and Winslow {loc. cil., 220) consider 
this a synonym of Micrococcus luleus 
Cohn. 

Micrococcus griseus (Wariniiig) inter. 
{Bacterium griseum Warming, \idcn- 
skabcligc Mcddclelser fra den naturhist. 
Forening i Kjobenhavn, 1875, 398; 
Winter, in Rabenhorst, Kryptog.-Flora 
V. Deutschl., Oesterr. u. d. Schweiz, 2 
Aufl., 1,1884,47.) 

Micrococcus grossus llcnrici. (v\rb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
71.) From Camembert cheese. Wins¬ 
low and Winslow {loc. cit., 224) state 
that this is apparently a synonym of 
A/tcrococcns candicans Fliiggc. 

il/tcrococcws gumjnosus Ilapp. (Happ, 
Inaug. Diss., Basel, 1893, 31; not .Vicro- 
C 0 CCM 8 gumtnosus Weiss, Arb. bakt. Inst. 
Karlsruhe, 2, Heft 3, 1902, 189.) From 
snakeroot and digitalis infusions. Pre¬ 
sumably Lcuconostoc 7 nes€nteroides \ an 

Tieghem. 

Micrococcus haemalodes Zopf. (^H- 
crobes de la sucur rouge. Babes, Biol. 
Ccntralbl., 2, 1882, No. 8; Zopf, Die 
Spaltpilze, 3 Aufl., 1885, CO.) The cause 
of red perspiration. Iluckcr {loc. cil., 
25) states that this may be a synonym of 
Micrococcus roseua FlUgge. 

M tcrococcus haemorrhagic us (Klein) 
Migula. (Staphylococcus haemorrhagicus 


Klein, Cent. f. Bakt., I Abt., 22, 1897, 
81; Migula, Syst. d. Bakt., 2, 1900, 88.) 
Associated with an erythema of the skin 
resembling anthrax. Winslow and Wins¬ 
low {loc. cit., 199) state that this appears 
to be a synonym of M icrococcus albus 
Schroetcr. 

Micrococcus halensis Lehmann and 
Neumann. {Micrococcus acidi para- 
laclici liquefaciens halensis Kozai, Ztschr. 
f. Hyg., Si, 1899, 374; Lehmann and 
Neumann, Bakt. Diag., 2 Aufl., 2, 1809, 
210; .Micrococcus acidi paralactici lique¬ 
faciens Thiele, Ztschr. f. Hyg., 1904, 
394.) From milk. Iluckcr (/oc. c/L, 17) 
considers this a synonym of A/icrococc?/s 
caseolyticus Evans. 

jl/icrococcus halophilus Bcrgey et al. 
(Culture No. 19, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bcrgey ct al., Manual, 3rd cd., 1930, 89.) 
From sea water. For a description of 
this species, sec Bcrgey et al.. Manual, 
5th cd., 1939, 258. 

Micrococcus hauscri (Rosenthal) Mi¬ 
gula. {Diplococcus hauscri Rosenthal, 
Inaug. Diss., Berlin, 1893, 2G; Migula, 
loc. cit., 80.) From the oral cavity. 
Winslow and Winslow {loc. cit., 224) state 
that this species is apparently identical 
with Micrococcus candicans Fliiggc. 

Micrococcu.s hclvoltu-i llcnrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
77.) From Swiss cheese. Winslow and 
Winslow {he. cil., 220) consider this to 
be identical with ,1/icrococcu.s luteus 

Cohn. 

Micrococcus hibiscus Nakahama. (Jour. 
Agr. Chem. Soc. Japan, 16, 1940, 345, 
Eng. Abs., Bull. Agr. Chem. Soc., 16, 
1940, 51.) Isolated from retting kenaf 
{Hibiscus). 

Micrococcus humidus Migula. (Micro¬ 
coccus No. 2, .\damctz, I^ndwirtsch. 
Jahrb.. 18, 1889, 239; Migula, Syst. d. 
Bakt., 2, 1900, 50.) From Emmenthal 
cheese. Winslow and Winslow {loc. 
cit., 224) state that this species is appar¬ 
ently identical with Micrococcus candi¬ 
cans Flugge. 
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Micrococcus hydrolhermicus Cronquist. 
(Monatsh. f. prakt. Derm., 30, 1903.) 
Optimum temperature 41®C. 

Micrococcus hytuenophagus Renault. 
(Compt. rend. Acad. Sci., Paris, J20, 
1895, 217.) 

.l//crococcas imperatoris Rozc. (Compt. 
rend. Acad. Sci., Paris, 122, 189G, 

545.) Isolated from potatoes. Probably 
from dust. 

Micrococcus inconspicuus Henrici. 
(Arb. bakt. Inst. Karlsruhe, /, Heft 1, 
1894,04.) From Swiss cheese. Winslow 
and Winslow {loc. cil., 224) state that 
this species is apparently identical with 
Micrococcus candicans Fliiggc. 

il//crococc?/s indolicus Christiansen. 
(Ac. Path. Micr. Scand., 18, 1934, 42; 

Staphylococcus asaccharolyticus var. in¬ 
dolicus Weinberg, NativcUc and Prevot, 
Les Microbes Anaerobics, 1937, 1023.) 
Strict anaerobe. For description see 
Bergcy et al., Manual, 5th ed., 1939, 206. 

il/icrococcus injluenzae Migula. (Mi- 
kroorganismus II, Fischel, Ztschr. f. 
Ileilkundc, 12, 1891; Abst. in Cent. f. 
Bakt., 9, 1891, Oil; Migula, Syst. d. 
Bakt., 2, 1900, 90.) From the blood of an 
influenza patient. Winslow and Wins¬ 
low Hoc. cH., 199) state that this appears 
to be identical with Micrococcus albus 
Schroeter. 

Micrococcus insectorum Burrill. 
(Burrill, Amer. Nat., 17, 1883, 319; Sirep- 
tococcus insectorum De Toni and Trevi- 
san, in Saccardo, Sylloge Fungorum, 8, 
1889, 1061; Bacillus insectorum Smith, 
28th Biennial Kept. Kan. State Bd. 
Agri., 1933, 54.) From the cecal organs 
of the chinch bug {Blissus leucopterus). 

Micrococcus intermedius Stark and 
Scheib. (Jour. Dairy Sci., 19, 1936, 
210.) From butter. 

Micrococcus intertriginis^leyer. (N.Y. 
Med. Jour., 70, 1900, 873; Abst. in 
Cent. f. Bakt., I Abt., SO, 1901, 434.) 
From a case of erythema intertrigo. 

Micrococcus iris Henrici, (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 67.) 
From Limburger cheese. Winslow and 


Winslow {loc. cit., 224) state that this 
species is apparently identical with 
Micrococcus candicans Flugge. 

Micrococcus irregularis Weiss. (Arb, 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
184.) From an infusion of beans and 
carrots. 

Micrococcus jongii Chester. {Staph¬ 
ylococcus pyogenes bovis de Jong, Cent. f. 
Bakt., I Aht., 25, im,QA; Staphylococcus 
bovis de Jong, ibid., 67; Chester, Man. 
Determ. Bact., 1901, 95.) Associated 
with suppurative processes in cattle. 
Winslow and Winslow {loc. cit., 220) 
consider this a synonym of Micrococcus 
luleus Cohn. 

.1/fcrococcMS lactericeus Freund. (In- 
aug. Diss., Erlangen, 1893, 21; Abst. in 
Cent. f. Bakt., 16, 1894, 640.) From the 
human mouth. Ilucker {loc. cit., 21 ) 
regards this as a synonym of Micrococcus 
Candidas Cohn or of J/icrococci/s cpider- 
ynidis Ilucker. 

Micrococcus lacteus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
74.) From cheese. Winslow and Wins¬ 
low {loc. cit., 199) state that this appears 
to be a synonym of Micrococcus albus 
Schroeter; while Hucker {loc. cit., 19) 
considers it a synonym of J/icrococcu5 
freudenreichii Guillcbeau or of Micro¬ 
coccus ureae Cohn. 

Micrococcus lacHs Chester. (No. 44, 
Conn, Storrs Agr. Exp. Sta., 7th Ann. 
Kept., 1895, 79; Chester, Man. Deterro. 
Bact., 1901, 90.) From milk. Winslow 
and Winslow {loc. cit., 224) state that 
this is apparently a synonym of Micro¬ 
coccus candicans Flugge. 

J/icrococcMS lactis II (Hueppe) Scholl. 
(Quoted from Lohnis, Cent. f. Bakt., H 
Abt., 18, 1907, 141.) From milk. 

il/icrococcus lactis acidi Krueger. 
(Cent. f. Bakt., 7, 1890, 494.) From 
milk. 

Micrococcus lactis albus Conn, Esten 
and Stocking. (Storrs Agr. Exp. Sta. 
ISth Ann. Rept., 1907,120.) From milk. 
Hucker (loc. cit., 19) considers this a 
synonym of Micrococcus freudenreichti 
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Guillebeau or of Micrococcus urcae Cohn. 

Micrococcus lactis amari von Freudon- 
reich. (Bittere Milch Micrococcus, 
Conn, Cent. f. Bakt., 9, 1801, 653; von 
Freudenreich, Cent. f. Bakt., II Abt., 

IS, 1904, 407.) From the udder and 

bitter cream. 

Micrococcus lactis aureus Conn, Fsten 
and Stocking {loc. cit., 112). From milk, 
butter, cheese, stable dust. Iluckcr 
{loc. cit., 7 and 12) regards this as a syn¬ 
onym of Micrococcus luteus Cohn, of 
Micrococcus varians Migula or of Micro¬ 
coccus aureus Zopf. 

,1/icrococcws lac(is ctfreus Conn, Esten 
and Stocking (foe. cii., 102). From milk. 
Hucker {loc. cit.,7) considers this species 
identical with Jl/fcrococcus luteus Cohn 
or with Micrococcus varians Migula. 

Micrococcus lactis citronus Conn, Esten 
and Stocking {loc. cit., 117). From slime 
on Camerabert cheese. Hucker {loc. 
cit., 12) regards this as a synonym of 

il/tcrococcus aureus Zopf. 

Micrococcus lactis Jlavus Conn, Esten 
and Stocking {loc. cit., 109). May be 
identical with Micrococcus aurantiacus 
Cohn. From milk. Hucker {loc. cit., 

7 and 12) states that this may be a syn¬ 
onym of Micrococcus /u(cus Cohn, of 
Micrococcus varians Migula or of Micro¬ 
coccus aureus Zopf. 

Micrococcus lactis Jluorescens Conn, 
Esten and Stocking (ioc. ciL, 120). From 
stable dust. Exhibits a green fluores¬ 
cence. Hucker {loc. cit., 18) states that 
this species is very similar to il/icrococcus 
caseolylicus Evans. 

Micrococcus lactis gigas Conn, Esten 
and Stocking (foe. ciL, 116). From milk. 
Hucker {loc. cit., 22) states that this 
species is probably identical with Micro¬ 
coccus Candidas Cohn or Micrococcus 

epidermidia Hucker. 

Micrococcus lactis gigarUeus Conn, 
Esten and Stocking (foe. ciL, 122). From 
milk. 

Micrococcus lactis minutissimus Conn, 
Esten and Stocking (foe. cif., 119). From 
milk. Hucker {loc. cit., 10) considers 


this a synonym of Micrococcus conglom- 
cratus Migula. 

Micrococcus lactis rosaccus Conn, Esten 
and Stocking {he. cit., 109). From milk. 
Iluckcr {he. cit., 20) states tliat this is 
probably identical with Micrococcus 
roscus Fliigge. 

Micrococcus lactis rugosus Conn, Esten 
and Stocking {he. cit.,\22). From milk. 

Micrococcus lactis varians Conn, Esten 
and Stocking {loc. cit, 121). Com¬ 
monly found in milk. May be identical 
with jMicrococcus aureus Zopf. Hucker 
(he. cit., 15) states that this may be 
identical in part with Micrococcus albus 

Schrocter. 

Micrococcus lardarius Krassilschtschik. 

{Memoires Soc. Zool. dc France, 9, 1896, 
513; Compt. rend. Acad. Sci., Paris, 123, 
1896, 428.) From diseased silkworms. 
Differs from Streptococcus bomhycis. 
Hucker {he. cit., 22) states that this is 
probably identical with either Micrococ¬ 
cus candidus Cohn or Micrococcus 

epidermidis Hucker. 

Micrococcus lembkei Migula. (No. 21, 
Lembke, Arch. f. Hyg., 29, 1897 , 327; 
Migula, Syst. d. Bakt., 2, 1900, 212.) 
From feces. Winslow and Winslow {he. 
cit., 220 ) consider this a synonym of 
Micrococcus luteus Cohn, while Hucker 
{loc. cit., 11 ) regards it as probably identi¬ 
cal with Micrococcus ci(rcus Schrocter. 

Micrococcus lentus Migula. (No. 22, 
Lembke, loc. cit., 328; Migula, loc. cit., 
209.) From feces. Winslow and Wins¬ 
low {loc. cit, 199) state that this appears 
to be a synonym of Micrococcus albus 
Schrocter; while Iluckcr {he. cit., 10) 
regards it as probably identical with 
Micrococcus freudenreichii Guillebeau 
or Micrococcus ureae Cohn. 

Micrococcus L'c/icni7ormis Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
482.) From the inte.stine of the yellow- 
hammer {EmberizacUrinella). Winslow 
and Winslow {he. cit., 220) consider this 
a synonym of Micrococcus luteus Cohn. 
Micrococcus lignithum Renault. 
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(Compl. rend. Xcixd. Sci., Paris, 126, 
1S9S, 1S2S.) A fossil form from lignite. 

Micrococcus lipolijlicus Ilorowitz- 
Wlassowa. (Ztschr, f. Untersuch. d. 
Lobcnsmittcl. G2, 1931, G02.) A fat 
splitting micrococcus from salted fish. 

Micrococcus lipohjticus Stark and 
Scheib. (Jour. Dairy Sci., 19, 193G, 
210 ; not .1/icrococcus lipohjticus lloro- 
witzAVlassowa. loc. cil.) From butter. 

Micrococcus (irimfnciens Migula. (Mi- 
crocuccus ureac li(juefaciens Flugge, Die 
Mikroorganismen, 2 .Vufl., 18H6, 159; 
Streptococcus ucthebius Trevisan, I generi 
e le specie delle Hatteriacee, Milan, 1S89, 
31; Staphylococcus ureac liquefacictis 
T.undstrom, Festschr. d. path. anat. 
Inst. z. Andenken a.d. 250 jahrige Beste- 
hen d. finnliind. Univ. z. Helsingfors, 
1890; abst. in Cent. f. Bakt., 9, 1891, 
672; Migula, Syst. d. Bakt., 2, 1900, 106; 
Micrococcus acthebius Chester, Man. 
Determ. Pact., 1901, 77; Crococcus lifjuc- 
faciens (lueggci Miquel and Cambier. 
Traits do Pact., 1902, 627; Micrococcus 
liquefaciens Jlueggei Mitiuel in Lafar, 
Ilandb. d. tech. Mykol., 3, 1901-00, 75; 
.•U6oceccws ureae Kligler, Jour. Inf. Dis., 
12, 1913, 442; not .l/icrecoccM.s liquefaciens 
Pergey ct al., Manual, 1st cd., 1923, 67.) 
From urine. Hucker {loc. cit., 18 and 
19) states that this species may be identi¬ 
cal with Micrococcus caseolyticus Evans, 
Micrococcus freudenreichii Guilicbeau or 
Micrococcus ureac Cohn. 

Micrococcus liquefaciens acidi I and II, 
Conn. (Storrs Agr. Exp. Sta. 12th Ann. 
Kept., 1900, 48.) From milk. Hucker 
{loc. cil., 18) regards this species as very 
similar to .1/icrococcus caseolyticus Evans. 

Micrococcus liqitidus Migula. (No. 21, 
Lembke, .Arch. f. Hyg., 26, 1896, 313; 
Migula, Syst. d. Bakt.. 2, 1900 , 208.) 
From feces. Hucker {loc. cit., 15) states 
that this species appears identical with 
Micrococcus albus Schroeter. 

Micrococcus lobatus Migula. (Siebert, 
Inaug. Diss., Wurzburg, 1894, No. 3, 10; 
Migula, Syst. d. Bakt., S, 1900, 139.) 
From the human scalp. Winslow’ and 


Winslow {loc. cil., 184) state that this is 
apparently a synonym of Micrococcus 
aureus Zopf. 

Micrococcus loeicenbergii Trevisan. 
(Micrococcus de I’ozcne, Lowenberg, 
Congres des otologistes, 1884 and Union 
medicale, 1884; Trevisan, I generi e le 
.specie delle Palteriacee, Milan, 1889, 
33.) From secretions in ozena. 

Micrococcus luridus Kern. {.\rb. bakt. 
Inst. Karlsruhe, 1, Heft, 4, 1897, 480.) 
Froin the intestine of the challinch (/' rm- 
gilln coelcbs). Winslow and Winslow 
{hic. cit., 220) consider tliis a synonym 

Micrococcus lulcus Cohn. 

Micrococcus lulcolus Henrici. (Arb. 
bakt. Inst. Karlsrulie, /, Heft 1, 1894, 
82; not .l//crococcus lulcolus Irwin and 
Harrison, Le Lait, 8, 1928, 881.) From 
cheese. Winslow and inslow {loc. cil., 
216) consider tliis a synonym of Micro¬ 
coccus flavus Trevisan. For a description 
of Irwin and Harrison’.s organism, see 
Pergey et al., Manual, 5tli ed., 1939, 
249.) 

Micrococcus luleus var. larvae Haudu- 
roy ct al.(.l/icrococcus lulcus-liquefaciens 
var. larvae Toumanoff, Bull. Soc. Centr. 
de Mud. Veter., SO, 1927, 367; Haiiduroy 
ct al., Diet. d. Pact. Path., 1937, 277.) 
From foulbrood of bees. Pathogenic. 

.1 /icrococcus lutosus Kern. (.Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1897, 489.) 
From the stomach contents of the chaf¬ 
finch {Fringilla coclebs). Winslow and 
Winslow (foe. cit., 216) consider this a 
synonym of Micrococcus flavus Trevi^n- 

M icrococcus lysodeiklicus Heroing- 
(Proc. Roy. Soc. London, Scr. B, 93, 1922, 
306.) Non-pathogenic. 

J/icrococcus lyssac (Rivolta) Trevisan. 
{Cocco-baclerium lyssae Rivolta, 1886, 
Trevisan, I generi e le specie delle Bat- 
teriacee, Milan, 1889, 33.) Spore-bearer. 

Micrococcus madidus Migula. (Ko. 
19, Lembke, Arch. f. Hyg., 26, 1896, 311, 
Migula, Syst. d. Bakt., 2, 1900, 207.) 
From feces. Winslow and Winslow' {loc. 
cit., 184) state that this is apparently a 
synonym of Micrococcus aureus ^ligula, 
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while Hucker {loc. cit., 15) regards it as 
identical with Micrococcus aibus 

Schroctcr. 

il/icrococcns magnus (Miller) Irevisan. 
(JodococciiS magnus Miller, Deutsche 
med. Wochnschr., No. 30,188S; Frevisan, 

I gencri o Ic specie dcllc Battcriacce. 
Milan, 1889, 33; not A/tcrococcas 
Chester, Man. Determ. Baet., 1001, Ho 
IDiplococcus magnus Rosenthal, Cent. f. 
Bakt., 25, 1899, 1); not Micrococcus 
magnus Stark and Scheib. .Tour. Dair> 

Sci., 19, 1936, 210.) 

Micrococcrts 7najor De Toni and Frevi- 
san. (il/i'croceccus urmac major Doyen, 
Jour. d. connaiss. m6dic., No. 14, 1889, 
108; De Toni and Trevisan, in Saccardo, 
Syllogc Fungorum, S, 1889, 1076.) From 
urine. 

A/icrococcus 7 «ajor Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen, 1894, 18; 
not 3/icrococcus niajor DeToni and Tre¬ 
visan, in Saccardo, Syllogc Fungorum, 

8, 1889, 1076.) Isolated from the larvae 
of the nun moth {Lymnntria tnonacha) 

and Hyponomeuta sp. 

Micrococcus manfredii Frevisan. ( i 
crococcus der progressiven Lymphome 
im Tierdrper, Manfrcdi, Fortschr. d. 
Med., 1886, 713; Trevisan, I genen c le 
specie delle Battcriacee, Milan, 1889, 
33; Streptococcus manfredii DcToni and 
Trevisan, in Saccardo, Syllogc Fungo¬ 
rum, 8, 1889, 1056; ;l/fcrococcus canus 
Migula, Syst. d. Bakt., 2, 1900, 63.) 
From sputum. Winslow and Wmslow 
Hoc. cil., 206) regard this as a synonym 
of A/icrococcus Candidas Cohn or o 
Gaffkya tetragena Trevisan. 

Micrococcus malolacticus Seifert. 
(Ztschr. f. d. landwirtsch. Vcrsuchswescn 
in Ocsterreich, 1903, 567; Abst. m Cent, 
f. Bakt., II Abt., 10, 1903, 664.) From 
wine. Hucker Hoc. cit.,7) considers tms 
a synonym of Aficrococcus luteus Cohn 
or of Micrococcus varians Migula. 

Micrococcus mammitis Hutchens. 

(Hutchens in Besson, Pract. 
Microbioh and Serum Therapy, Trans, 
of 6th ed., 1913, 615; not Streptococcus 
mammitis hovis Hutchens, ibid.f 61 •) 


From gangrenous mammitis of milking 
rwos. This is le microctKiue de Tar- 
aign^e or de la mammite gaugrf^neusr, 
Xooard, Ann. Inst. Past., L IHST. IE. 

Micrococcus mnrginatus Wilhelmy. 
(.\rb. bakt. Inst. Karlsruhe, 3, 1903, H.) 

From meat extract. 

.1/jcroroccu.s murinns Issatchonko. 
(Uecherches sur les Microbes de 1 Ocean 
Clacial Arctique, Petrograd, 1914, 147.) 
From sea water. 

l/jcrofoccws mastilidis Holland, 
(.lour. Bact.. 5. 1920, 224.) .Vomcn 

nudum. 

Micrococcus mastobiiis Trevisan. 
(Microcoque do la mammite gangr(5neusc 
dcs brebis laitiere.s. Nocard, Ann. Bist. 
Past., /, 1887 , 417; Trevi-san, I genen c le 
specie delle Battcriacee, Milan, 1889, 33; 
Micrococcus gangr. ovium, quoted from 
Frcire Rio de .laneiro, 1898; Abst. in 

Cent.’f. Bakt., I Abt., .2£?, 

Micrococcus ovis Migula, Syst. d. Bakt. 

2 1900 90 'l/icrococcas mn.sb'/j’s Clicstcr 
Man. Delcrm. Bact., 1901 ,76; .T/h-rococ 
CHS mastidis gangraenosae ovis Pfeilcr 
Ztschr. f. infektionskr., parasit. Krankh 
u. Hyg. d. llanstiorc, 4, 1908,132.) Said 
to he the cause of gangrenous mastitis 
in sheep. This species appears to ho 
Micrococcus pyogenes Migula, 

Micrococcus melanocyclus Merker. 

(Cent. f. Bakt., II Abt., 1911, 589.) 

See Actinomyces melanocyclus Kramsky. 
jM/crococcus melanoglossophorus Spe- 

gazzini. (Fung. Arg. Pug., 4, 18-" 316.) 
From the epithelium of the tongue. 

.Micrococcus mcldensis Roger. (Ber. 
An. de Soc. d'Agric. de Mcaux, 1898.) 

A/icrococcus melleus grandinis Harri¬ 
son. (Bot. Gazette, ^3, 1898, 211.) 

Micrococcus memelensis Lcichmann. 
(Coccus, Leichmann, Cent. f. Bakt., 
II Abt., 2, 1896, 780; Lcichmann, in 
Koch, Jahresber., 12, 1901, 254; Micro¬ 
coccus acidi laevolactici Weigmann, m 
War, Handb. d. techn. Mykol., 2, 190o, 

62.) From milk. 

Micrococcus minimus Weiss. (Arb. 
bakt. Inst. ICarlsruhe, 2, Heft 3, 1902, 
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18s; not Micrococcus minimus Bcrgey et 
nl., ^Manual, 1st eti., 1023, CO.) From a 
bean infusion. Hucker {loc. cit., 7) 
ronsiilors tliis a synonym of cither .1/fcro- 
coccus lutcus Cohn f)r Micrococcus varinns 
Migula. 

Micrococcus minutissimus issatchenko. 
(Recherchos sur les Microbe.s cic I’Ocean 
Glacial Arti(iuc, Petrograd, 1914, 14G.) 
From sea water. 

Micrococcus iniri ficus (Rabenliorst) 
Trevisan. {Palmclla mirifica Raben- 
horst, Hedwigia, 1867, 115, and Flor. 
Europ. Algar., 3, 1856, 35; Trevisan, 
Rendic. R. 1st. Eombardo, 12, 1879.) 

.1/icrococcus mollis (Dyar) Migula. 
{Meristnopedia jnollis Dyar, Ann. N. Y. 
.\cad. Sci., 8, 1S95, 352; Migula, Syst. d. 
Bakt., 2, 1000, 161; Aurococcus mollis 
Winslow and Rogers, Science, 21, 1905, 
COO; Staphylococcus rnollis Holland, Jour. 
Bact., 5, 1920, 225.) From air. A cause 
of boils in the trppics, according to Castel- 
lani and Chalmers (Man. Trop. Med., 
3rd ed., 1919, 931). Hucker {loc. cit., 
12 ) states that this species is apparently 
identical with Micrococcus aureus Zopf. 

.1/ icrococc us (Diplococcus ) morrh uae 
Klebahn. (Mitteil. Inst. Aligm. Botan. 
Hamburg, 4, 1919, 11-69; Abst. in Cent, 
f. Bakt., II Abt., 62, 1921, 123.) Halo- 
philic. Associated with spoilage of salted 
fish. 

Micrococcus mucilagineus Weiss. 
(Arb. bakt. Inst. Karlsruhe, 2, Heft 3, 
1902, 191.) From bean infusions. 

Hucker {loc. cit., 11) states that this is 
probably a synonym of jV icrococcus 
citreus Migula. 

Micrococcus mucilaginosus Migula. 
(Micrococcus der schleimigen Milch, 
Ratz, Arch. f. Tierheilkunde, 12, Heft 1 
and 2, 1890; IMigula, Syst. d. Bakt., 2, 
1900, 119; not Micrococcus tmicilaginosus 
Weiss, Arb. bakt. Inst. Karlsruhe, 2, 
Heft 3, 1902, 205.) From slimy milk. 
Winslow and Winslow {loc. cit., 199) state 
that this appears to be a synonym of 
Micrococcus albus Schroeter; while 
Hucker {loc. cit., 18) considers it a syn¬ 


onym in part of Micrococcus caseolyiicus 
Evans. 

Micrococcus mucofaciens Thoni and 
Thaysen. (Cent. f. Bakt., 11 Abt., 36, 

1913, 359; not Micrococcus inucofaciens 
Pribram, Klassifikation dor Schizomy- 
ceten, 1933, 42.) From milk. Hucker 
{loc. cit., 9) considers this a synonym of 
Micrococcus jlavus Trevisan. For a de¬ 
scription of this species, see Bergey et al., 
Manual, 5th ed., 1939, 245. 

Micrococcus mycelicus Castcllani. 
(Proc. Soc. Kxp. Biol, and Med., 25, 
1928, 535-536.) From gummy lesions. 

M icrococcus mycodermatus Holland. 
(Jour. Bact., 6, 1920, 224.) 

.Micrococcus nacrcaccu.$ Migula. (Perl- 
muttergliinzender Diplococcus, Tataroff, 
Inaug. Diss., Dorpat, 1891, 70; Migula, 
Syst. d. Bakt., 2, 1900, 62.) Winslow 
and Winslow {loc. cit., 224) state that 
this is apparently a synonym of Micro¬ 
coccus candicans Fliigge. 

J/icrococcMS neoformans Doyen. (Doy¬ 
en, Le Micrococcus neoformans et les 
ndoplasmes, Paris, 1903.) From can¬ 
cerous tissue. Shown by Andrewes and 
Gordon (35th Ann. Rept. Local Govt. 
Board, London, 1905-06, 553) to be iden¬ 
tical with Micrococcus epidermidis albus 
Welch. 

Micrococcus neurotomae Paillot. 
(Compt. rend. Acad. Sci., Paris, 178,1924, 

246.) Gram-negative. From the larvae 
of Neurotoma nemoralis. 

il/icrococcus neuvillei Trevisan. (Mi* 
crococcus G, Malapert-Neuville, 1887; 
Trevisan, I generi e le specie delle Bat- 
teriacee,Milan, 1889,34.) From mineral 
water. 

Micrococcus nigrescens Castellani. 
(Brit. Jour, of Dermatology, 23, 191 It 
341; Nigrococcus nigrescens Castellani 
and Chalmers, Man. Trop. Med., 3rd ed., 
1919, 2103.) Produces a black pigment. 
Found in the black variety of trichomy¬ 
cosis axillaris, a tropical disease. 

Micrococcus nigrofaciens Northrup- 
(Mich. Agr. Exp. Sta. Tech. Bull. No. 18, 

1914, 12; also in Cent. f. Bakt., II Abt., 
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41, 19U, 326.) From diseased larvae 
of the June beetle {Lachiiostcrna sp.) 
and other insects. 

Micrococcus nitidus Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1897, 476.) 
From the stomach and intestine of birds. 
Winslow and Winslow {loc. cit., 199) 
state that this appears to be a synonym 
of Micrococcus albus Schrocter; while 
Hucker {loc. cfL, 19) regards it as a syn¬ 
onym of Micrococcus freudcnreichii Guil- 
lebeau or of Micrococcus ureae Cohn. 

Micrococcus nitrijicans Bergey ct al. 
(Micrococcus 6, Rubentschick, Cent, f- 
Bakt., II Abt., 72, 1927, 125; Bergey et 
al., Manual, 3rd ed., 1930, 88; not Micro¬ 
coccus nilrificans van Tieghem, Traitc 
de Botanique, Paris, 1883.) From sew¬ 
age filter beds. For a description of this 
species, see Bergey ct al., Manual, 5th 
cd., 1939 , 257. 

Micrococcus nivalis Chester. (No. 47, 
Conn, Storrs Agr. Exp. Sta. 7th Ann. 
Kept., 1895, 80; Chester, Man. Determ. 
Bact., 1901, 90.) From dust. Winslow 
and Winslow {loc. cit., 224) state that 
this is apparently a synonym of Micro¬ 
coccus candicans Fliiggc. 

Micrococcus niveus Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
66 .) From Swiss cheese. Winslow and 
Winslow {loc. cit., 224) state that this is 
apparently a synonym of Micrococcus 
candicans Fliiggc. 

Micrococcus nonfermentans Stcinhaus. 
(Jour. Bact., 4^, 1941, 779.) From the 
alimentary tract of the lyreman cicada 
{Tibicen linnei) and of an unidentified 
damsel fly {Coenagrionidae). 

Micrococcus nuhilis Migula. (Coccus 
B, Foutin, Bakt. Untersuch. von Hagel, 
Wratsch, No. 49 and 50, 1889; sec Cent, 
f. Bakt., 7, 1890 , 373; Migula, Syst. d. 
Bakt., 2, 1900, 60; Micrococcus beta Ches¬ 
ter,Man. Determ. Bact., 1901,87.) Iso¬ 
lated from hail. Winslow and Winslow 
{loc. cit., 205) consider this to be a syn¬ 
onym of Micrococcus candidus Cohn or of 
Gajffkya tetragena Trevisan. 

Micrococcus nuclei Roze. (Compt. 


rend. .\cad. Sci., Paris, 122, 1S96, 544.) 
From potatoes. 

Micrococcus obscoenus Kern. (.4rb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1S97, 
473.) From the stomach contents of a 
crow (Cori'ws coronc). Winslow and 
Winslow {loc. cit., 109) state that this 
appears to be a synonym of Micrococcus 
albus Schroetcr; while Iluckcr {loc. cit., 
19) considers it a synonym of Micrococcus 
freudcnreichii Guillcbeau or of Micro¬ 
coccus ureae Colin. 

Micrococcus ochraceus Rosenthal. (In- 
aug. Diss., Erlangen, 1893, 22; Abst. in 
Cent. f. Bakt., 16, 1894,1024; not .l//cro- 
cocews ochraceus Hansgirg, Ocstr. Bot. 
Ztschr., 1885, No. 4.) From tlie oral 
cavity. Winslow' and Winslow {loc. cit., 
220) consider this a synonym of Micro¬ 
coccus lulcus Migula. For a description 
of this species see Bergey ct al., Manual, 
5th ed., 1939 , 242. 

Micrococcusochroleucus Prove. (Prove, 

Bcitr. z. Biol. d. Pflanz., 4, Heft 3, 1887, 
409; Streptococcus ochroleucus Trevisan, 

I generi e !c specie dclle Battoriacce, 
Milan, 1889, 31; Planococcus ochroleucus 
Migula, Syst. d. Bakt., 2, 1900, 272.) 

From urine. Motile. 

Micrococcus odoratus Henrici. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 1, 1894, 
73 .) From cheese. Winslow and Wins¬ 
low {loc. cit., 224) state that this is appar¬ 
ently a synonym of Micrococcus candicans 

Fliiggc. 

Micrococcus odorus Henrici {loc. cit., 
72). From cheese. Winslow and Wins- 
loV {loc. cit., 224) state that this species 
is apparently a synonym of .Micrococcus 
candicans Fliiggc. 

Micrococcus olearius DcToni and 
Trevisan. {Micrococcus urinae Jlavus 
olcartusDoyon, Jour. d. connaiss. M6dic., 

No. 14, 1889, 108; DcToni and Trevisan, 
in Saccardo, Syllogc Fungorum, 8, 1889, 
1077.) From urine. Hucker {loc. cit., 
12 ) considers this species a synonym of 
Micrococcus aureus Zopf. 

Micrococcus olens Henrici. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 1, 1894, 87.) 
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From Swiss cheese. Winslow and Wins¬ 
low {Joe. cit., 216) consider this a syn¬ 
onym of Micrococcus Jlavus Trevisan. 

Micrococcus opalesccns DeToni and 
Trevisan. (.1/icrococcus albus //, Mag- 
giora, Giorn. Soc. Ital. dTgieno, 11, 1889, 
351; DeToni and Trevisan, in Saccardo, 
Syllogc Fungorum, 8, 1889, 1078.) 

Micrococcus orbic^daris Chester. {Mi- 
crocGccvs orJncularis jlavus Ravcnel, 
Mem. Nat. Acad. Sci.,8,1896,8; Cliestcr, 
Man. Detenu. Uact., 1901, 101.) From 
soil. Winslow and Winslow {loc. cit., 
210) consider this a synonym of Micro¬ 
coccus jlavus Trevisan; while llucker 
{(oc. cit., 10) regards it as a synonym of 
Micrococcus conglomcralus Migula. 

M icrococcus orbiculahts Wright. 
(Mem. Nut. Acad. Sci., 7, 1895, 432.) 
From Schuylkill River water. Winslow 
and Winslow {loc. cit., 220) consider this 
a synonym of Micrococcus lutcus Cohn. 

Micrococcus ovalis Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, llcft 4, 1897, 500; 
not ;!/icrococcus ovalis Eschcrich, Die 
Darmbaktcrien dcs Siiuglings, Stuttgart, 
1886, 90.) From the stomach contents 
of the rock dove {Columba livia). 
ITucker {loc. cit., 9) regards this as a 
synonym of Micrococcus jlavus Trevisan. 

Micrococcus pallcns Ilcnrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
Cl.) From cheese. Winslow and Wins¬ 
low {loc. cit., 205) consider this a syn¬ 
onym of Micrococcus Candidas Cohn or of 
Gajfkya ietragena Trevisan. 

Micrococcus pall ulus Henricl {loc. 
cit., 62). From cheese. Iluckcr (foe. 
cit., 7) regards this species as identical 
with either Micrococcus luteus Ohn or 
iVicrococcus rarians Migula. 

Micrococcus pannosxis Kern. (Arb, 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
466.) From the stomach contents of the 
rock dove {Columba livia) and the in¬ 
testine of another dove {Columba oenas). 
Winslow and Winslow (loc. cit., 224) 
state that this is apparently a synonym 
of Aftcrococcus candicans Fliiggc, 

Micrococcus parajfinae Sohngen. 


(Cent. f. Bakt., II Abf., 37,1913, 505.) 
From garden earth. 

Micrococcus paroiitidis Korcntschcw- 
sky. (Cent. f. Bakt., I Abt., Orig., 
1907, 402.) Isolated from cases of paro¬ 
titis epidemica. 

Micrococcus parvus (Miller) Trevisan. 
{.Jodococcus parvus Miller, Deutsche 
med. Wchnschr., No. 30, 1888; Trevisan, 
I generi c le specie dolle Battcriacce, 
Milan, 1889, 33.) 

.Micrococcus parvus Migula. (No. 14, 
Lembko, Arch. f. Hyg., 26, 1896, 309; 
Migula, Sy.st. d. Bakt., 2, 1000 , 200.) 
From feces, Winslow and Winslow {loc. 
cit., 224) state that this species is appar¬ 
ently a synonym of Micrococcus candi¬ 
cans Fliiggc. 

Micrococcus pasteuri Trevisan. (Mi* 
crobc pyogonc dc I’eau dc Seine, Pasteur, 
1877; Trevisan, I generi c Ic specie delle 
Battcriacce, Milan, 1889, 34; not Micro¬ 
coccus pasteuri Stcrnl^erg, Trans. Pathol. 
Soc. of Philadelphia, 12, 1885, 162.) 
From water. 

il/icrococcus pcllucidu.s Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Ileft 4, 1897, 
468; not Micrococcus pellucidus Roze, 
Compt. rend. Acad. Sci., Paris, 122, 
1896,1012.) From the intestine of aspar- 
row {Passer montanus). Huckcr (loc. cd., 
23) regards this as a synonym of Micro¬ 
coccus candidus Ck)hn or of Micrococcus 
cpzdermidis Iluckcr. 

Micrococcus pemphigi Migula, (Diplo- 
coccus des Pemphigus acutus, Demme, 
Verhahdl. d. Kongr. f. innere Med., 
Wiesbaden, 1886, 336; Diplococcus pem¬ 
phigi acuti Lehmann and Neumann, 

Bakt. Diag., 1 1896,173; Migula, 

Syst. d. Bakt., 2, 1900, V and 191; Micro¬ 
coccus demmei Chester, Man. Deterra. 
Bact., 1901, 74.) Isolated from bullae 
in a case of pemphigus acutus. 

A/icrococcus pemphigicontagiosi Castel¬ 
lan! and Chalmers. (A/icrococcus pem¬ 
phigi contagiosa Clegg and Wherry, Jour. 
Inf. Dis., S, 1906, 171; Castellani and 
Chalmers, Man. Trop. Med., 3rd ed-, 
1919,931.) From bullae in a case of pem- 
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phigus contagiosa. This may be a 
synonym of Micrococcus pemphigineona- 
tonuriy see below. 

Micrococcus pcttiphigineonolorum Cas- 
tellaui and Chalmers. {Micrococcus 
pcmphigi nconciturmn .\l[ii(|uist, Ztschr. 
f. Hyg., 10, 1S91, 253; Staphylococcus 
pemphigi neonatorum Lehmann and Neu¬ 
mann, Bakt. Diag., 1 AuH., 2, 1896, 173; 
Castcllani and Chalmers, Man. Irop. 
Med., 3rd ed., 1910, 031.) Found in 
bullae in a case of pemphigus neonatorum. 
This may be Micrococcus mollis, acconl- 
ing to Castcllani and Chalmers {loc. cit.)- 
Falls {Jour. Inf.Dis.,20,1917,97) identi¬ 
fies this and the previous organism as 
.1/jcrococcus pyogenes var. aureus Zopf. 

Micrococcus percilreus Bergcy et al. 
(Manual, 1st ed., 1923, 03.) From air 
and water, llucker (loc. cit., 10) con¬ 
siders this a synonym of .l/icrococc«.s 
conglomeratus Migula. For a description 
of this species, see Bergcy ct al., Manual, 
5th ed., 1939, 248. 

.1/icrococcus pcr/larus Bergey et al. 
(Manual, 1st od., 1923, 62.) From air 
and water. Mucker (loc. cit., 12) re¬ 
gards this as n synonym of J/icrococcus 
aureus Zopf, For a description of this 
species, see Bergey et al., Manual, 5th 
ed., 1939, 247. 

Ilficrococcus persicus Kern. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 4, 1897, 
499.) From the intestine of a dove (Co- 
lumha ocnas). Mucker (loc. cit., 25) 
stales that this may he identical with 
Micrococcus roseus Fliigge. 

Micrococcus pelcchialis Trevisan. (Mi* 
crococco del dermotifo, Bareggi, 1886; 
Trevisan, I generi e le specie delle Bat- 
toriacee, Milan, 1889, 33.) 

Micrococctts petilus Trevisan. (Mi¬ 
crococcus der Pyacmie bei Kaninchen, 
Koch, t)ber d. Aetiolog. d. Wundinfec- 
tionskr., Leipzig, 1878; Micrococcus pyae¬ 
mias cuniculorum Schroeter, in Cohn, 
Kryptogam. Flora v. Schlesien, 5, 1, 
1886, 148; Trevisan, I generi c le specie 
delle Batteriacee, Milan, 1889, 33; Micro¬ 


coccus cuniculorum Migula, Syst. d. 
Bakt., 2, 1900, 192.) From rabbits. 

.1/icrococcus pctro/ei KenauU. (Compt. 
rend. Acad. Sci., Paris, 124, 1^97, 1315.) 

.\ fossil form from oil bearing rocks. 

Micrococcus pieridis Burrill. (Quoted 
from Chittenden, U. S. Dei)t. Agr., 
Farmers’ Bull. No. 1 101. 1026. 6.) From 
larvae of the cabbage l)utterliy (I'icris 

rapac). 

Micrococcus pikou'shyi Bergey ct al. 
(Culture No. 22, Baranik-Pikowsky, 
Cent. f. Bakt., 11 Abt.. 70, 1027, 373; 
Bergey ct al., Manual, 3rd ed., 1030, 78.) 
From sea water. For a description of 
this species, see Bergey ct al., Manual, 
5 th ed., 1939, 242. 

Micrococcus piliformis Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
194.) From a bean infusion. Mucker 
{loc. cit., 7) considers this a synonym of 
Micrococcus liileus Cohn or of Micrococ¬ 
cus varians Migula. 

Micrococcus piltonensi.'i Gray and 
Thornton. (Cent, f- Bakt., II Abt., 7S, 
1928, 81.) From manure and soil. For 
a description of this species, see Bergey 
et al., Manual, 5th ed., 1939, 259. 

Micrococcus pituitoparus (Mold) Bu¬ 
chanan and Hammer. (Karphococcus 
(Carphococcus) pituitoparus Mold, Jahrb. 

d. Schweiz, 22, 1906, 439; Diplococcus 
viscosus Sato, Cent. f. Bakt., II Abt., 
19, 1907 , 27; Buclianan and Hammer, 
Iowa Agr. Exp. Sta. lies. Bull. 22, 1915, 
285.) From slimy milk and from straw. 
Mucker (loc. cit., 23) states that this 
species is probably identical with Micro¬ 
coccus candidus Cohn or with Micrococcus 
epidermidis Mucker. For a description 
of this species, see Bergcy et al., Manual, 
5th ed., 1939, 243. 

Micrococcus plumosus Eisenberg. 
(Brautigain, Inaug. Diss., Leipzig, 1886, 
18; Federiger Micrococcus, Adametz, 
Mitteil. d. Oesterr. Versuchssta. f. Brau- 
erei u. Malzcrci, Wien, Heft 1, 1888; 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
56.) From feces of cattle and from 
water. Winslow and Winslow (loc. cit., 
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220) consider this a synonym of Micro¬ 
coccus luteus Cohn; while Hucker {loc. 
cit., 22 and 23) regards it as probably 
identical with -1/j‘crococct/s candidus Cohn 
or MicrococcHS epidcrmidis Hucker. 

Micrococcus polypus Migula. (Syst. 
d. Bakt., 2, 1000, 79.) From air. 
Hucker {loc. cit., 23) states tliat this 
species is probably identical with Micro¬ 
coccus candidus Cohn or Micrococcus 
epidcrmidis Hucker. 

Micrococcus populi Delacroix. (Bui. 
Mens. Off. Rcnscig. Agr., Paris, 5, 190G, 
1349 and Ann. Inst. Nat. Agron., 2 Ser., 
5, 190G, 353.) Parasitic on poplar trees 
{Populus spp.). 

Micrococcus porcellorum Trevisan. 
(Micrococcus bei Hepatitis enzootica 
porcellorum, Nonewitsch, Cent. f. Bakt., 
5,1S8S, 233; Trevisan, Igcncri e le specie 
dellc Battcriaecc, Milan, 1889,33.) From 
an infected liver. 

Micrococcus progrediens Schroeter. 
(Micrococcus dcr progressiven Abscess- 
bildung bei Kaninchen, Koch, Uber d. 
Aetiolog. d. Wundinfectionskrankheiten, 
Leipzig, 1878; Schroeter, in Cohn, Kryp- 
togam.-Flora v. Schlcsicn, 5, 1, 1886, 
118; jl/icrococcHS hacmalosaprus Trevi¬ 
san, I generi e le specie dellc Battcriacee, 
Milan, 1889, 33.) From the blood of 
diseased rabbits. 

il/icrococcws psalteri Buemann. (Cent, 
f. Bakt., I Abt., Orig., 71, 1913, 308.) 
From the third stomach of cattle. 

Micrococcus pseudocyaneus Schroeter. 
(Kryptogam.- Flora v. Schlcsien, 5, 1, 
1886, 145.) A synonym of Micrococcus 
cyaneus Cohn according to Migula, Syst. 
d.Bakt.,:^, 1900, 188. 

Micrococcus pseudoinjluenzae Migula. 
(Microorganismus I, Fischel, Ztschr. f. 
Heilkunde, 12, 1891; See Cent. f. Bakt., 
9, 1891, 611; Migula, Syst. d. Bakt., 2, 
1900, 86.) From the blood of an influ¬ 
enza patient. Hucker (ioc. cit., 23) 
considers this a synonym of Micrococcus 
candidus Cohn or of Micrococcus epi- 
dermidis Hucker. 

Micrococcus pulcher Glage. (Ztschr. 


f. Fleisch- u. Milchhyg., 10, 1900, 146; 
not Micrococcus pulcher \Ye\ss, Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 182.) 
From coating on surface of wurst and 
similar meat products. 

Micrococcus pidtiformis Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
474.) From stomach contents of the 
yellow-hammer {Emberiza cilnnella) and 
starling {Siurnus vulgaris) and from the 
intestine of the woodpecker {Picus ma¬ 
jor). Winslow and Winslow {loc. cii., 
199) state tliat this appears to be a syn¬ 
onym of Micrococcus albus Schroeter; 
while Hucker {loc. cit., 19) regards it as 
probably identical with Micrococcus 
freudenreichii Guillebeau or with Micro¬ 
coccus ureae Cohn. 

.1/icrococcns punctatus Migula. (No- 
18, Lembke, Arch. f. Hyg., 29, 1897, 325; 
Migula, Syst. d. Bakt., 2, 1900, 213.) 
From feces. Winslow and Winslow {loc. 
cit., 199) state that this species appears 
to be a synonym of Micrococcus albus 
Schroeter. 

Micrococcus purpurijacwis Lehmann 
and Neumann. (Micrococcus, Dudt- 
schenko, Cent. f. Bakt., II Abt., 4^} 1915, 
529; Lehmann and Neumann, Bakt. 
Diag., 6 Aufl., 2, 1920, 755.) From ice. 
Produces a purple pigment in alkaline 
gelatin media. 

Micrococcus pustulatus Henneberg. 

(Cent. f. Bakt., II Abt., 55, 1922, 251.) 

From the human intestine. 

Micrococcus putridus Tilanus. 
(Munch, med. Wchnschr., 1887, 

From gelatin, agar, etc., containing io > 
form. 

3/icrococcus pygmaeus Henneberg {loc. 
cit., 252). From the human intestine. 

Micrococcus pyocyaneus Irancisco. 
(Revista Valenciana de Ciencias Medicas, 
1914, 2; Abst. in Cent. f. Bakt., I Abt.. 
Ref., 63, 1915, 44; not Micrococcus pyO' 
cyaneus Gessard, Thesis, Paris, 188 

From an acne pustule. , 

Micrococcus pyosepticus (HGricourt ana 
Richet) Solowjew. {Staphylococcus pyo¬ 
septicus H^ricourt and Richet, Comp 
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rend. Acad. Sci., Paris, 107, 18SS, 691; 
Solowjew, Abst. in Cent. f. Bakt., I 
Abt., 18, 1S95, 60.) From an abscess in 
a dog and from dust. Regarded as identi¬ 
cal with Micrococcus albus Schroeter. 

Micrococcus quadrigeminus Klebs. 
{Staphylococcus quadrigeminus Vanselow 
and Czaplewski, Cent. f. Bakt., I Abt., 
S5, 1899,143; sec Lehmann and Neumann, 
Bakt. Diag., 2 Aufl., 2, 1899, 174.) 
Closely related to Micrococcus albus 
Schroeter. 

Micrococcus quaternus Migula. (Sie- 
bert, Inaug. Diss., Wurzburg, No. I, 
1894 , 7; Migula, Syst. d. Bakt., 2, 1900, 
92.) Winslow and Winslow {loc. cil., 
199) state that this appears to be a syn¬ 
onym of il/icrococcMS albus Schroeter. 

Micrococcus radiatus Flugge. (Die 
Mikroorganismen, 2 Aufl., 1886, 176; 
Streptococcus radiatus Crookshank, Man. 
of Bact., 3rd ed., 1890, 256; not Micro¬ 
coccus radiatus Kern, see below.) From 
dust and \vater. Winslow and Winslow 
{loc. cil., 199) state that this appears to 
be a synonym of Micrococcus albus 
Schroeter; while Hucker {loc. cit., 18) 
considers it a synonym of .1/icrococcMS 
caseolyticus Evans. 

Micrococcus radiatus Kern. (Kern, 
Arb. bakt. Inst. Karlsruhe, 1, Heft 4, 
1897, 471; Micrococcus radiosus Migula, 
Syst. d. Bakt., 2, 1900, 114.) From the 
stomach contents of the starling (Sfurnus 
oulgaris). Winslow and Winslow {loc. 
cit., 199) state that this appears to be a 
synonym of Micrococcus albus Schroeter. 

Micrococcus reessii Rosenthal. 
(Inaug. Diss., Berlin, 1893, 19; Abst. in 
Cent. f. Bakt., 16, 1894, 1024.) From 
the oral cavity. Winslow and Winslow 
{loc. cit., 199) state that this appears to 
be a synonym of Micrococcus albus 

Schroeter. 

Micrococcus regularis Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3,1902,183.) 
From bean infusions. Hucker {loc. cit., 
7) considers this a synonym of Micrococ¬ 
cus luteus Cohn or Micrococcus varians 

Migula. 


Micrococcus resinaccus Korn. (.\rb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1897, 
487.) From the stomach contents of the 
starling (iStt/rnas vulgaris) and from the 
intestine of a sparrow {Passer montanus). 
Winslow and Winslow {loc. cit., 220) re¬ 
gard this as a synonym of Micrococcus 
luteus Cohn. 

Micrococcus rhenanus Migula. (Ncuer 
Mikrococcus aus Rheinwasser, Burri, 
Arch. f. Hyg., 19, 1893, 34; Migula, Syst. 
d. Bakt., 2, 1900, 109; Micrococcus rheni 
Chester, Man. Determ. Bact., 1901, 82; 
Albococcus rhenanus Winslow and Rogers, 
Jour. Inf. Dis., 3, 1906, 544.) Iroiii 
Rhine River water. Winslow and Wins¬ 
low {loc. cil., 199) state that thisappears 
to be a synonym of Micrococcus albus 
Schroeter; while Hucker {loc. cit., 18) 
considers it a synonym of Micrococcus 
caseolyticus Evans. 

Micrococcus ridleyi Ck)rbet. (Quart. 
Jour. Rubber Research Inst., Malaya, 2, 
1930,146.) From the latex of tiie rubber 
tree {Ilcvea brasUiensis). For a de¬ 
scription of this species, see Bergcy et 
al.. Manual, 5th cd., 1939, 244. 

.1/tcrococcus rosaccus Frankland and 
Frankland. (Trans. Roy. Society, 
Undon, 178, B, 188, 269; Rhodococcus 
rosaccus Holland, Jour. Bact., 6, 1920, 
225.) From air. Hucker {loc. cit., 25) 
states that this species may be identical 
with Micrococcus roseus Flugge. For a 
description of this species, see Bergcy 
et al., Manual, 5th ed., 1939, 252. 

A/tcrococc?/s rosaccus lactis Conn. 
(Storrs Agr. Exp. Sta. 12th Ann. Kept., 
1900, 34; Micrococcus lactis rosaccus 
Conn, Esten and Stocking, Storrs Agr. 
Exp. Sta. Rept. for 1906, 108.) From 

milk. 

.Micrococcus roscidus Migula. (Micro¬ 
coccus No. I, Adametz, Landwirtsch. 
Jahrb., 18, 1889, 238; Migula, Syst. d. 
Bakt., 2, 1900, 68.) From Emmenthal 
cheese. Winslow and Winslow {loc. cit., 
224) state that this is apparently a 
synonym oiMicroccccus candfeans Flugge. 

Micrococcus roseo-persicinus Migula. 
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(Rote Kokken von ^'an Krmengem, 
Schneider, Arb. bakt. Inst. Karlsruhe, 

1, Heft 2, 1894. 216; Migula, Syst. d. 

Bakt.. 2, 1900, 184.) 

Micrococcus rosettaceus Ziraniermann. 
(Bakt. unscrer Trink- u. Nutzwasscr, 
Chemnitz, I Reihe, 1800, 72.) From 
water. Winslow and Winslow {loc. dt., 
224) state that this is apparently a 
synonym of Micrococcus condicans 

Fliigge. 

il/icrococcus roseus Maggiora. (Giorn. 
Soc. Ital. d’lgiene, II, 1889 , 356; not 
.l/icrococcus roseus Fliigge, Die Alikro- 
organismen, 2 Aufl., 1886, 183; not Mi¬ 
crococcus roseus Gruber, C’cnt. f. Bakt., 

II Abt., 22, 1909, 40S.) 

d/icrococcKS rubellus jMigula. (Syst. d. 
Bakt., 2, 1000, 169.) Source not given. 
Hucker {loc. cit., 27) regards this as 
identical with .Vicrococci/s cinuabareus 

Fliigge. 

Micrococcus rubescens Migula. (No. 
20, Lcmbke, Arch. f. Hyg., 26, 1896, 312; 
Migula, Syst. d. Bakt., 2, 1900, 208; 
not il/icrococcas rubescens Chester, see 
il/icrococcus s?v5rosei/5 below.) From 
feces. Hucker (/oc. cit., 27) regards this 
species as identical with Micrococcus 

cinnabareus Fliigge. 

il/icrococcHS riibidus lactis Conn. 
(Conn, Storrs Agr. Exp. Sta. 12th Ann. 
Kept., 1900, 34; Micrococcus lactis rttbi- 
dus Conn, Esten and Stocking, Storrs 
Agr. Exp. Sta. 18th Ann. Rept., 1907, 
117.) From milk. Resembles .1/icro- 
coccHS cinnabareus Fliigge. Hucker {loc. 
cit., 25) thinks this species may be iden¬ 
tical with Micrococcus roseus Fliigge. 

3/icrococcMS rubigenosus Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
492.) From the stomach contents of a 
dove {Columba oenas). Hucker {loc. 
cit., 25) states that this species may be 
identical with Micrococcus roseus Fliigge. 

Micrococcus rubiginosus Passer, and 
Beltr. (Fung. Sicil., 18—, no. 35; quoted 
from DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 1082.) 
Micrococcus rugatus Aligula. {Micro¬ 


coccus cndocarditidis rugatus 4Veichsel- 
baum, Beitr. z. path. Anat. u. z. allgm. 
Pathol., 4, 1889, 164; Migula, Syst. d. 
Bakt., 2, 1000, 190; d/icrococcus endo¬ 
carditis Chester, Man. Determ. Bact., 
1901,74.) From ulcerative endocarditis. 
Winslow and Winslow {loc. cit., 205) con¬ 
sider this a synonym of Micrococcus Can¬ 
didas Cohn or oi Gajfkya tetragena Tre¬ 
visan; while Hucker {loc. cit., 15) regards 
it as a synonym of .1/icrococc»s albus 

Schroetcr. 

Micrococcus rugosus Chester. (No. 2, 
Conn, Storrs .\gr. Exp. Sta. 6th Ann. 
Rept., 1894, 50; Chester, Man. Dcterm. 
Bact., 1901, 101.) From milk and 

ripened cream. W'inslow and Winslow 
{loc. cit., 216) consider this a synonym of 
.l/icrococcus ^ai'us Irevisan. 

.l/jcrococc»s rinninaniium Henncberg. 

(Cent. f. Bakt., II Abt., 65, 1922, 252.) 
From the human intestine. 

.Vicrococci/s riis/imorcf Brown. (Anier. 
Museum Kovit., No. 251, 1927, 4.) Iso 
lated from a fly {Lucilia sericata) which 


was infected with Bacillus lutzae. 

Micrococcus saccatus Migula. (3/icro' 
coccus albus liquefaciens von Besscr, 
Beitr. z. path. Anat., 6, 1889, 46; Micro¬ 
coccus liquefaciens albus, see Cent. ■ 
Bakt., 7, 1890, 152; Migula, Syst. d. 
Bakt., 2, 1900, 117; Micrococcus hque- 
faciens Chester, Man. Dcterm. Bact., 
1901, 78; not Micrococcus liquefaciei^ 
Holland, Jour. Bact., 6, 1920, ^24, ^ * 

crococcus a/i'i Chester,/oc. cih, 81.) 

the nasal mucous membrane. Wins ow 
and Winslow {loc. cit., 199) state that 
this is apparently a synonym 
coccus albus Schroetcr; while HucKe 
{loc. cit., 19) regards it as probably idenn- 

cal with Micrococcusfreudenreichu CuiiM 

beau or with iUi'crococcus ureae Cohn- 
For a description of this species, se 
Bergey et ah. Manual, 5th ed., 1939, ^ 

J/icrococcus salivalis septicus, 9^ 

from W'igura, see Cent. f. Bakt., ' 

17, 1895, 899. From the human skin- 
il/icrococcus sarcinoides Mig • 
(Syst. d. Bakt., 1. 1900, 168.) Hucker 
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{loc. cit., 27) considers this identical with 
..l/icrococcus cinnabareus Flugge. 

Micrococcus scariosus Migula. (Sie- 
bert, Inaug. Diss., Wurzburg, No. II, 
1894, 9; Migula, Syst. d. Bakt., 2, 1900, 
91.) From a hairbrush. Winslow and 
Winslow {loc. cit., 199) state that this 
appears to be a synonym of M icrococcus 
albus Schroeter. 

il/fcrococc»s scarlatinosus Trevisan. 
(Trevisan, Batteri italiani, 1879, 19; 
Streptococcus rubiginosus Edington, Brit. 
Med. Jour., i, 1887, 1265; Perroncitua 
scarlatinosa Trevisan, I generi e le 
specie delle Batteriacce, Milan, 1889, 
29.) From a scarlet fever patient. 

Micrococcus scarlatinus Migula. 

(Syst. d. Bakt., 2, 1900, 173.) From 
feces. 

il/icrococcus selenicus Brenner. 

(Jahrb. f. wissensch. Botan., 57,1916, 85; 
Abst. in Cent. f. Bakt., II Abt., 48, 1918, 
431.) From mud. 

3/tcrococcws sensibilis Zettnow. 

(Cent. f. Bakt., I Abt., Orig., 77, 1915, 
216.) From dust. Huckcr (/oc. ciL, 19) 
considers this a synonym of M icrococcus 
freudenreichii Guillebeau or of il/icrococ- 
cus ureae Cohn. For a description of 
this species, see Bergey et al.. Manual, 
5th ed., 1939, 248. 

J/tcrococcus septicus (Klebs) Cohn. 
{Microsporon septicum Klebs, Die Ur- 
sachen der infcctiosen Wundkrankhoiten, 
1871; and Zur path. Anat. d. Schuss- 
wundon, 1872; Cohn, Beitr. z. Biol. d. 
Pflanzen, 1, Heft 2, 1872, 164.) From 
pus. 

il/icrococcus serophilus Costa. 
(Compt. rend. Soc. Biol., Paris, 83, 1920, 
931.) From acute articular rheumatism. 

Micrococcus serralus Migula. (No. 
15, Lembke, Arch. f. Hyg., 26, 1896, 309; 
Migula, Syst. d. Bakt., 2, 1900, 200.) 
From feces. Winslow and Winslow {loc. 
cit., 205) regard this as a synonym of 
Micrococcus candidus Cohn or of Gaffhja 
tetragena Trevisan. 

Micrococcus sialoseplicus T re visan. 
{Coccus salivarius septicus Biondi, Ztschr. 


f. Hyg., 2, 1887, 195; Coccus septicus 
Biondi, ibid., 220; Trevisan, I generi c 
Ic specie delle Batteriacee, Milan, 1889, 
33; Micrococcus salivarius Migula, Syst. 
d. Bakt., 2, 1900, 65; Micrococcus sali- 
rarius-septicus Chester, Man. Detcrin. 
Bact., 1901, 87.) From human saliva. 
Winslow and Winslow {loc. cit., 205) con¬ 
sider this a synonym of Micrococcus can¬ 
didus Cohn or of Gaffkya tetragena Tre¬ 
visan. 

Micrococcus siccus Migula. (Micro¬ 
coccus No. V, Adametz, Landwirtsch. 
Jahrb., 18, 1889, 241; Migula, Syst. d. 
Bakt., 2, 1900, 124.) From Emmenthal 
cheese. Winslow and Winslow {loc. cit., 
185) state that this is probably a synonym 
of Micrococcus aurantiacus Cohn; while 
Huckcr {loc. cit., 7) considers it a syn¬ 
onym of Micrococcus lutcus Cohn or of 
Micrococcus varians Migula. 

Micrococcus similis Dyar. (Ann. N. 
Y. Acad. Sci., 8, 1895, 347.) From dust. 
Winslow and Winslow (foe. cil., 205) re¬ 
gard this as a synonym of Micrococcus 
candidus Colin or of Gaffhya tetragena 
Trevisan. 

Micrococcus simplex Wright. (Mem. 
Nat. Acad. Sci., 7, 1895, 432.) From 
Schuylkill Biver water. Winslow and 
Winslow {loc. cit., 199) state that this 
appears to be a synonym of .Micrococcus 
albus Schroeter. 

M icrococcus simulans Deloni and 
Trevisan. {Micrococcus citreus I /, Mag- 
giora, Giorn. Soc. Ital. d’lgiene, 11, 1889, 
354; DcToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 1079.) 

Micrococcus sordidus Schroeter. 
(Schroeter in Cohn, Kryptogam.-Flora 
V. Schlesicn, S, 1, 1886, 145.) Winslow 
and WinSlow {loc. cit., 224) state that 
this is apparently a synonym of .Micrococ¬ 
cus candicans Flugge. 

.4/icrococcus sphaeroides Gray and 
Thornton. (Cent. f. Bakt., II Abt., 73, 
1928, 74.) From manure and soil. For 
a description of this species, see Bergey 
et al.. Manual, 5th ed., 1939, 259. 

Micrococcus staphylopkagus Serbinov. 
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(La Defense des Plantes, Leningrad, 2, 
19^6, 556; see Rev. Appl. Mycol., 5,1926, 
050.) Considered pathogenic on grape¬ 
vines. 

MicrococcHS stellalus (Lustig) trank- 
land and Frankland. (Stern-Coccus, 
Masehek, Jahresber. d. Korn.-Oberrcal- 
schule, Lcitmeritz, No. 10, 1887, 62; 
Coccus stellalus Lustig, Diag. d. Bakt. d. 
Wassers, 2 AuH., 1893, 40; Frankland and 
Frankland, Micro-organisms in Water, 
1894, 503.) From water. Winsohv and 
Winslow {loc. cit., 220) regard this as a 
synonym of Micrococcus luteus Cohn. 

;V/crococc»s strobilifonnis Migula. 
(No. 23, Lembkc, Arch. f. Hyg., 26, 1896, 
315; Migula, Syst. d. Bakt., 2, 1900, 203.) 
From feces. Winslow and Winslow (loc. 
cit., 220) regard this as a synonym of 
.1/icrococci/s luteus Cohn. 

Micrococcus suhcandicans Lavanchy. 
(Univ. Genfcve, Inst. bot. Prof. Chodat, 
Ser. 8, Fasc. 12, 1914, 68; Abst. in Cent, 
f. Bakt., II Abt., 47, 1017, 611.) From 
water of Lake Geneva. 

jl/icrococcHS stibcanus Migula. (No. 
17, Lembko, Arch. f. Hyg., 26, 1896, 311; 
Migula, Syst. d. Bakt., 2, 1900, 202.) 
From feces. Winslow and Winslow {loc- 
cit., 224) state that this is apparently a 
synonym of Micrococcus candicans 
Flugge. 

Micrococcus subcarneus Migula. {Mi¬ 
crococcus carnicolor Kern, Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4,1897, 495; not 
Micrococcus carnicolor Frankland and 
Frankland, Micro-organisms in water, 
1894 , 503; Migula, Syst. d. Bakt., 2, 
1900,181.) From the intestines of doves 
{ColuTuba livia and Colutnba oenas). 
Hucker {loc. cit., 26) states that this may 
be identical with Micrococcus' roseus 
Flugge. 

Micrococcus subcitreus Migula. 
(Citronengelber Micrococcus, Keck, 
Ueber das Verhalten der Bakterien im 
Grundwasser, Dorpat Dissertation, 1890, 
60; Migula, Syst. d. Bakt., 2, 1900,147.) 
From air and w*ater. Winslow and Wins¬ 
low (loc. ctt., 216) consider this a syn¬ 


onym of Micrococcus Jlavus Trevisan. 
For a description of this species, see 
Bergey et al.. Manual, 5th ed., 1939, 249. 

Micrococcus subcretaceus Migula. 
(Kreideweisserverflussigender il/icrococ- 

cus, Keck, Inaug. Diss., Dorpat, 1890, 
64; Migula, Syst. d. Bakt., 2, 1900, 107.) 
Winslow and Winslow {loc. cit., 199) 
state that this species appears to be a 
synonym of il/icrococc?is albus Schrooter. 

Micrococcus subjiavescens Bergey et al. 
(Manual, 1st ed., 1923, 61.) From dust 
and water. Hucker {loc. cit., 9) con¬ 
siders this a synonym of Micrococcus 
jlavus Trevisan. For a description of 
this species, see Bergey et al., Manual, 
5th ed., 1939, 246. 

Micrococcus subjlavidus Migula. {Mi¬ 
crococcus telragenvs subjlavus v. Besser, 
Beitr. z. allgm. Path. u. path. Anat., 6, 
1889, 347; Migula, Syst. d. Bakt., 1900, 
190; jl/icrococcws subjlavus Chester, Man. 
Determ. Bact., 1901,96; not Micrococcus 
subjlavus Fliigge, Die Mikroorganismen, 

2 Aufl., 1886, 159.) From normal nasal 
mucus. Winslow and Winslow {loc. cit.. 
184) state that this is apparently a syn¬ 
onym of .I/icrococcns aureus Zopf; while 
Hucker {loc. cii., 7 and 21) considers it 
probably identical with Micrococcus lu- 
tcus Co'hn, il/icrococcus earians Migula, 
or Gajjhja tetragena Trevisan. 

Micrococcus subjlavus Flugge. (Gelb- 
weisser Diplococcus, Bumm, Die Mikro- 
org. d. gonorrh. Schleimhauterkr., 1 

Aufl., 1885 and 2 Aufl., 1887, 20; Fliigge, 
Die Mikrooi^anismen, 2 Aufl., 1886, 159, 
Neisseria subjlava Trevisan, I genen e 
le specie delle Batteriacee, Milan, 1889, 
32; Diplococcus subjlavus Eisenberg, 
Bakt. Diag., 3 Aufl., 1891, 307; not 
il/tcrococcus subjlavus Chester, Man. De 
term. Bact., 1901, 96.) From gonorrheal 
pus. Winslow and Winslow {loc. cU.* 
216) consider this a synonym of iU*' 
crococcus jlavus Trevisan. For a descrip¬ 
tion of this species, see Bergey et ah. 
Manual, 5th ed., 1939, 248. 

A/icrococcus subfuscus Matzuschim 

(Cent. f. Bakt., I Abt., 29, 1901, 383.^ 
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From dust. Similar to Micrococcus fus- 
cus Adametz. 

Micrococcus siibgilvus Migula. {Mi¬ 
crococcus gilvus Hcnrici, Arb. a bakt. 
Inst. Karlsruhe, J, lleft 1, 1894, 78; not 
-Uicrococcws gilvus Losski, Inaug. Diss., 
Dorpat, 1893, CO; Migula, Syst. d, Hakt., 
3, 1900, 132.) From cheese. Winslow 
and Winslow {loc. cU., 220) regard this 
as a synonym of Micrococcus luteus 
Cohn. 

Micrococcus subgranulalus Migula. 
{Micrococcus dtreus granulatus Freund, 
Inaug. Diss., Erlangen, 1893 , 27; Migula, 
S 3 ’St. d. Bakt., 3, 1900, 148; Micrococcus 
granulatus v. Bagarewski, Cent. f. Bakt., 
11 Abt., ]J, 1905, 7.) From the oral 
cavity. Winslow and Winslow {loc. cit., 
216) consider this a synonym of Micro¬ 
coccus flavus Trevisan. For a descrip¬ 
tion of this species, sec Bergey et al., 
Manual, 5th cd., 1039, 249. 

MicrococctiS suhgriseus Migula. 
(Graucr Coccus, Maschek, Jahresb. d. 
Kom.- Obcrrcalschulc, liCitmeritz, No. 
8 , 1887, 61; Migula, Syst. d. Bakt., 3, 
1900, 94.) From water. Winslow and 
Winslow {loc. ciC, 199) state that this 
appears to be a synonym of Micrococcus 
albus Schroetcr; while Huckcr {loc. cil., 
19) regards it as a synonym of Micrococcus 
freudenreickii Guillebcau or of A/icro- 
coccus urcae Cohn. 

Micrococcus sublacteus Migula. (No. 
27, Lembke, Arch. f. liyg., 39, 1897, 329; 
Migula, Syst. d. Bakt., 3, 1900, 210.) 
From feces. Winslow and Winslow (foe. 
cit., 199) state that this appears to be a 
synonym of Micrococcus albus Schroetcr; 
while Hucker {loc. cil., 19) regards it as 

a synonym of Micrococcus freudenreichii 
Guillcbeau or of Micrococcus urcae Cohn. 

Micrococcus suhlilacimis Migula. (No. 
26, Lembke, Arch. f. Hyg., 36, 1896, 317; 
Migula, Syst. d. Bakt., 3, 1900, 205.) 
From feces. Huckcr {loc. cit., 15) con¬ 
siders this a synonym of A/icrococcn« al- 
bus Schroeter. 

Micrococcus subluteus Weiss. (Arb. 


bakt. Inst. Karlsrulie, 2, Heft 3, 1902, 
198.) From vegetable infusions. 

Micrococcus subniveus Migula. {Mi¬ 
crococcus albidus Ilenrici, Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 75; not 
Micrococcus albidus Ix)sski, Inaug. Diss., 
Dorpat, 1893, 55; Migula, Syst. d. Bakt.j 

2, 1900, 105.) From Swiss cheese. 

Winslow and Winslow {loc. cit., 199) state 
that this appears to be a synonym of 
Micrococcus albus Schroetcr. 

M icrococcus subochraccus Migula. 
(No. 30, Lembke, Arch. f. Hyg., 39, 1897, 
332; Migula, Syst. d. Bukt., 2, 1900, 215.) 
From feces. Winslow and Winslow {loc. 
cit., 216) regard this as a synonym of 
Micrococcus Jlavus Trevisan. 

Micrococcus suhrosciis Migula. {Mi¬ 
crococcus roseus Eisenberg, Bakt. Diag., 
3 Aufl., 1801,408; Migula, Syst. d. Bakt., 

3, 1900, 176; Micrococcus rubescens Clies- 
ter, Man. Determ. Baet., 1901, 105.) 
From the sputum of an influenza patient. 
Huckcr {loc. cit., 26) states tliat this may 
be identical witli Micrococcus roseus 
Fliiggc. 

Micrococcus subterranevs Han.sgirg. 
(Hansgirg, Ocst. Bot. Zcitschr., 1888, 
No. 7-8, 8; Staphylococcus sublcrraneus 
DeToni and Trevisan in Saccardo, 
Sylloge Fungorum, 8, 1889, 1075.) From 
damp walls of wine cellars in Bolicmia. 

Micrococcus subtilis Migula. (Diplo- 
coccus, Kirchner, Ztschr. f. Hyg-, 9, 1890, 
528; Migula, Sj'st. d. Bakt., 3, iQOO, 192.) 
Found in the sputum and Mood of influ¬ 
enza patients. 

A/icrococcus succulentus Ilenrici. 
(Arb. bakt. Inst. Karlsruhe, 1, Heft 1, 
1894, 03.) From Swiss cheese. Wins¬ 
low and Winslow (foe. cit., 224) state 
that this is apparently a synonym of 
Micrococcus cancficons Fliigge. 

Micrococcus sulphureus Zimmermann. 
(Bakt. unsercr Trink- u. Nutzwasser, 
Chemnitz, I Reihe, 1890, 84.) From 
water. Winslow and Winslow {loc. cit., 
220) regard this as a synonym of Micro¬ 
coccus luteus Cohn. 

Micrococcus suis Burrill. {Bacillus 
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sin's Detmcrs, llept. U. S. Dept. Agric. 
for 187S; Burrill, Amer. Xat., 17, 1S83, 
320.) I'rom blood of hogs sick with 
swine plague or hog cholera. 

.l/icrococcKS syphiliticus Migula. (Coc- 
ceii, Disse. Deutsche mcd. Wchnsehr., 
15. 1887 , 88S; Migula, Syst. d. Bakt., 2, 
1900, 218.) This may be synonymous 
with Micrococcus candicans Fliiggc. 

.1/icrococciis tanligradus Trevisan. 
(.l/icrococciis Jlavus tardigradm Fliiggc, 
Die Mikroorganismen, 2 Autl., 1886, 175; 
Trevisan, I gcneri c le specie dclle Bat- 
teriacce, Milan, 1889, 34; .l/icrococcus 
sulfureus ^-lardigradus Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 
163; Micrococcus sulfureus var. tar- 
digradus Ltihnis and Pillai, Cent. f. 
Bakt., II Abt., 10, 1907, 92.) From air; 
also found in water. Winslow and Wins¬ 
low {loc. cil., 220) regard this as a 
synonym of Micrococcus lutcus Cohn. 

Micrococcus tardior Migula. {Diplo- 
coccus flavus liqucjacicns tardus Unna 
and Tommasoli, Monatshcftc f. prakt. 
Dermatol., 9, 1889, 56; Migula, Syst. d. 
Bakt., 2, 1900, V and 111; Micrococcus 
epidermis Chester, Man. Determ. Bact., 
1901, 97; Diplococcus Jlavtis-liqueJaciens 
Chester, ibid.) From eczema. Wins¬ 
low and Winslow {loc. cii., 216) regard 
this as a synonym of .l/fcrococcus Jlavus 
Trevisan; while Hucker {loc. cit., 11) 
regards it as a synonym of Micrococcus 
citreus Migula. 

Micrococcus tardissimus (Trevisan) 
Migula. (Milchweisser Micrococcus, 
Bumm, Mikroorg. d. gonorrh. Schleim- 
hauterkr., 1 Aufl., 1885; Diplococcus 
afbica 7 is tardissimus Fliigge, Die Mikro¬ 
organismen, 2 Aufl., 1886, 183; jVeisscn'a 
iardissima Trevisan, I generi e le specie 
delle Balteriacee, Milan, 1889,32; Micro¬ 
coccus albicans tardissimus Sternberg, 
Man. of Bact., 1893 , 882; Migula, Syst. 
d. Bakt., 2, 1900, 49.) Found in vaginal 
secretions. Winslow and Winslow {loc. 
ciL, 205) regard this as a synonym of 
Micrococcus Candidas Clohn or of Gajfkya 
tetragena Trevisan; while Hucker {loc. 


cil., 7) considers it a synonym of Micro¬ 
coccus lutcus Cohn or Micrococcus varians 
Migula. 

Micrococcus tardus Migula. {Diplo¬ 
coccus albicans tardus Unna and Tom- 
inasoli, Monatsheftc f. prakt. Dermatol., 
.9, No. 2, 1889, 49; Micrococcus albicans 
tardus Sternberg, Man. of Bact., 1893, 
882; Migula. Syst. d. Bakt., 2, 1900 , 50; 
-Micrococcus eczemae Chester, Man. De¬ 
term. Bact., 1901, 86). From eczema. 
Winslow and Winslow {loc. cil., 216 and 
224) regard this as a synonym of Micro¬ 
coccus jlavus Trevisan or of Micrococcus 
candicans Flugge. 

Micrococcus tenacatis Chester. (No. 
43, Conn, Storrs Agr. Exp. Sta. 7th Ann. 
Uept., 1895, 78; Chester, Man. Dcterm. 
Bact., 1901, 88.) From milk from Uru¬ 
guay. Win.slow and Winslow {loc. cit., 
220 ) state that this is apparently a syn¬ 
onym of Micrococcus candicans Flugge. 

Micrococcus iener Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 200.) 
From a vegetable infusion. 

Micrococcus tenuissinius Migula. (^Ui- 
crococcus cumulatus tenuis v. Besser, 
Beitr. z. path. .\nat.,5,1889,347;Migula, 
Syst. d. Bakt., 2, 1900 , 55; Micrococcus 
cumulatus Chester, Man. Dcterm. Bact., 
1901, 87.) Frequently found in human 
nasal mucus. Winslow and Winslow 
{loc. cit., 205) regard this as a synonym 
of Micrococcus Candidas Cohn or of 
Gaffkya tetragena Trevisan. 

Micrococcus tetragenus aureus Boutron. 
(These, Paris, 1893; Abst. in Cent. f. 
Bakt., 16, 1894, 971.) Hucker {loc. cit., 
21) regards this as a synonym of Gaffkya 
tetragena Trevisan. 

Micrococcus tetragenus concenlricus 
Schenk. (Allg.Wien.med.Zcitung,1892, 

81 and 92; Abst. in Cent. f. Bakt., 16, 
1893 , 720.) From feces. Motile. 

Micrococcus tetragenus-pallidus Ches 
ter. {Micrococcus tetragenus pallidas, 

Dyar, Ann. N. Y. Acad. Sci., 1895, 3"^ » 
Chester, Man. Determ. Bact., 1901, 93 ) 
From dust. Probably a variety of Mi¬ 
crococcus versatilis Chester, see below- 
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Micrococcus iciragcnus-vividus Ches¬ 
ter. {Micrococcus iclragenus vividus 
Dyar, Ann. N, Y. Acad. Sci., 8,1895, 354 ; 
Chester, Man. Determ. Bact., 1901, 102.) 
From dust. Probably a variety of Micro¬ 
coccus versatilis Chester, see below. 

.Vtcrococcw.'? tetras Henrici. (Arb. 
bakt. Inst. Ivarlsruhe, 1, Heft 1, 1894, 
60; Pediococcus tetras Pribram, Klassi- 
fikation der Schizomyceten, 1933, 46.) 
From cheese. \Vinslow and Winslow 
{loc, cit., 224) state that this species is 
apparently the same as .l/jcrococc»s 
candicans Fliigge. 

.^/icrococcws thermophilus Ilansgirg. 

(Oestr. Bot. Ztschr., No. 3, 1888, 5.) 
From hot springs. 

ilftcrococci/s toxicatus Burrill. (Amer. 
Nat., 17, 1883, 319.) From poison ivy 
and other plants in the genus Rhus. 

Micrococcus trachomatis Migula. 
(Trachomococcus, Battler, in Zehender, 
Klin. Monatsbl., 1881; Trachomococcus, 
Michel, Arch. f. Augonheilk., IG, 1886; 
Neisseria, micheli Trevisan, I generi e 
le specie dellc Batteriacec, Milan, 1889, 
32; see Baumgarten, Lehrb. d. path. 
Mykol., 1, 1890, 421; Migula, Syst. d. 
Bakt., 2, 1900, 67.) Winslow and Wins¬ 
low {loc. cit., 205) consider this to be a 
synonym of Micrococcus Candidas Cohn 
or of Gaffkya tetragenn Trevisan. 

Micrococcus iributyrus Stark and 
Scheib. (Jour. Dairy Sci., 19, 1936, 210.) 
From butter. 

Micrococcus tritici Prillicux. (Mala¬ 
dies des plantes agricoles, /, 1895, 7; not 
Micrococcus tritici Kock, Monatshcftc f. 
I^andwirtschaft, 1909, 247, quoted from 
Lehmann and Neumann, Bakt. Diag., 
5 Aufl., 2, 1912, 653.) Considered patho¬ 
genic on wheat. 

Micrococcus iuherculosus Migula. 
(No. 23, Lembke, Arch. f. Hyg., 29, 1897, 
325; Migula, Syst. d. Bakt., 2, 1900, 214.) 
From feces. Winslow and Winslow {loc. 
cit., 224) state that this is apparently a 
synonym of M icrococcus candicans Fliiggc. 


.1/icrococcus typhoidcus Migula. (Coc¬ 
cus .\, Foutin, Bakt. Untersuch. v. llagel, 
Wratsch. 1889, No. 19 and 50; sec Cent, 
f. Bakt., 7, 1890. 373; Migula, Syst. d. 
Bakt., 2 1900, 91; .1/icrococcus alpha 
Chester, Man. Detenu. Bact., 1001, 93.) 
From hail. Winslow and Winslow {loc. 
cit., 199) state tliat this appears to be a 
svnonvm of Micrococcus albas Schroeter; 
while Hucker {loc. cit., 25) states that it 
may be identical with .Micrococcus roseus 
Fliiggc. 

Micrococcus ulceris de Luca. (Caz- 
zetta degli Ospitali, 1886; Abst. in Cent, 
f. Bakt., 1, 1887, 333; .l/icrococcus ulccris 
mollis de Luca, ibid.) From the secre¬ 
tion of a venereal ulcer. 

,1/icrococcus ulmi Bru.ssoff. (Cent. f. 
Bakt., II .\ht., G3, 1925, 261.) Isolated 
from diseased elm trees. 

Micrococcus umbilicalus Weiss. (.\rb. 
bakt. Inst. Karlsruhe, 2, Ileft 3, 1002, 
186.) From a bean infusion. Hucker 
{loc. cit., 12) considers this a synonym of 
Micrococcus aureus Zopf. 

Micrococcus ureae Migula. (Torule 
ammoniacale, Pasteur, Ann. de Chim. 
et de Phys., 3 sC-r., G4, 1802. 52; van 
Ticghem, Comp. rend. Acad. Sci., Paris. 
68, 1804, 210; Torula urcac Lea, Jour, of 
Physiol., II. 1890, 226; Migula, in Kngler 
and Prantl, Die natiirl. Pflanzenfam., 
/, la, 1895, 17.) From urine. May not 
be the same as Micrococcus ureae Cohn. 

Micrococcus urinalbus De Toni and 
Trcvi.san. {M icrococcus albus urinae 
Doyen, Jour. d. connaiss. medic., No. 
14, 1889, 108; Do Toni and Trevisan, in 
Saceardo, Sylloge I'ungorum, 8, 1889, 
1076.) From urine. Hucker {loc. cit., 
15) considers this a synonym of .1/ icrococ¬ 
cus albus Schroeter. 

.U icrococcus uru^uae Chester. (No. 
40, Conn, Storrs .‘\gr. Kxp. Sta. 7th Ann. 
Hept., 1893, 78; Chester, Man. Determ. 
Bact., 1901, 100.) From milk from 
Uruguay. Winslow and Winslow {loc. 
cit., 216) regard this as a synonym of 
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Micrococcus jlavus Trevisan; while 
Hucker {loc. cit., 10) regards it as a 
synonym of Micrococcus conglomeratus 

Migula. 

.l/jcrococcus utriculosus Migula. (No. 
20, Lembke, Arch. f. Hyg., 29, 1897, 327; 
Migula, Syst. d. Bakt., 2, 1900, 199.) 
From feces. Winslow and Winslow {loc. 
cH., 199) state that tiiis appears to be a 
synonym of .l/fcrococcus albus Schroeter. 

M icrococcus varians lactis Conn. 
(Stores Agr. Exp. Sta. 12th Ann. Kept., 
1900, 37.) From milk, cream, dust. 
According to Weigmann (In Lafar, 
Handb. d. techn. Mykologie, 2, 1905, 
13) tliis is identical witli Staphylococcus 
tnasdtis albus. Ilucker {loc. cil., 11) 
regards it as a synonym of Micrococcus 

citrous Migula. 

jl/icrococcws ranbcoccus Muller-Thur- 
gau and Osterwalder. (Cent. f. Bakt., 
II Abt., 30, 1913, 236.) From wine. 

Micrococcus versalilis Chester. {Mi¬ 
crococcus tetragenus febris jlavat Finlay, 
il/icrococcws telragcnus versalilis Stern¬ 
berg, Report on etiology and prevention 
of yellow fever, Washington, 1891, 164; 
Chester, Alan. Determ. Bact., 1901, 102.) 
Isolated from the excrement of mosqtii- 
toes which had sucked the blood of yellow 
fever patients; and from dust. Winslow 
and Winslow {loc. cii.,216) regard this as a 
synonym of Micrococcus Jlaviis Trevisan. 

Micrococcus versicolor Flugge. (Die 
Mikroorganismen, 2 Aufl., 1886, 177.) 
From dust. Winslow and Winslow {loc. 
cil., 220) consider this a synonym of 

Micrococcus luieus Cohn. 

.1/icrococcus vesicae Heim. (Lehrb. 
d. Bakt., 2 Aufl., 1898, 297.) From acid 
urine. Winslow and Winslow {loc. cit., 
224) state that this is apparently a 
synonymof Micrococcus candicaas Flugge. 

Micrococcus vesicans Harman. (Jour. 
Path, and Bact., 9, 1904,1.) Considered 
the cause of veld sore, a disease of Africa 
and tropical Australia. 

Micrococcus vesicosus Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
203.) From a vegetable infusion. 


Hucker (/oc. cii., 8) considers this spe¬ 
cies identical with either .1/icrococcus 
luteus Cohn or Micrococcus varians 

Migula. 

Micrococcus t’csicuii/crus Migula. 
(No. 28, Lembkc, Arch. f. Hyg., 25,1897, 
330; Migula, Syst. d. Bakt., 2, 1900, 211.) 
From feces. Winslow and t\inslow {loc. 
cit., 220) regard tliis as a synonym of 
.l/icrococcu.$ luteus Cohn. 

.1/icrococcus vincenzii Clicster. {Mi¬ 
crococcus tetragenus citreus Vincenzi, La 
Riforma Med., 1897, 758; Chester, Man. 
Detcrm. Bact., 1901, 103.) From the 
submaxillary lymphatic gland of a child. 
Winslow and Winslow {loc. cit., 220) re¬ 
gard this as a .synonym of Micrococcus 
luieus Cohn. 

Micrococcus vini Migula. {Micrococ¬ 
cus saprogencs vini I, Kramer, Bakt. m 
Beziehungen z. T./andwirtsch. u. <1. land- 
wirtsch-techn. Gewerben, II Teil, 1892, 
139; Migula, Syst. d. Bakt., 2, 1900.118.) 
From wine. Winslow and Winslow {loc. 
cit., 199) state that this appears to bo a 
synonym of Micrococcus albus Schroeter, 
while Ilucker {loc. cit., 8) considers it 
identical with Micrococcus luteus Cohn 
or .l/icrococcus varians Migula. 

Micrococcus viniperda Schroeter. 
(Schroeter in Cohn, Kryptog.-FIora v. 
Schlesien. 3, 1, 1886, 144.) From dust, 

feces, etc. . 

3/icrococcus uiscosus Bergey et al. 
{Micrococcus lactis viscosus B, Conn, 
Esten and Stocking, Storrs Agr. Exp. 
Sta. Rept. for 1906, 109; Bergey et ah, 
Manual, 1st ed., 1923. 68.) From pas¬ 
teurized milk. For a description of thw 
species, see Bergey et al., Manual, 5t^ 
ed., 1939, 256. See il/icrococcus lachs 

viscosus Sternberg. 

3/icrococcus uiscosus lactis Conn. 

(Storrs Agr. Exp. Sta. 12th Ann. Kept-, 

1900 , 44.) From milk. 

.Ificrococcus viliculosus Flugge. (Die 
Mikroorganismen, 2 Aufl., 1886, 178. 
From dust and water. Winslow an 
Winslow {loc. cit., 205) consider this to 
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be a synonym of Micrococcus candidiis 
Cohn or of GaJJkya tclragena Trcvisan. 

Micrococcus vulgaris Eckstein. 
(Ztschr. f. Forst- u. Jagdwesen, 26, 
1894, 17; Abst. in Cent. f. Bakt., I Abt., 
18, 1895, 292; not Micrococcus vulgaris 
Weiss, Arb. bakt. Inst. Karlsruhe, 2, 
Heft 3, 1902, 193.) From insects. 

Micrococcus xanthogcnicus (Frcire) 
Trevisan. {Cryptococcus xanlhogenicus 
Freire, Recherches sur la cause de la 
fievre jaune, Rio de Janeiro, 1884; Tre¬ 
visan, I generi e Ic specie dcllc Batteria- 
cee, Milan, 1889, 33.) Isolated from 
yellow fever and supposed by Freire to 
be the cause of the disease. Winslow 
and Winslow {loc. cit., 199) state that 
this appears to be a synonym of Microco- 
cus albus Schrocter. 

.4/tcrococcn5xenopwsSchrireandGreen- 

field. (Trans. Royal Soc. So. Africa, 
17, 1930, 309.) From an abscess in a toad 
{Xeno'pus sp.). For a description of 
this species, sec Bcrgey et al., Manual, 
5th ed., 1939 , 243. 

M icrococc us xeroph ilus G lage. 

(Ztschr. f. Fleisch- u. Milchhygiene, 10, 
1900, 145.) From coating on surface of 
dry wurst and similar meat products. 

Micrococcus zeae Serbinov. (Ba De¬ 
fense dcs Plantes, 2, 1926, 546.) From 
flour, grain and seedlings of corn. Was 
thought to be a cause of pellagra in South 
Russia. 

Micrococcus zonatus Ilenrici. (Arb. 
bakt. Inst. Karlsruhe, f, Heft 1,1894,68.) 
From cheese. Winslow and Winslow 
(loc. cit., 224) state that this is appar¬ 
ently a synonym of il/icrococcus candi- 
cans Fliigge. 

Planococcus casei Migula. (Micro¬ 
coccus No. Ill, Adametz, Landwirtsch. 
Jahrb., 18, 1889, 240; Migula, Syst. d. 
Bakt., 2, 1900, 270.) From Emmcnthal 
cheese. 

f fanococcus loefleri Migula. (Loffler, 
Cent, f. Bakt., 7,1890,637; Migula, Syst. 
d. Bakt., 1900, 273.) From colony on 
an old gelatin plate. 

Planococcus luteus (Adametz) Migula. 


{Diplococcus luteus Adametz, Mittcil. 
d. oesterr. Vers. Station f. Brauerei u. 
Miilzerei in Wien, Heft I, 1888, 39; 
Neisseria lulea Trcvisan, I generi e le 
specie delle Batteiiacce, Milan, 1889, 32; 
Migula, Syst. d. Bakt., 2, 1900, 274.) 
Hucker {loc. cit.,d) considers this species 
a synonym of Micrococcus flavus Trevi¬ 
san. 

Phodococcus fulvus Winslow and 
Rogers. (Jour. Inf. Dis., 8, 1906, 545; 
not .l/icrococc»s fulvus Cohn, Beitr. z. 
Biol. d. Pflanzen, 1, Heft 3, 1875, 181.) 
From soil, air and water. 

Staphylococcus albicans Stigell. 
(Cent. f. Bakt., I Abt., Grig., 48, 1908, 
489.) Probably intended for Micrococcus 
albicans amplus Fliigge. 

Staphylococcus albus liquefaciens 
Sternberg. (White liquefying staphylo¬ 
coccus, Eschcrich, Die Dannbakterien 
dcs Sauglings, Stuttgart, 1886, 88; Stern¬ 
berg, Manual of Bact., 1893,607.) Found 
occasionally in the feces of healthy 
infants. 

Staphylococcus albus non liquefaciens 
Hlava. (Sbornik lekafsk^, II, Prague, 
1887, 12 pp.; sec Cent. f. Bakt., 2, 1887, 
688 .) Probably a synonym of Micrococ¬ 
cus albocercus Migula. 

Staphylococcus anaerohius Ileurlin. 
(Bakt. Unters. d. Keimgchaltes im 
Genitalkanale d. fiebernden Wochnerin- 
non, Helsingfors, 1910, 120.) Soc 

Weinberg, Nativclle and Prdvot, Les 
Microbes Anadrobies, Paris, 1937, 1027; 
probably not the same as Staphy'ococcus 
ano€ro6ius Hamm, Die puerperale 
Wundinfektion, Berlin, 1912. Incom¬ 
pletely described. From genital tract. 

Staphylococcus anaerobius major Heur- 
lin {loc. cit., 120). From genital tract. 

Staphylococcus anaerobius minor Heur- 
lin (foe. cit., 120). From genital tract. 

Staphylococcus aureus sarciniformis 
Rosenhauch. (Klin. Monatsbl. f. Augen- 
heilkunde, Jahrg., 8, 1909, 257; Abst. in 
Cent. f.Bakt., I Abt., Ref., 4^, 1910,787.) 

Staphylococcus bovis Ford. {Staphylo¬ 
coccus pyogenes bovis Lucet, Ann. Inst. 
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Past., r, 1803, 327; Ford, Tcxtb.of Bact., 
1927, 424.) Found in suppurative le¬ 
sions of cattle. 

Staphylococcus Candidas Warrington. 
(Lancet, 1, 1SS8.) 

Staphylococcus jlavocyancAis Knaysi. 
(Jour. Bact., 43, 1042, 3GS.) Found as a 
contaminant in dissociation studies. 

Staphylococcus Jlavus non pyogenes 
Fninkel and Sander. (Arch. f. path. 
Anat., 108, 1887 , 2SG; Abst. in Cent. f. 
Bakt., 3, 1888, 281.) Found in endo¬ 
carditis ulcerosa. 

Staphylococcus griseus Tavel. (Quoted 
from Lehmann and Neumann, Bakt. 
Diag., 1 -Aufl., 2, 1896, 173.) From pus. 

jS/ap/i(//ococcus griseus radialus \iti. 
(Atti d. U. Accad. d. Fisiocritici di 
Siena, Ser. IV., 2, 1801. .\bst. in Cent. 
f. Bakt., 11, 1892, 672.) From cases of 

endocarditis. 

Staphylococcus habanensis Cdbler. 
(Quoted from Fernandez, Cronica medico 
quirlirgica de la Habana, 1891, No. 30, 
.\bst. in Cent. f. Bakt., 11, 1892, 472.) 
Isolated from the human eye. 

Staphylococcus inscclorum Krassilst- 
schik. (Quoted from Paillot, Les mal¬ 
adies du ver b. soie grasseric ct dysen¬ 
teries, 1928, 171.) From the intestinal 
tract of the silkworm {Bombyx mori). 

Staphylococcus lactis acidi McDonnell. 
(Inaug. Diss., Kiel, 1899; Abst. in Cent, 
f. Bakt., II Abt., 6, 1900, 120.) 

Staphylococcus fcfoiriJ Trevisan. (Mi¬ 
crobe des perifolliculites conglomerecs, 
Leloir, Soc. anatomique, May, 1884, Tre- 
visan, I generi e le specie delle Batteria- 
cee, Milan, 1889,33.) 

Staphylococcus liquefaciens aurantia- 
cus Distaso. (Cent. f. Bakt., I Abt., 
Orig., 69, 1911, 102.) From feces. 

Staphylococcus rnuscae Glaser. (Araer. 
jour. Hyg., 4,1924, 411.) Causes a fatal 
infection in house flies (-1/ usca domestica). 
For a description of this species, see 
Bergey et ah, Manual, 5th ed., 1939, 264. 

Staphylococcus non pyogenes Savor. 
(Beitr. z. Geburtshilfe u. Gynakol. v. 
Hegar, Heft 1, 1898; Abst. in Cent. f. 


Bakt., I Abt., 26*, 1899, 642.) From 
urino-genital tract. 

Staphylococcus pharyngis Bergey etal. 

(Manual, 1st cd., 1923, 56.) Found in 
tlic human nasopharynx in acute catarrh¬ 
al inflammation. For a description of 
this species, see Bergey et al.. Manual, 
5th ed., 1939, 265. 

Staphylococcus putrificus SchottmuUer. 
(Leitfaden f. d. Klinisch- Bakt. Kultur- 
Methoden, Berlin, Wien, 1923. Quoted 
from Weinberg, Nativelle and Pr6vot, 
Les Microbes Aiiacrobics, Paris, 1927, 
1027.) 

Staphylococcus pyogenes liquefaciens 
albus Hlava. (Sbornik 16kafsk^, II, 
Prague, 1887, 12 pp.; Abst. in Cent, f- 
Bakt., 2, 1887, 688.) From small pox 
pustules. 

Staphylococcus pyogenes tenuis Scheibc. 
(Inaug. Diss., Munchen, 1889; see Cent, 
f. Bakt., 6, 1880, 186.) From middle ear 
infections. 

Staphylococcus roseus Tavel. (Quoted 
from Lehmann and Neumann, Bakt. 
Diag., 1 AuH., 2, 1896, 177.) Evidently 
identical with Micrococcus roseus Leh¬ 
mann and Neumann or .l/jcrococcws 
roseo-fulvus Lehmann and Neumann. 

Staphylococcus salirarius Andrewes 
and Gordon. (35th Ann. Kept. I-ocal 
Govt. Board London, 1905-06 , 558.) 
From saliva. Probably Micrococcus can- 
didus Cohn. 

Staphylococcus ureae candidus Lund- 
strom. (Fcstschr. d. path.-anat. Inst, 
z. Andcnken a. d. 250 jiilirige Bestehen d. 
finnland. Univ. Helsingfors, 1890; abst. 
in Cent. f. Bakt., 9, 1891, 672.) From 
urine. Probably Micrococcus ureae 
Cohn. 

Staphylococcus ureae non pyogenes 
Barlow. (Arch. f. Dcrmat. u. Syph-, 
1893; Abst. in Cent. f. Bakt., /4, 1893, 
456.) From cases of cystitis. 

Urococcus doicdeswelli Miquel. (Ann. 
de Micrographie, 5, 1893, 209.) Fer¬ 
ments urea. 

C^rococcus ran tieghemi Miquel (^oc. 
ciL, 161). Ferments urea. 
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Genus II. Gaffkya Trcvisan.* 

(Trevisan, Atti d. Accad. Fisio-Mcdico-Stntistira in Milano, ricr. 4, 3, 18S5, 106; 
Tetracoccus Klecki, Cent. f. Hakt., lo, 1804, 361); nut Ttiracoccus Orla-Jcnscn, The 
Lactic Acid Bacteria, Mem. Acad. Sci. Danemark, Sec. Sci., 8 ser, 5, 1019, 154; I'ctra- 
diplococcus Bartoszowicz and Scliwarzwasser, Cent. f. Bakl., II Abt., 21, 1908, G14.) 
Named for Prof. Georg Gaffky, 1S50-191S, Berlin. 

Occur in the animal body and in special media as tetrads, wliile in ordinary culture 
media they occur in pairs and irregular masses. Aerol)ic to anaerobic. Gram-posi¬ 
tive. Parasitic organisms. 

The type species is Gaffkya ietragena (Gaffky) Trcvisjui. 


I. Facultative aerobe. 


II. Strict anaerobe. 


Key lo the species of genus Gaffkya. 


1. Gaffkya Ietragena. 


2. Gaffkya anaerobia. 


1. Gaffkya tetragena (Gaffky) Trcvi¬ 
san. {Micrococcus tetragenus Gaffky, 
Arch. f. Cliirurg., 28, Heft 3, 1883, 500; 
Trcvisan, Atti d. Accad. Fisio- Medico- 
Statistica in Milano, Ser. 4, 3, 1885, 106; 
Micrqcoccus tetragenus sepiicus Boutron, 
Thesis, Paris, 1893; Abst. in Cent. f. 
Bakt., 16, 1894, 971; il/icrococcws letra- 
genus alhus Boutron, ibul.; Merista sep- 
tica Hueppe, Principles of Bacteriology 
(Eng. trans.), 1899, 170; Sarcina septica 
Hueppe, ibid.; Sarcina tetragena Migula, 
Syst. d. Bakt., 2, 1900, 225; Merista 
tetragena Vuillemin, Ann. Mycologie, 
Berlin, 11, 1913, 625; Staphylococcus 
tetragenus Holland, Jour. Bact., 6, 1920, 
224; Tetracoccus septietts Neveu-Lemaire, 
Precis Parasitol. Hum., 5th ed., 1921, 
18; Pediococcus tetragenus Pribram, Klas- 
sifikation der Schizomyceten, 1933, 46.) 
From Greek, tetra (tetara), four; M. L.- 
genes, producing. 

Spheres: 0.6 to 0.8 micron in size, with 
pseudocapsulc (in body fluids) surround¬ 
ing four of the elements showing typical 
tetrads. G ram -posi t i ve. 


Gelatin colonies: Small, 1 to 2 mm. in 
diameter, wliite convex. 

Gelatin stab: Thick, white surface 
growth. No li(iuofaction. 

Agar colonies: Circular, white, smooth, 
glistening,entire. Reimann (Jour. Bact., 
31, 1936, 385) has described eleven 
colony form variants for this species. 

Agar slant: Wlutc, moist, glistening. 

Broth: Clear, with gray viscous sedi¬ 
ment. 

Litmus milk: Slightly acid. 

Potato: White, viscid. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Ammonium salts not utilized. 

.Acid from glucose, lactose and 
glycerol. 

No ILS formed. 

Aerobic, facultative. 

Pathogenic for mice and guinea pigs; 
rabbits less susceptible. 

Optimum temperature 37®C. 

Source: Isolated from sputum in* 
tuberculosis; also from air and skin. 

Habitat: Mucous membrane of respira¬ 
tory tract. 


• Uevised by Prof. G. J. Huckcr, N. Y. State Experiment Station, Geneva, New 
York March, 1943. 
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2. Gaffkya anaerobia (Chouk6vitch) 
Prevot. {Teiracoccus anaerobius Chou- 
kevitch, Ann. Inst. Past., 25y 1911, 349; 
.l//crococcns tetrogcncs anaerobius Hamm, 
Die puorperale Wunilinfcktion, Berlin, 
1912; Prevot, .\nn. Sci. Xat., Ser. Bot., 
15, 1933,203.) From Greek, nn, without; 
aer, air; bios, life. 

Spheres: About 1.0 to 1.5 microns, 
occurring in tetrads, sometimes in groups 
of eight. Gram-positive. 

Gelatiii: No liquefaction. 

Deep agar colonies: After 24 to 48 
liours, small, grayish, 2 to 3 mm. in diam¬ 
eter. .\bundant production of gas which 
l)reaks up the agar. 

Broth: Poor growth. Slight sediment. 
Milk: Unchanged. 

Coagulated proteins not digested. 
Optimum temperature 37®C. No 
growth at 22®C. 

Non-pathogenie for guinea-pigs or 
rabbits. 

Strict anaerobe. 

Distinctive characters: Prefers acid 
media. 

Source: Isolated from the female gen¬ 
ital tract; isolated from the large in¬ 
testine of a horse. 

Habitat: Probably widely distributed 
in natural cavities of man and animals. 

Appendix: The following species have 
been placed in the genus Gaffkya or in 
the genus Telracoccus. 

Gaffkya archeri Trevisan. (A black 
micrococcus, Archer, Quart. Jour. Mi¬ 
croscop. Sci., 1874, 321; Trevisan, I 
generi e le specie delle Batteriacce, Milan, 
1889, 27.) 

Gaffkya grandis DeToni and Trevisan. 
(Microcoque des reins et des ulc6res 
syphilitiques de la peau. Babes, in Cornil 
and Babes, Les Bact6r., 2nd ed., 1886, 
782; DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8,1889,1042.) 

Gaffkya mendozae DeToni and Trev¬ 


isan. {Micrococcus lelragenus and Mi¬ 
crococcus tetragenus jnobilis venlricuh 
Mendoza, Cent. f. Bakt., 6, 1889 , 567, 
DeToni and Trevisan, in Saccardo, Syl- 
logc Fungorum, 8, 1889,1043; Flanococcus 
tetragenus Migula, Syst. d. Bakt., 2, 1900, 
269; Micrococcus mendozae Chester, Man. 
Determ. Bact., 1901, 84; Sarcina tclra- 
gena Winslow and Rogers, Jour. Inf. Dis., 
3 , 1906, 545; Planoynerisla ' vcntriculi 
Vuillemin, .\nn. Mycolog., Berlin, 11, 
1913, 525.) Motile. Isolated from the 
contents of the stomach. Hucker (N. 
Y. State Exp. Sta. Tech. Bull. No. 102, 

1924, 21) regards this as a synonym of 
Gaffkya telragena Trevisan. 

Gaffkya tardissima (Altana) Bcrgey 
ct al. {Tetragenus tardissirnus Altana, 
Cent. f. Bakt., I Abt., Orig., 4S, 1909, 
42; Bergey et al., Manual, 2nd ed., 1925, 
59.) From a natural infection of guinea 
pigs. See Manual, 5th ed., 1930,269 for a 

description of this species. 

Gaffkya verneti Corbet. (Organism 
No. 21, Denier and Vernet, La Caout¬ 
chouc, 17, 1920, 10491; Corbet, Quart. 
Jour. Rubber Research Inst., Malaya, 2, 
1930, 143.) From the late.x of the Para 
rubber tree {Ilevea brasiliensis). I'or a 
description of this species, see Manual, 
5th ed., 1939, 269. 

Tctracoccus carneus halophilus Horo- 
witz-Wlassowa. (Cent. f. Bakt., H Abt., 
85, 1932, 16.) Isolated from salted in¬ 
testines (Wiener skins). 

Tctracoccus casci Orla-Jensen. (The 
Lactic Acid Bacteria, 1919, SO.) From 
cheese. Probably identical with Micro¬ 
coccus freudenreickii Guiilebeau. 

Tctracoccus mas/ftidis Orla-Jensen (foe. 
cil., 81). From milk of a woman with 
mastitis. Orla-Jensen thinks this is 
identical with the staphylococcus that 
causes mastitis in cows, i.e.. Micrococcus 
pyogenes var. aureus Zopf. 

Tctracoccus mycodermatus Orla-Jensen 
Roc. cit., 81). From Camembert cheese. 
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Genus III. Sarcina Goodsir.* 

(Goodsir, Edinborough Med. and Surg. Jour., 1842, 430; Lactosarcina Bcijcrinck, 
Arch. n6crl. d. sei. exact., Ser. 2, 13, 1908, 359; Urosarcina Miquel, .Ann. Microg., 1, 
1888, 517; Planosarcina Migula, Arb. Bakt. Inst. Karlsruhe, 1, 1894, 23G; Pscudosar- 
cina Lohnis, Ilandb. d. landwirtsch. Bakt., 1910, 449 (Pseudo-sarcina, Maze, Compt. 
rend. Acad. Sci. Paris, 137, 1903, 887); Sporosarcina Orla-Jensen, Cent. f. Bakt., 11 
Abt., 22, 1909, 340; Paulosarcina Enderlcin, Sitzber. Gesell. Naturf., Berlin, 1917, 
319; P/iaceh'»m Enderlcin, i6td.,319; Zymosarc/na Smit, Die Giirungssarcinen. PHan- 
zenforschung. Heft 14, 1930, 26; Butyrisarcina Kluyvcrand Van Niel, Cent. f. Bakt., 
II Abt., 94 , 193G, 400; Methanosarcina Kluyver and Van Niel, ibid.) From Latin 
sarcina, packet, bundle. 

Division occurs, under favorable conditions, in three planes, producing regular 
packets. Usually Gram-positive. Growth on agar abundant, usually with foTmation 
of yellow or orange pigment. Glucose broth slightly acid, lactose broth generally 
neutral. Gelatin frequently liquefied. Nitrites may or may not be produced from 
nitrates. Saprophytes and facultative parasites. 

The type species is Sarcina venlriculi Goodsir. 


Key to the species of genus Sarcina. 


I. Microaerophilic to anaerobic. 

A. No growth without sugars. Do not produce methane. Sub-genus Zyrno- 

sarcina Smit (Die Giirungssarcinen. PHanzenforschung, Heft 14, 1930, 26). 

1. Cellulose reaction positive. Slow coagulation in litmus milk. 

1. Sarcina venlriculi. 

2. Cellulose reaction negative. Litmus milk not coagulated. 

2. Sarcina maxima. 

B. Does not utilize sugars. Produces methane. Sub-genxis Methanosarcina 

Kluyver and van Niel (Cent. f. Bakt., II Abt., 94, 1936, 400). 

3. Sarcina melhanica. 

II. Aerobic. 

A. No endosporcs present. Sub-genus Sarcinococcus subgen. nov. 

1. Not halophilic. 

a. Non-motile. 

b. Yellow pigment produced. Nitrites not produced from nitrates. 

c. Milk alkaline; coagulated. 

4. Sarcina Intea. 


cc. Milk alkaline; not coagulated. 

5. Sarcina jiava. 

bb. Orange pigment produced. Nitrites produced from nitrates. 

6 . Sarcina aurantiaca. 


aa. Motile. 

7. Sarcina ciirea, 

2 . Halophilic red chromogen. 

8 . Sarcina litloralis. 

B. Endosporcs present. Motile. Sub-genus Sporosarcina Orla-Jensen (Cent. f. 
Bakt., II \hi.,22, 1909 , 340). 

9. Sarcina ureae. 


* Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
Now York, March, 1043. 
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1. Sarcina ventriculi Goocisir. (Good- 
sir, Edinborough Med. and Surg. Jour., 
57, 1842, 430; Merismopedia goodsirii 
Husemann, De anim. ct veget., IS—, 
13; Meris7nopedia ventriculi Robin, His- 
toire des veget. parasites, 1853, 331; 
Anaerobic sarcina, Beijerinek, Proc. of 
Section of Sciences, Kon. Akad. v. We- 
tensch., Amsterdam, 7, 1905, 580; 

Zymosarcina ventriculi Smit, Die Gar- 
ungssarcinen. Pflanzcnforschiing, Jena, 
Heft 14, 1930, 26; Zarema be.ijcrincki 
Prevot, Ann. Sci. Kat., Ser. Bot., 15, 
1933, 205.) From Latin, vcnlriculus, 
the stomach. 

Description taken in part from Smit 
{loc. cit.). 

Large spheres: 3.5 to 4.0 microns, 
occurring in packets of 8, 16, 32 or more 
elements. Non-motilc. Gram-positive. 
Cellulose reaction positive. 

Growth occurs only in sugar media, 
containing peptones. 

Gelatin: No liquefaction. 

Deep glucose agar colonies: Multi- 
lenticular, surrounded by a cloudy zone. 
Abundant gas. 

Glucose agar slant: Round, wlutish 
colonies, several millimeters in diameter. 

Glucose broth: Abundant, flaky 
growth. Abundant gas. Acid. No 
turbidity. 

Plain peptone water: No growth. 
Sugar peptone water: Abundant 
growth. Gas. Indole not formed. 

Milk: Slow growth. Acid and co¬ 
agulation. 

Coagulated proteins not attacked. 
Acid and gas from glucose, fructose, 
sucrose, maltose, lactose and galactose. 
No acid from xylose, arabinose, raffinose, 
mannitol, dulcitol, Siilicin, starch, glyc¬ 
erin and inulin. 

Neutral red broth changed to fluores¬ 
cent yellow. 

Utilizes peptones, wort and yeast 
water as sources of nitrogen. Cannot 
utilize amino acids or inorganic nitrogen. 

Principal products of metabolism are 
carbon dioxide and ethyl alcohol. 


Nitrites not produced from nitrates. 

Non-pathogcnic. 

Optimum pH 1.5 to 5.0. Limits of 
pH 0.9 to 9.8. 

Temperature relations: Optimum 30®C. 
Maximum 45®C. Minimum 10°C. Killed 
in ten minutes at 65®C. 

Microaerophilic to anaerobic. 

Source: Isolated from a diseased 
stomach. 

Habitat: Garden soil, dust, sand, mud; 
the stomach. 


2. Sarcina maxima Lindner. (Lind¬ 
ner, Die Sarcina-Organismen der Oar- 
ungsgewerbe. Inaug. Diss., Berlin, 1888, 
54; Also abstract in Cent. f. Bakt., 
4, 1888, 427; Zymosarcina maxima Smit, 
Die Giirungssarcinen. Pflanzenforsch- 
ung, Heft 14, 1930, 22; Butyrisarcina 
maxima Kluyver and van Nicl, Cent, f- 
Bakt.. II .\bt., H, 1936. 400.) From 
Latin maxima, largest. 

Description from Weinberg, Nativcllc 
and Prevot, Les Microbes Ana^robies, 
1937, 1030 and from Smit, loc. cit. 

Large spheres: 4.0 to 4.5 microns, oc¬ 
curring in regular packets of 8, 16 , 32 or 
more elements. Non-motile. Gram- 
positive. 

Growth occurs only in sugar media, 
containing peptones. 

Gelatin: No liquefaction. 

Deep glucose agar colonies: MuUi- 
lenticular. Abundant gas produced- 

Glucose agar slant: Round, whitis 
colonics. 

Glucose broth: Abundant growth, 
flaky, gaseous, marked acidification. Dis¬ 
agreeable butyric odor. No turbidity- 

Sugar peptone water: Abundant 
growth, flaky, gaseous, followed by acic - 
ification. 

Milk: Not co;xgulated. 

Coagulated proteins not attacked. 


Cellulose reaction negative. 

Acid and gas from glucose, fructose, 
galactose, maltose, sucrose and lactose. 

Neutral red broth changed to fluores 
cent yellow. 
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Utilizes peptones, yeast water or broth 
as source of nitrogen. Cannot utilize 
amino acids or inorganic nitrogen. 

Principal products of metabolism are 
carbon dioxide, butyric and acetic acids. 
Non-pathogenic. 

Limits of pH 1.0 to 9.5. 

Temperature relations : Optimum 30®C. 
Maximum 40®C. Minimum 15®C. Killed 
in twenty minutes at o5®C. 
Microaerophilic to anaerobic. 

Source: Isolated from fermenting malt 
mash. 

Habitat: Acidified flour pastes, wheat 
bran; seldom in soils. Also intestinal 
contents of guinea pigs (Crccelius and 
Rettgcr, Jour. Bact., 46, 1943, 10). 

3. Sarcina methanica (Smit) ^\ein- 
berg et al. (Methaansarcine, Sdhngen, 
Inaug. Diss., Delft, 1906, 104; Zymosar- 
cina melhanica Smit, Die Giirungssar- 
cinen. Pflanzenforschung, Heft 14,1930, 
25; il/e//ianosarcina methanica Kluyvcr 
and Van Niel, Cent. f. Bakt., II Abt., 94, 
1936, 400; Barker, Arch. f. Mikrobiol., 
r, 1936, 420; Weinberg, Nativcllc and 
Pr6vot, Les Microbes Anaerobics, 1937, 
1032.) From M. L. methanum, meth¬ 
ane; M. L. methanicus, related to 
methane. 

Description from Weinberg, Nativelle 
and Pr6vot (/oc. cit.) and Smit (loc. cit.). 

Spheres: 2.0 to 2.5 microns, occurring 
in packets of 8 or more cocci. Non-mo- 
tile. Gram-variable. 

Growth in solutions of calcium acetate 
and possibly butyrate and inorganic am¬ 
monium salts. Carbon dioxide is needed 
for growth. 

In acetatc-agar (with addition of some 
HiS and NaHCO,): Colonics of 50 to 100 
microns are formed, showing gas forma¬ 
tion. 

Cultural characters as yet unknown. 

Peptones not attacked. 

Cellulose reaction negative. 

Utilizes ammonium salts as source of 
nitrogen. No organic nitrogen com¬ 
pounds utilized. 


Carbohydrates not fermented. Ethyl 
alcohol is not fermented. 

Principal products from the metab¬ 
olism of calcium acetate and butyrate 
are methane, carbon dioxide and calcium 
carbonate. 

Xon-pathogenic. 

Optimum temperature 35® to 37®C. 
Strict anaerobe. Killed by a short 
contact with the air. 

Distinctive cliaractcrs: Utilizes am¬ 
monium s.alts and acyclic acids producing 
methane and carbonic acid. 

Source: Sediment in methane fer¬ 
mentation (Weinberg et al.). Isolated 
from mud (Smit). 

Habitat: Swamp waters and mud; 
fermenting sewage sludge. 

4. Sarcina lutea Schrocter. (Kryp- 
tog. Flora v. Schlcsien, 3, 1, 1886, 154; 
also .sec Klein, Microorganisms and Dis¬ 
ease, 1885, 43; Eisenberg, Bakt. Diag., 
1 Aufl., Taf. 2, 1886; Flugge, Die Mikro- 
organismen, 2 .\ufl., 1886,179; Frankland 
and Frankland, Phil. Trans. London, 
178, B, 1888, 265.) From Latin luteus, 
yellow. 

Spheres: 1.0 to 1.5 microns, showing 
packets in all media. Gram-positive. 

Gelatin colonics: Gircular up to 5 mm. 
in dbmetcr, sulfur-yellow, .sinking into 
the medium. 

Gelatin stab: Slow infundibuliform 
liquefaction. 

.\gar colonies: Yellow, coarsely granu¬ 
lar, circular, raised, moist, glistening, 
entire margin. 

Agar slant: Sulfur to chrome yellow, 
smooth, soft. 

Broth: Clear with abundant yellow 
sediment. 

Litmus milk: Coagulated, becoming 
alkaline. 

Potato: Sulfur to chrome yellow, 
raised; sometimes limited growth. 

Slight indole formation. 

Nitrites generally produced from ni¬ 
trates. 



288 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


No acid from glucose, lactose or su¬ 
crose. 

Hydrogen sulfide is formed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Air, soil and water, akin 
surfaces. 

5. Sarcina flava De Bary. (Vorlesun- 
gen iiber Bakterien, 1887, 151; 5arcina 
liquefaciens Frankland and Frankland, 
Philos. Trans. Roy. Soc. London, 178, B, 
1888, 267.) From Latin, Jlaviis, yellow. 

Spheres: 1.0 to 2.0 microns, occurring 
in packets of 16 to 32 cells. Gram-posi¬ 
tive. 

Gelatin colonies: Small, circular, yel¬ 
lowish. 

Gelatin stab: Slowly liquefied. 

Agar slant: Yellow streak. 

Broth: Slowly becoming turbid with 
whitish, later yellowish sediment. 

Litmus milk: Alkaline, not coagulated. 
Potato: Yellow streak. 

Indole not produced. 

Nitrites not produced from nitrates. 
Aerobic. 

Optimum temperature 30° to 35°C. 
Habitat: Air, water, soil. 

6 . Sarcina aurantlaca Fliigge. (Die 
Mikroorganismen, 1886,180; For descrip¬ 
tion see Frankland and Frankland, Phil. 
Trans. Roy. Soc. London, 178, B, 1888, 
266; Paulosarcina aurantiaca Enderlein, 
Sitzungsber. Ges. Naturf. Freunde, Ber¬ 
lin, 1917,319.) FromM. L., aurantiacwa, 
orange-colored. 

Spheres developing packets in all 
media. Gram-positive. 

Gelatin colonies: Small, circular, dark 
yellow, entire margin, sinking into the 
medium. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar slant: Slightly raised, orange 
yellow to orange red, soft, smooth. 

Broth: Flocculent turbidity, with 
abundant sediment. 

litmus milk: Coagulation and di¬ 
gestion. 


Potato: Raised, yellow’-orange, glisten¬ 
ing to dull, granular. 

Slight indole formation. 

Nitrites not produced from nitrates. 
No HjS produced. 

Aerobic. 

Optimum temperature 30°C. 

Habitat: Air and water. 

7. Sarcina citrea (MiguIa)Bergeyetal. 
{Micrococcus agilis citreus Menge, Cent, 
f. Bakt., 12, 1892, 52; Planococcus citreus 
Migula, Arb. bakt. Inst. Karlsruhe, 1, 
Heft I, 1894, 236; i/icrococcus agilis- 
cilreus Chester, Man. of Bact., 1901, 
115; Bergey et al., Manual, 1st ed., 1923, 
74.) From M. L. citreus, lemon-yellow. 

Spheres: 0.6 to 0.8 micron, occurring 
singly, in pairs and in packets. Motile, 
possessing a single flagellum. Gram¬ 
positive. 

Gelatin colonies; Small, circular, yel¬ 
lowish, entire, becoming citron-yellow 
to orange. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, yellow', convex, 
entire, smooth, glistening. 

Agar slant: Abundant, yellow, plumose, 
glistening, taking on an orange color with 
age. 

Broth: Turbid, 

Potato: Abundant, yellow growth. 
Indole not formed. 

Nitrites not produced from nitrates. 
Aerobic. 

Optimum temperature 25°C. 

Habitat: Air. 

8 . Sarcina llttoralis Poulsen. (Poul- 
sen, Vidensk. Meddel. naturh. Foren. i 
Copenhagen, 1879-80, 231-254; *Sarcinfl 
morrhuae Farlow, U. S. Fish Commis 
sion Report for 1878, 1880 , 974, ^ icro 
coccus a, H0ye, Bergens Museums 
Aarbog., No. 7, 2 Hefte, 1901, 39; Micro¬ 
coccus liioralis Kellerman, Cent, f ■ Ba' -t 
II Abt., 41S, 1915, 399.) From Latin, 

litus (Utlus) -tons, the sea shore; 

relating to. . 

The relationships of the following 
each other and to iSarcina littoralis are 

not clear: 
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Erythroconis litoralis Oersted, (Na- 
turh. Tidsskrift, 3, 1840-41, 555; Meris- 
mopedia litoralis Rabenhorst, Flora 
Europ. Algarura, 2, 1864-65, 57; Sarcina 
litloralis Winter in Rabenhorst, Krypto> 
garaen-FIora, J, I Abt., 1884, 50; Pcdio- 
coccus litoralis Trevisan, I gcneri e le 
specie delle Batteriacee, Milano, 1889, 
28; Lampropedia litloralis De Toni and 
Trevisan, in Saccardo, Sjdloge Fungoriim, 
3, 1889, 1049.) 

Coniolhecium bcrlherandi Mcgnin. 
{Revue Mycologique, 3, 1884, 197.) Sac¬ 
cardo and Berlese (Atti. del R. Institute 
Veneto, Ser. VI, Vol. 3) consider C. 
beriherandi to be identical with Sarcina 
liiioralis, while Zopf (Die Spaltpilzc, 2 
Aufl., 1884, 73; 3 Aufl., 1885, 102) 
considers C. beriherandi a stage oiBeg- 
giatoa roseo-persicina. 

Description taken from Lochhead (Can. 
Jour. Res., 10, 1934, 280). 

Spheres: 1.2 to 1.6 microns occurring 
singly, in pairs, in fours, in short chains, 
and in packets, the arrangement varying 
with medium, temperature, salt concen¬ 
tration and age of culture. Non-motile. 
Gram stain variable, with rather more 
positive than negative cells. 

No growth in ordinary media. 

Salt gelatin; Growth slow, with no 
liquefaction. 

Starch media (20 per cent salt): Colo¬ 
nics usually 1 to 3 mm, round, entire, 
convex, with a waxy appearance, brick 
red with a pale border, color appearing 
gradually. 

Starch media slants (20 per cent salt): 
Filiform, slightly raised, entire edge. 
Coral red in color. Slight decrease in 
shade as cultures age. 

Liquid media: No growth. 

Potato: In 20 per cent salt, scanty 
growth. Slight clialky pink develop¬ 
ment near the top. 

Indole not formed. 

Nitrates reduced to nitrites. 

Diastatic action negative. 

Aerobic, obligate. 

Halophilic, obligate, 16-32 per cent 
salt. Optimum 20-24 per cent. 


Optimum temperature 37®C. 

Source: Isolated from seashore mud 
near Copenhagen. 

Habitat: Sea water brine, or sea salt. 
Isolated from salted hides and salted 
fish. 

The following is believed by Keller- 
man (foe. cit.) to be a variety of Sarcina 
litloralis: 

Diplococcus gadidarum Beckwith. 
(Beckwith, Cent. f. Bakt., I Abt., Orig., 
60, 1911, 351; Micrococcus litoralis gadi- 
darum Kellerman, Cent. f. Bakt., II 
Abt., 4^, 1915, 400; Pediococcus gadida¬ 
rum Pribram, Klassification der Schizo- 
myceten, 1933, 46.) From reddened 
salted codfish. 

9. Sarcina ureae (Beijerinck) Lohnis. 
{Planosarcina ureae Beijerinck, Cent. f. 
Bakt., II Abt., 7,1901,52; Lohnis, Land- 
wirtsch. baktoriol. Prakticum, 1911, 138; 
Sporosarcina ureae Kluyver and van 
Niel, Cent. f. Bakt., 11 Abt., 94, 1936, 
401.) From Greek, urum, urine; M. L., 
urea, urea. 

Probable synonym: «Sarn'na psychro- 
carlerica (Rubentschick) Bergey et al. 
(Urosarcina psyckrocarlerica Rubent¬ 
schick, Cent. f. Bakt., II Abt., 64, 1925, 
168; ibid., 66, 1926, 161; ibid., 67, 1926, 
167; ibid., 68, 1926. 327; Bergey et al., 
Manual, 3rd ed., 1930, 95.) 

Spheres; 0.7 to 1.2 microns, occurring 
singly, in pairs and in packets. Atypical 
endospores present. Motile, possessing 
long pcritrichous flagella. Gram¬ 
positive. 

Gelatin colonies: Small, circular, flat, 
tough, yellowish. 

Converts urea into ammonium car¬ 
bonate. 

Aerobic. 

Optimum temperature 20®C. Resists 
beating to 80®C for 10 minutes. 

Source: Isolated from urine. 

Appendix: The following names appear 
in the literature, and arc listed here 
chiefly for their historical interest. 
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Many are inadequately described, and 
probably many arc synonyms. 

icrococcus aurantiacus Pagliani, Mag- 
giora and Fralini. (Pagliani ct al., 
Pcdiucoccus aurantiacus Trevisan, I 
generi c le specie delle Batteriacee, 
Milan, 1SS9,2S; Mcrismoi>edia aurantiaca 
Maggioria, Cdorn. Soc. ital. d’lgicnc, II, 
1SS9, 35o; Pcdiucoccus ma(j(jiorae De Toni 
and Trevisan, in Saccardo, Sylloge Fun- 
gorum, 8 , 1SS9, 1051.) From skin of the 
human foot. 

Planosarcifia samesii Migula. (Fine 
bewegliclic Sarcinc, Sames, Cent. f. 
Bakt., II Abt., 4, 189S, 664; Migula, 
Syst. d. Bakt., 2, 1900, V and 278; -Sar- 
cina agilis Matzuschita, Zeit. f. Hyg-t 55, 
1900,496.) From liquid manure. Prob¬ 
ably idcTitical with Sarcina ureae 
Ixihnis. 

Sarcina addificans Migula. (Sarcina 
No. VIII, Adamctz, Landwirtsch. Jahrb., 
18, 1889, 243; Migula, Syst. d. Bakt., 2, 
1900, 258.) From cheese. Winslow and 
Winslow (The Systematic Relationships 
of the Coccaccae, 1908, 235) regard this 
species as a variant of *Sarcina luiea 
Schrocter. 

5arcina agilis Saito. (Jour. Coll. 
Science Imp. Univ. Tokyo, 23, 1908, 
68 ; abst. in Cent. f. Bakt., II Abt., 24, 
1909,228.) Fromdust. 

Sarcina alba Zimmermann. (Weisse 
Sarcina, Maschek, Bakt. Untcrsuch. d. 
Leitmeritzer Trinkwiisser, 1887, 64; Zim¬ 
mermann, Die Baktericn unserer Trink- 
u. Nutzwasser, Chemnitz, I Reihc, 1890, 
90.) From water. Zimmermann re¬ 
ported the presence of spores; subsequent 
workers failed to observe spores, even 
when working with original cultures. 

Sarcina alba var. tncana Appel. (Ber. 
d. landw. Inst. Konigsberg, Heft 5, 1900, 
89; quoted from Lohnis, Cent. f. Bakt., 
Il’ Abt., 18, 1907, 146.) Frequently 
found in milk. Closely related to Ada- 
raetz’s Sarcinae Nos. VII, VIII and IX. 

Sarcina albida Gruber. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 3, 1895, 256.) 
From the stomach contents of a man with 
stomach cancer. 


Sarcina alutacea Gruber {loc. cit.f 
221). From leaven. 

Sarcina aurea Mace. (Trait5 Pra¬ 
tique de Bact., 2nd ed., 1892, 371; not 
Sarcina aurea Henrici, see below.) From 
lung exudate. Possesses active oscillary 
motility, but no flagella. 

•Sarcina aurea Henrici. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 91; 
Sarcina aurescens Gruber, ibid., Heft 3, 
1895, 263.) From Swiss cheese. Wins¬ 
low and Winslow (loc. cit., 233) regard 
this species as a variant of iSarcina flava 
De Bary which has acquired certain 

fermentative powers. 

Sarcina aurescens var. mucosa Jaiser; 
quoted from Pribram, Klassifikation der 
Scliizomyccten, 1933, 44. 

Sarcina bicolor Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1897, 505.) 
From the stomach of a woodpecker (Picus 
major). Winslow and Winslow (loc. cit., 
232) regard this species as identical with 
•Sarcina Jlava De Bary. 

•Sarcina butyrica Migula. (Sarcina No. 
XI, .\dametz, Landwirtsch. Jahrb., 18, 
1889. 244; Migula, Syst. d. Bakt., 2, 1900, 
240.) From cheese. Winslow and Wins¬ 
low (loc. cit., 233) regard this as a variant 
of Sarcina Jlava De Bary which has ac¬ 
quired certain fermentative powers. 

Narcina Candida Lindner. (Die Sar- 
cina-Organismen der Gahrungsgewerbe, 

Inaug. Diss., Berlin, 1888 , 43; Abst. in 
Cent. f. Bakt., 4, 1888 , 427.) From 
water reservoir of a brewery and from 
air in the vicinity of the brewery. 

•Sarcina canescens Stubenrath. (Stu- 
benrath, in Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896, 143.) Stu¬ 
benrath considered this a subspecies or 
variety of his 5arcma cqui from which it 
differed only by its constant gray color 
on all culture media. Winslo'v an 
Winslow (loc. cit., 232) regard this as 
identical with <Sarcina Jlava De Bary- 
Sarcina carnea Gruber. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 3, 1895, 278.) 
From leaven. 

•Sarcina casei Migula. (Sarcina No. 
VII, Adametz, Landwirtsch. Jahrb., 18, 



FAMILY MICROCOCCACEAE 


291 


1889, 242; Migula, Syst. d. Bakt., 2, 1900, 
239.) From cheese. Winslow and Wins¬ 
low {loc. czL, 233) regard this species as a 
variant of Sarcina jlava Do Bary which 
has acquired certain fermentative 
powers. 

Sarcina cascolytica Stark and Scheib. 
{Jour. Dairy Sci., 19, 1936, 212.) From 
butter. 

Sarcina cervina Stubeiirath. (Stuben- 
rath, in Lehmann and Neumann, Bakt. 
Diag., 1 Aua., 2, 1896, 146.) From the 
stomach in a case of carcinoma. 

5arcma citrea Winslow and Winslow. 
(The Systematic Relationships of the 
Coccacceae, 1908, 234; not Sarcina citrea 
Bergey et al., Manual, 1st ed., 1923, 74.) 
This is the name given by Winslow and 
Winslow to their Type 2, the nitrate- 
reducing group of Sarcina. 

Sarcina cilrina Gruber. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 3, 1895, 260.) 
From leaven. Winslow and Winslow 
(ioc. ciL, 235) regard this species as 
identical with .Sarcina lulea Schrocter. 

5arcino conjunctivae Bergey et al. 
(5arcina ci7rea conjunctivae Verdcramc, 

Cent. f. Bakt., I Abt., Orig., 69, 1911, 
384; Bergey et al., Manual, Ist ed., 1923, 
71.) From the conjunctiva. Gram¬ 
negative. 

Sarcina devorans Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1897, 502.) 
From stomach contents of a sparrow 
(Passer montanus). 

Sarcina equi Stubenrath. (Stuben- 
rath, in Lehmann and Neumann, Bakt. 
Diog., 1 Aufl., 2, 1896, 143.) Found 
frequently in the urine of horses. Very 
similar fo .Sarcina lutea according to 
Stubenrath, who names three subspecies 
or varieties: Sarcina livido-luiescens, S. 
caneacena and S. variabilis. Winslow 
and Winslow {toe. cit., 232) regard this 
species as identical with Sarcina Jlava 
De Bary. 

Sarcina erylhromyxa (Overbcck) Krill. 
(Micrococcus erythromyxa Overbeck, 
Nova Acta der Lcop.-Carol, 66 , No. 7, 
1891; Kr4l, Verzeichnis der abzugebenden 
Bak.) For a description of this species, 


see Zimmermann, Die Baktcricn unscrer 
Trink- und Nutzwiisscr, Chemnitz, II, 
1804, 70. From water. Produces a red 
pigment. 

Sarcina fimentaria Lehmann und Neu¬ 
mann. (Line beweglicije Sarcinc, Sames, 
Cent. f. Bakt., II Abt., 4, 1898, CC4; 
Lehmann and Neumann, Bakt. Diag., 2 
.Vufl., 2, 1899, 140; Planosarcina samesii 
Migula, Syst. d. Bakt., 2 , 1900, \ and 
278; Sarcina sameaii Matzuschita, Bakt. 
Diag., Jena, 1902, 300.) From liciuid 
manure. Exhibits active motility with 
many long flagella. Pribram (Klassifika- 
tion der Schizomycctcn, 1933, 45) re¬ 
gards this organism as identical with 
Sarcina urcae and Sarcina nwbiiis. 

Sarcina JIavcsccns Hcnrici. (.‘\rb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
91.) From Swiss cheese. Winslow and 
Winslow {loc. ciL, 232) regard this species 
as identical w ith Sarcina Jlava De Bary. 

Sarcina Julva Stubenrath. (Das 
Genus Sarcina, Mimchcn, 1897; see 
Lehmann and Neumann, Bakt. Diag., 2 
Aufl., 2, 1899, 143.) Isolated many 
limes from stomach contents and once 
from preputial smegma. Similar to Sar¬ 
cina pulmonuni. 

5arcina Jusca Gruber. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 3, 1895, 282.) 
From flour. 

Sarcina Jusccsccns De Bary. (Vorle- 
sungen fiber Baktcricn, 2 Aufl., 1887, 181 
and Botan. Centralb., 1887, 34. Re¬ 
duced to a synonym of Sarcina vcntriculi 
Goodsir by Migula, Syst. d. Bakt., 2, 
1900 , 259.) From the contents of the 

stomach. 

Sarcina gasojormans Gruber. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 3, 1895, 
270.) From leaven. Young cultures 
produce considerable gas. 

*8arcino gignntca Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1897, 508.) 
From stomach contents of the starling 
{Sturnua vulgaris). The diameter of a 
cell is 2.05 to 2.1 microns. W'inslow and 
Winslow iloc.cil.,2Z2) regard this species 
as identical with iSarcina//ai-a De Bary. 

5arcina gigantea Potter. (Proc. Kon. 
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Akad. Wet. Amsterdam, 34, 1931, 1417; 
Thesis, Utrecht, 1932; Compt. rend. 
Acad. Sci., Paris, 196, 1933, 300.) From 
salted herring. Halophilic. 

Sarcina hamaguchiae Saito. (Cent, 
f. Bakt., II Abt.. 17, 1906, 155.) From 
soy bean mash. 

5arcma incana Gruber {loc. cit., 248). 
From leaven. 

Sarcina incarnala Gruber. {Loc. cit., 
279; Rhodococcus incarnatus Winslow 
and Rogers, Jour. Inf. Dis., 3, 1906, 
545.) From leaven. Produces pink pig¬ 
ment. 

Sarcina intermedia Gruber (Loc. cit., 
277). From leaven. Winslow and 
Winslow (loc. cit., 235) regard this 
species as identical with Sarcina lutea 
Schroeter. 

jSarcina inUslinalis Zopf. (Die Spalt- 
pilze, 3 Aufl., 1885, 55.) From the in¬ 
testines of poultry. 

Sarcina lactea Gruber. (Loc. cit., 254; 
not Sarcina lactea Bergey et al., Manual, 
1st cd., 1923, 73.) From leaven. 

*Sarcma lactis Chester. (No. 45, Conn, 
Storrs Agr. Exp. Sta. Kept., 1894, 79; 
Chester, Man. Determ. Bact., 1901, 111.) 
From fermented milk (raatzoon). Wins¬ 
low and Winslow (loc. cit., 232) regard 
this species as identical with jSorema 
fiava De Bary. 

Sarcina lactis acidi Conn, Esten and 
Stocking. (Storrs Agr. Exp. Sta. Ann. 
Rept., 1907, 125.) From milk. 

jSarcina lactis albus Conn, Esten and 
Stocking (loc. cit., 124). From milk. 

Sarcina lactis aurantiaca Conn, Esten 
and Stocking (loc. cil., 125). From 
milk. 

jSarcina lactis lutea Conn, Esten and 
Stocking {loc. cit., 124). From milk. 

5arcino lemhkei Migula. (No. 24, 
Lembke, Arch. f. Hyg., S6, 1896, 316; 
Migula, Syst. d. Bakt., 2, 1900, 241.) 
From the intestine. Winslow and Wins¬ 
low {loc. cit., 232) regard this species as 
identical with iSarcina ^at>a De Bary. 

Sarcina liquefaciens Frankland and 
Frankland. (Phil. Trans. Royal Soc. 


London, 178, B, 1888, 267.) From dust. 
Also found in cheese by Hcnrici (.Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
95). Winslow and Winslow (loc. cil., 
232) regard this species as identical with 
Sarema flava De Bary. 

iSarcina livida Gruber (loc. cit., 297). 
From leaven. Winslow and Winslow 
(loc. cit., 235) regard this species as 
identical with Sarcina lutea Schroeter. 

Sarcina livido-lutescens Stubenrath. 
(Stubenrath, in Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896, 143 ;5arnna 
luiescens Chester, Man. Determ. Bact., 
1901,112.) From stools in a case of enter¬ 
itis. Stubenrath regards this as a sub¬ 
species or variety of ids Sarcina equi. 

Sarcina loewenbergii Mace. (Une 
sarcine pathogene, Loewenberg, .Ann. 
Inst. Past., 13, 1899, 358; Mac6, Trait6 
Pratique de Bact., 4th cd., 1901, 464.) 
From the nasal cavity in a case of ozena. 
Probably a st rongly sUmc-forming variety 
of (Sarcina Iclragena, according to Leh¬ 
mann and Neumann, Bakt. Diag., 5 
Aufl., 3,1912,206. Also see Galli-Valerio, 
Cent.f. Bakt., I .Abt., Orig., 4 ?', 1908,177, 
for discussion. 

Sarcina luteola Gruber {loc. cU., 205). 
From leaven. W’inslow and Winslow 
(loc. cil., 235) regard this species as 
identical with Sarcina lutea Schroeter. 

Sarcina marginata Gruber {loc. cil., 
268). From leaven. Wdnslow and W ins- 
low (loc. cil., 235) regard this as identical 
with Sarcina lutea Schroeter. 

Sarema melijlava Gruber {loc. cit., 
272). From flour. Winslow and W’ins¬ 
low (loc. cil., 235) consider this identical 

with Sarcina lutea Schroeter.' 

Sarcina minuta De Bary. (Vorlesung- 
en uber Bakterien, 1 Aufl., 1885; Eng. 
trans., 2nd ed., 1887, 117 and 185.) 

(Sarcina mira6ilis Kern. (Arb. ba't. 
Inst. Karlsruhe, 1, Heft 4, 1897, 506.) 

From intestine of the yellow-hammer 
{Emberiza citrinella) and a dove (Co- 
lumba oenas). W'inslow and Winslo^ 
(loc. cit., 232) consider this species identi¬ 
cal with iSarcino ^avo De Bary. 
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Sarcina mobilis Maurea. (Cent. f. 
Bakt,, Ilf 1892,228; Planosarcina mobilis 
Migula, Arb. bakt. Inst. Karlsruhe, 1, 
1894, 236; ^ticrococcits mobilis Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, 353.) 
From old ascitic fluid. Motile, each cell 
with two short flagella. 

Sarcina mucosa Sauerbeck. (Cent, 
f. Bakt., I Abt., Orig., 60, 1909 , 289.) 
From pulmonary sputum. Probably a 
slime-forming variety of 5arcina tetra- 
gena, according to Lehmann and Neu¬ 
mann, Bakt. Diag., 5 Aufl., 2, 1912, 206. 

Sarcina nivea Henrici. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894 , 88.) 
From cheese. 

Sarcina olens Ilcnrici (loc. cil., 94). 
From Camembert cheese. Winslow and 
Winslow (loc. cil., 232) regard this spe¬ 
cies as identical with jSarema /lava Dc 
Bary. 

Sarcina orangea Cahanesco. (Ann. 
Inst. Past., 15, 1901, 856.) From vagina 
of a dog. 

Sarcina paludosa Schroeter. (Schroc- 
ter,in Cohn, Kryptog. Flora v. Schlcsicn, 
S, I, 1886, 153.) From the waste water 
of a sugar factory. Not cultivated. 

Sarcina persicina Gruber (loc. cil., 
281). From leaven. 

Sarcina pseudogonorrhoeae Lelimann 
and Neumann. (Eine neue Sarcina, Na¬ 
gano, Cent. f. Bakt., I Abt., Orig., 32, 
1902, 327; Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., «, 1907, 212; Sarcina naga- 
noi Mac6, Traitfi Pratique dc Bact., 6th 
ed., 1, 1912, 631.) From pus. 

Sorcino pulchra Ilcnrici (loc. cil., 89). 
From cheese. 

5arc£no pulmonum Hauser. (Lungen- 
sarcino, Virchow, Arch. f. path. Anat., 
9, 1858, 657; Hauser, Deutsch. Arch. f. 
klin. Medizin, J^2, 1887, 127; Sarcina 
virchowii Trevisan, Atti dell’ Accad. 
Fisio-Medico-Statistica di Milano, Scr. 
IV, S, 1885,119.) From the sputum of a 
patient with phthisis. Motile (Leh¬ 
mann and Neumann, Bakt. Di^*» 2 
Aufl., «, 1899, 141). Hauser says this 
sarcina forma endogenous spores which 
may be demonstrated by Neisser’a 


method of staining, and which have great 
resistance to heat. When cultivated in 
urine, it causes ammoniacal fermentation 
of the urea. Regarded by Jan Smit 
(personal communication, 1939) as identi¬ 
cal with iSarema ureae. 

Sarcina radiata Kern (loc. cil., 53). 
From stomach and intestines of the rock 
dove (Columha livia) and a sparrow 
(Passer 7nontanus). Winslow and Wins¬ 
low (loc. cil., 232) regard this as identical 
witli Sarcina /lava De Bary. 

5arcma rosacea Migula. (Sarcina ro¬ 
sea (Schrocter) Lindner, Inaug. Diss., 
Berlin, 1888, 45; Migula, Syst. d. Bakt., 
2, 1900, 263.) Found frequently in dust 
and water. Lindner believed his culture 
to be Sarcina rosea Schroeter. 

Sarcina rubra Migula. (Einc rotlic 
Sarcine, Mcngc, Cent. f. Bakt., 6 , 1889, 
596; Migula, Syst. d. Bakt., 2, 1900, 
261.) From red milk. 

Sarcina schaudinni (Wolff) Pribram. 
(Planosarcina schaudinni Wolff, Cent, 
f. Bakt., 11 Abt., 18, 1907, 9; Pribram, 
Klassifikation der Schizomyccten, 1933, 
45.) From rotten places on potatoes. 
A motile coccus with long flagella. 

Sarcina solani Rcinke and Bertliold. 
(Die Zersetzung der Kartoffel durch 
Pilze, Berlin, 1879; sec O. Appel in Lafar, 
Handbuch der Technischen Mykologie, 
2, 1905-08, 350.) Found in wet rotting 

of potatoes. 

Sarcina slriata Gruber (loc. cil., 271). 
From flour. Winslow and Winslow (loc. 
cil., 235) regard this species as identical 
with Sarcina Intea Scliroctcr. 

Sarcina sub/lava Ravencl. (Memoirs 
Nat. Acad. Sci., 8 , 1896, 10.) From soil. 

Sarcina sulfurea Hcnrici (loc. cit., 
90). From cheese. Winslow and Wins¬ 
low (loc. cit., 235) consider this species 
identical with Sarcina lutea Schroeter. 

Sarcina superba Ilcnrici (loc. cit., 93). 
From cheese. Winslow and Winslow 
(loc. cit., 232) regard this species as 
identical with Sarcina /lava Do Bary. 

Saremo symbiotica Pribram. (Eine 
gelbo Sarcina, Gropenflesscr, Cent. f. 
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Bakt.. II Abt., 67. 1925, 495; Pribmm, 
Klassifikation der Scliizornycoten. 1933, 
45.) Lives symbioticully with cock¬ 
roaches. 

Sarcina thcrmuduriai aines.s and 
Parfitt. (Jour. Bact., 40. 1910, 157.) 
From milking machines and other dairy 
farm utensils. Resists pasteurization 
temj)cratures. 

Sardna thermophila Bargagli-Petrucci. 
(Nuov. Giorn. Bot. Ital., 20. 1913; Abst. 
in Cent. f. Bakt., II .\bt., 43, 1915, 294.) 
From the borax-yielding waters of Tus¬ 
cany. Grows at temperatures up to 
75"C. 

5arcma »r?naeWelcker. (Sardnarenis 
Hepworth, Microscop. Jour., 5, 1857, 1; 
Welcker, in Henlc and PfelTer, Ztschr. f. 
rat. Med., 3 Ser.. 5, 1859. 190; Mensmo- 
pedia \irinae Rabenhorst, Flor. curop. 
algarum, 2, 1805, 59.) Observed in the 
bladder. See below, Sardnn icelckcri. 

iSarci’na variabilis Stubenrath. (Stu- 
benrath, in Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 3,1896,143.) From 
gastric contents. May be considered a 
subspecies of Sarciria cqui Stubenrath. 
Winslow and Winslow {loc. ctl., 232) re¬ 


gard this as identical with Sarcina Jlava 
De Bary. 

Sardna variegata Pansini. (Arch. f. 
path. Anat., 122, 1890, 459.) Found 
in sputum from cases of intluenza. 

Sardna velutina Gruber {loc. dt., 
275). From leaven. Winslow and Wins¬ 
low {loc. dt., 235) consider this species 
identical with 5arcina lulea Schroeter. 

Sarcina vcrmicularis Gruber {loc. cit., 
253). From wheat flour. 

Sardna vermijormis Gruber {loc. cil., 
266). From leaven. Winslow and Wins¬ 
low {loc. dt., 235) consider this species 
identical with Sarcina hdea Schroeter. 

Sardna viridis Jlavescens Rosenthal. 
(Inaug. Diss., Erlangen, 1893; Abst. in 
Cent. f. Bakt., 16, 1894, 1024.) From 
the oral cavity. 

Sardna wclckeri Rossmann. (Ross- 
man, Ueber Urinsarcina. Flora. 40, 1^5/. 
641; Merismopedia welckeri Rabenhorst, 
Flora curopaea, Alg. 11,1865, 58.) From 

the urinary bladder. 

Vrnsardna dimorpha Beijerinck. 

(Cent. f. Bakt., II Abt., 7. 1901, 53.) 

Reported to form spores. Non-motile. 
From garden earth. 
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FAMILY VI. NEISSLRIAC’LAK PUE\'OT.* 

(Ann. Sci. Nat., Ser. Hot.. 15, 1033, 110.) 

Cells spherical, in pairs or in masses. Xon-motilc. Oram-ncjiativc. Pi-ment 
formation rare. The family containsaerobicaml anaerobic species. Snme ^row poorly 
or not at all without mammalian body nui<.ls. Optimum temperature 37 C . All 
known species are parasitic. 

Key to the genera of family Neisseriaceae. 

I. Occurring in pairs, with adjacent sides usually llattened. Aerobes, faculta¬ 
tive anaerobes and anaerobes. Approximately 1 micron in diameter. 

Genus I. Kcisscria, p. 295. 

II, Occurring in masses, rarely in pairs. Anaerobes. Less than .5 micron in 

diameter. ^ ^ 

Genus II. Veillonclla, p. 302. 

Genus I. Neisseria Trevisan. 

(Trevisan, Atti della Accademia Fisio-Mcdico-Statistica in Milano, Ser. 4 3, 1S85, 
105; Gonococcus Lindau (?), Just’s Hot. Jahresber., I Abt., Ong., 20 1808, lOOA 

Named for Dr. Albert Neisser who discovered the organism causing gonorrhoea in 1S7J. 

Paired, Gram-negative cocci with adjacent sides llattened. Four of the eleven 
species produce yellow pigment. Aerobic and anaerobic species occur. roM i on 
standard media may be poor. Hiochcmical activities arc limited. lew carbohy¬ 
drates are utilized. Indole is not produced. Nitrates arc not reduced. Catalase is 
produced abundantly. Parasites of mammals so far as known. 

The type species is Neisseria (/onorr/iocac Trevisan. 

Key to the species of genus Neisseria. 

I. Aerobes, facultative anaerobes. . . 

A. Grow best on special culture media or on plain agar containing blood blood 

serum or similar enrichment fluids, especially with added glucose 

Grow best at 35® to 37®C; no growth below 25 or above 40 C. Not 

1. Acid from glucose, not from maltose. Growth anaerobically. 

1. Neisseria gonorrhocae. 

2. Acid from glucose and maltose. No growth anaerobically. 

2. Neisseria rnentngitidis. 

B. Grow well on ordinary culture media. Grow well at 22®C. 

1. Non-chromogcnic. . , 

a. Moist colonics on agar. No action on glucose, snerose or mannitol. 

3. Neisseria catarrhalis. 

aa. Dry crumbly colonics on agar. .4cid from glucose and sucrose; 
but not from mannitol. 

4. Neisseria sicca. 


* Revised by Prof. E. G. D. Murray, McGill University, P Q-. Canada 

in consultation with Dr. Sara E. Branham, United Slates Public Health Service, 
Washington, D. C., June, 1938; further revision, August, 10-13. Descriptions of 
anaerobic species reviewed by Dr. Ivan C. Hall, New York City, January, 1944. 
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2. Chromogenesis best seen on Loffler’s serum, 
a. Acid from fructose, 
b. Acid from sucrose. 

5. Neisseria perflava. 

bb. No acid from sucrose. 


aa. No acid from fructose. 



b. Acid from glucose, 
bb. No acid from glucose. 


7. 

8. 


II. Anaerobes. 

A. Gas produced from peptone broth. 

9. 

B. No gas produced. 

1. Odor of rancid butter. 


Neisseria flava. 


Neisseria stibfiava. 
Neisseria Jlavescens. 


Neisseria discoides. 


2. No rancid odor. 


10. Neisseria reniformis. 


11. Neisseria orbiculala. 


1. Neisseria gonorrhoeae Trcvisan. 
(Micrococcus dor Gonorrhoe, Neisser, 
Vorl. Mitteil., Cent. f. Medicinische 
Wissenschaft, 17, 1879, 497; Trevisan, 
Atti della Accadeinia Fisio-Medico-Sta- 
tistica in Milano, Ser. 4, 5, 1885, 105.) 
From Greek, gonorrhoea, flux of semen; 
M.L. genitive of gonorrhoea. 

Synonyms; Gonococcus, Diplococcus 
der Gonorrhoe, Bumm, Der Mikroorgan- 
ismen dergonorrhoischen Schleimhauter- 
krankung, Weisbaden, 1885,16; Merismo- 
pedia gonorrhoeae Zopf, Die Spaltpilze, 
1885,54; Micrococcus gonorrhoeae Fliigge, 
Die Mikroorganismen, 1886, 156; Micro¬ 
coccus gonococcus Schroeter, in Cohn, 
Kryptog. Flora v. Schlesien, 3, I, 1886, 
147; Diplococcus gonorrhoeae Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., S, 
1896, 150; Micrococcus gonorrhoeae Leh¬ 
mann and Neumann, ibid., 4 Aufl., 2, 
1907, 212. 

Spheres: 0.6 to 1.0 micron, occurring 
singly and in pairs, the sides flattened 
where they are in contact. Gram- 
negative. 

Grows only on media with the addition 
of body fluids (blood, ascites, etc.), or 
other specially prepared media. 

Colonies are small, transparent, even¬ 


tually (2 to 4 days) developing a lobate 
margin, grayish-white with a pearly opal¬ 
escence by transmitted light. Larger 
colonies on special media. 

Acid from glucose. No acid from 
maltose, fructose, sucrose and mannitol. 

Optimum temperature 37'’C. No 
growth below 25® or above 40®C. 

Aerobic to facultative anaerobic. 
Many strains develop more readily with 
increased CO* tension. 

Common name: Gonococcus. 

Source: Originally found in purulent 
venereal discharges. Also found m 
blood, conjunctiva, joints and cerebro¬ 
spinal fluid. 

Habitat: The cause of gonorrhoea and 
other infections of man. Not found m 
other animals. 

2. Neisseria meningitidis (Albrecht 
and Ghon) Holland. {Diplokokkus intra¬ 
cell ularis jneningit idis Wei chselbauni, 
Fortschr.d.Mcd.,5,1887,583; Neisseria 
weichselbaumii Trevisan, I generi c le 
specie delle Batteriacee, 1889, 32; not 

Diplococcus intracellularis Jaeger, 
f. Hyg., 19, 1895, 353; not Tetracoccus 
intracellularis Jaeger, ibid., 368; not 
Streptococcus intracellularis Lehmann 
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and Neumann, Bakt. Diag., 1 Aufl., 2, 
1896, 132; Micrococcus intracellularis 
Migula, Syst. d Bakt., 2, 1900, 189; 
Micrococcus meningococcus cerebrospi- 
nalis Albrecht and Ghon, Wiener klin. 
Wochnschr., U, 1901, 988; not 5(rep(o- 
coccus weichselbaujnii Chester, Man. 
Determ. Bact., 1901, 64; not Meningo¬ 
coccus intracellularis Jaeger, Cent. f. 
Bakt., I Abt., Grig., 33, 1903, 23; Micro¬ 
coccus meningitidis Albrecht and Ghon, 
Cent. f. Bakt., I Abt., Orig., 33, 1903, 
498; Diplococcus intracellularis Weichsel- 
baum, Cent. f. Bakt., I Abt., Orig., S3, 
1903, 511; Micrococcus intracellularis 
meningitidis de Bettencourt and Frantja, 
Ztschr. f. Hyg., 46, 1904,464; Diplococcus 
jneningitidis, ibid., 495; Holland, Jour. 
Bact., 5, 1920, 224; Neisseria intracel- 
lularis-yneningitidis Holland, ibid., 224; 
Neisseria intracellularis Holland, ibid., 
224; see also Elser and Huntoon, Jour. 
Med. Res., 20 fN. S. 15), 1909 , 371 and 
Murray, Med. Res. Council, London, 
Special Report Series No. 124, 1929 for 
detailed studies of the group.) From 
Greek, meninx, weninflfes, a membrane, a 
membrane covering the brain; M. L. 
genitive of meningitis, an inflammation 
of the meninges. 

The binomial. Neisseria intracellularis, 
used in previous editions of the Manual 
has proved confusing because the names 
Micrococcus intracellularis, Diplococcus 
intracellularis and Streptococcus intra- 
cellularis, have been used loosely for 
unrelated organisms. Neisseria weichsel - 
baumii has been so rarely and loosely 
used that any attempt to introduce it 
now is inadvisable despite rights of 
priority. The equally available name, 
Neisseria meningitidis, has therefore 
been adopted to avoid further confusion. 
It has the obvious advantage of associ¬ 
ation with the common name, meningo¬ 
coccus, which has been so frequently used 
in the literature. 

In 1898, Councilman, Mallory and 
Wright (Epidemic Cerebrospinal Menin¬ 
gitis and its Relation to Other Forms of 


Meningitis, Boston, 1898) definitely 
established the Gram-negative coccus as 
the cause of epidemic meningitis and 
clarified the confusion created because 
Jaeger regarded the coccus that he 
isolated (see Diplococcus crassus von 
Lingelshcim) as identical with Neisseria 
meningitidis. 

Spheres: 0.6 to 0.8 micron in diameter, 
occasionally larger, occurring .singly, in 
pairs with adjacent sides flattened, or 
occasionally in tetrads. Gram-negative. 

Good growth is obtained on media con¬ 
taining blood, lilood s(?rum and other 
enrichment iluids witli added glucose. 
Best growth on special media. 

Blood agar plates are generally em¬ 
ployed to isolate the organism. The 
colonies are small, slightly convex, trans¬ 
parent, glistening, (’olonies large on 
special media. 

Older cultures may sliow growth on 
neutral agar or glucose agar, properly 
prepared. Frequent transplantation is 
necessary to keep the organism alive in 
recently isolated strains; older strains 
survive for one month or longer at 37 C 
and for years on special media. 

.\cid from glucose and maltose. No 
acid from fructose, sucrose and mannitol. 

Nitrites not produced from nitrates 
(Branham). 

Optimum temperature 37®C. No 
growth at 22* or at 40*C. 

Aerobic, no growth anaerobically. 

Common name; Meningococcus. 

Source: Originally found in cerebro¬ 
spinal fluid. Also found in nasopharynx, 
blood, conjunctiva, pus from joints, 
petechiae in skin, etc. 

Habitat: Nasopharynx of man, not 
found in other animals. Cause of epi¬ 
demic cerebrospinal fever (meningitis). 

Four main varieties or types of Neis¬ 
seria meningitidis have been differen¬ 
tiated by Gordon and Murray (Jour. 
Roy. Army Med. Corps, 25 (2), 1915, 
423) and by others on the basis of agglu¬ 
tination reactions with immune serums. 
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3. Neisseria catarrhalis (Frosch and 
Kolle) Holland. {Micrococcus catarrh¬ 
alis Frosch and Kolle, in Fliiggc, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 154; 
Diplococcus pharyngis commxinis von 
Lingelsheim, Klin. Jahrb., 15, 1006, 408; 
Holland, Jour. Bact., 5, 1920, 224.) 
From Greek, catarrh, a running down. 

Spheres: 0.6 to 0.8 micron in diameter, 
occurring singly or in pairs with adjacent 
sides llattened, occasionally in fours. 
Gram-negative. 

Agar colonies; Small, circular, grayish 
white to dirty white, with crose margins. 

Broth; Turbid, often with slight pel¬ 
licle. 

No acid from any of the carbohydrates. 
Optimum temperature 37®C. Grows 
well at 22°C. 

Aerobic, facultative. 

Source: Nasopharynx, saliva and res¬ 
piratory tract. 

Habitat; Human mucous membrane of 
the respiratory tract. Often associated 
with other organisms in inflammations of 
the mucous membrane. 

Note: Toplcy and Wilson (Prin. of 
Bact., 1931, 349) state that Neisseria 
pharyngis cinerea {Micrococcus pharyngis 
cinereus von Lingelsheim, Klin. Jahrb., 
15, 1906, 373) resembles Neisseria catar¬ 
rhalis so closely that it should probably be 
regarded as a variety of this species. 

4. Neisseria sicca (von Lingelsheim) 
Bergey et al. {Diplococcus pharyngis 
siccus von Lingelsheim, Klin. Jahrb., 15, 
1906,409; Diplococcus siccus von Lingels¬ 
heim, Ztschr. f. Hyg., 69, 1908, 476; 
Micrococcus pharyngis siccus Kutscher, 
in Kolle and Wassermann, Handb. d. 
Path. Mikroorganismen, 2 Aufl., 4> 1012, 
603; Micrococcus pharyngis-siccus Hol¬ 
land, Jour, of Bact., 5, 1920, 224; A'eis- 
seria pharyngis-sicci (sic) Holland, ibid.; 
Bergey et al., Manual, 1st ed., 1923, 43.) 
From Latin, sicca, dry. 

Spheres: 0.6 to 0.8 micron in diameter, 
occurring singly and in pairs with ad¬ 
jacent sides flattened. Gram-negative. 


Blood agar colonies; Grayish, somewhat 
dry, crumbling when an effort is made to 
remove them. 

.\scitic agar colonies: Small, very firm 
and adherent to medium, becoming cor¬ 
rugated on the surface. 

The organisms precipitate spontaneous¬ 
ly when suspended in normal salt solu¬ 
tion. 

Acid from glucose, fructose, maltose 
and sucrose. No acid from mannitol. 

Optimum temperature 37“C. Grows 
at 22=C. 

.\erobic, facultative. 

Source: Nasopharynx, saliva and spu¬ 
tum. 

Habitat: Mucous membrane of the 
respiratory tract of man. 

0 . Neisseria perflava Bergey et al. 
(Chromogcnic group I, Elscr and Hun- 
toon, Jour. Med. Res., 20 (N.B. 15), 1909, 
415; Bergey et al., Manual, 1st cd., 1923, 
43.) From Latin per, very and Jlavus, 
yellow. 

Spheres: 0.6 to 0.8 micron, occurring 
singly and in pairs with adjacent sides 
flattened. Gram-negative. 

Glucose agar colonies; Small, circular, 
slightly raised,greenish-gray by reflected 
light, and greenish-yellow and semi- 
opaque by transmitted light. The sur¬ 
face is smooth, glistening. The growth 
is adherent to the medium. Chromo- 
genesis best seen on Loffler’s blood serum 
medium. 

Ascitic agar colonics: Like those on 
glucose agar. 

Acid from glucose, maltose, fructose, 

sucrose and mannitol. 

Optimum temperature 37°C. Gro^s 

at22°C. 

Aerobic, facultative. 

Source; Nasopharymx, saliva and spu¬ 
tum. 

Habitat: Mucous membrane of respira¬ 
tory tract of man. 

6 . Neisseria flava Bergey et al. (^*P' 
lococcus pharyngis flavus I and possi y 
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Diplococcus phar)jngis jlavus II, von 
Lingelsheim, Kliii. Jahrb., lo, 1906, 409; 
Diplococcus Jlavus I and possibly Diplo¬ 
coccus Jlavus II, V. Lingelsheim, Zeitschr. 
f. Hyg., 59, 1908, 476; Micrococcus 
pharyngis Jlavus I ami possibly Micro¬ 
coccus pkaryngis Jlavus II, Lehmann and 
Neumann, Bakt. Diag., 7 Autl., 2, 1027, 
259; Chroraogenic group II, Elsor and 
Huntoon, Jour. Med. Res., 20 (N. S. 15), 
1909, 415; Bergey et aL, Manual, 1st ed., 
1923, 43.) From Latin Jlavus, yellow. 

Spheres: 0.5 to 0.8 micron, occurring 
singly and in pairs with adjacent sides 
flattened. Gram-negative. 

Glucose agar colonies : Small, circular, 
slightly raised,greenish-gray by reflected 
light and greenish-yellow by transmitted 
light. . Growth not adherent to medium. 
Surface colony is smooth with numerous, 
rather coarse crumbs in center. Margin 
entire, or rarely slightly irregular. 
Chromogencsis best seen on Ldfllcr’s 
blood serum medium. 

Ascitic agar colonics: Like those on 
glucose agar. 

Acid from glucose, fructose and 
maltose. No acid from sucrose or man¬ 
nitol. 

Optimum temperature 37®C. Grows 
at22®C. 

Source: Nasopharynx, cerebro-spinal 
fluid in cases of meningitis (very rare). 

Habitat: Mucous membrane of respira¬ 
tory tract. 

7. Neisseria subflava Bergey et al. 
(Chromogenic group III, Elscr and 
Huntoon, Jour. Med. Research, 20 (N.S. 
15), 1909, 415; Bergey et al., Manual, 1st 
ed., 1923, 44.) From Latin sub, less and 
Jlavus, yellow. 

Spheres: 0.6 to 0.8 micron, occurring 
singly and in pairs with adjacent sides 
flattened. Gram-negative. 

Glucose agar colonies; Small, slightly 
raised, pale greenish-yellow, especially 
on primary culture. 

Acid from glucose and maltose. No 
acid from fructose, sucrose or mannitol. 


.Viglutinatcs iii normal rabbit serum. 
Oj)timum temperature Little 

or no growth at 22 C. 

Aerobic, facultative. 

Easily confused with Xcisscriu men- 
ingilidis. 

Source: Nasopharynx. 

Habitat: Mucous membrane of the 
respiratory tract of man. 

8 . Neisseria flavescens Branliam. 
(U. S. Public Health Service, Pub. 
Health Repts., 45, 1930 , 845.) From 
Latin Jlavesccus, becoming yellow. 

Biscuit-shaped cocci occurring in flat¬ 
tened pairs. Giant forms common. 
Grain-negative. 

Glucose agar: Poor growth. 

Blood agar: Good growth, colonics less 
moist than those of the meningococcus. 
Golden yellow pigment. Grecnisii-yel- 
low on Lofllcr’s blood serum medium. 
Semisolid agar: Good growth. 

No acid from any of the carbohydrates. 
Optimum temperature 37‘’C. 

Aerobic, facultative. 

Serologically homogeneous grou|). 
Source: Cerebro-spinal fluid in cases 

of meningitis. 

Habitat: Probably mucous membrane 
of respiratory tract of man. 


Note: Wilson and Smith (Jour. Path, 
and Bact., 31, 1928, 597) do not regard 
differences in sugar fermentations, 
chromogenesis, appearance of colonies, 
etc. suflicicntly constant to warrant the 
separation of the species Aeisscria catar- 
rhalis, N. Jlava, N. cmerea, N. tnucosa 
and N. sicca. They recommend that all 
be grouped under a single species known 
as Neisseria pharyngis {Diplococcus 


pharyngis). 


9 Neisseria dlscoldes Pr6vot. (Ann. 
Sci’ Nat., S6r. Bot., 15, 1933, 106.) 
From Greek, discoeides, discus shaped; 
Ijitinadj., disk-shaped. 

Spheres: 0.6 to 0.7 micron, occurring 
in pairs or tetrads. Gram-negative. 
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Gelatin: No luiucfaction. 

Deep agar colonics: Lenticular, up U) 

1 mm in diameter. Grows in a narrow 
disk about 1 cm below the surface. Gas 
produced. 

Broth: Turbid. Fine granular precipi¬ 
tate. Slight rancid odor and inflam¬ 
mable, explosive gas produced. 

Peptone water: Gas produced. 

Indole not formed. 

No action on milk. 

Coagulated proteins not digested. 
Carbohydrates not attacked. 

Hydrogen sulfide not produced. 
Neutral red glucose broth: Becomes 
pink, but no further change. 

Optimum pll 7.0 to 8.0. 

Temperature relations: Optimum 37®C. 
No growth at 28°C. Killed in half an 
hour at C0“C. 

Non-pathogcnic. 

Strict anaerobe. 

Distinctive characters: Colonies grow 
in narrow zone 1 cm below the surface 
of an agar stab; gas produced from pep¬ 
tones. 

Source:Isolated from bronchial mucus, 
respiratory system; dental and tonsillary 
focal infections. 

Habitat: Buccal cavity (human) and 
probably also in other warm-blooded 
animals. 

10. Neisseria renlformis (Cottet) Pr6- 
vot. {Diplococcus reniformi$ Ottet, 
Compt. rend. Soc. Biol., 62, 1900, 421; 
Micrococais renifonnis Oliver and Wher¬ 
ry, Jour. Inf. Dis., 28, 1921, 341; Pr6vot, 
Ann. Sci. Nat., S6r. Bot., 15, 1933, 102.) 
From Latin, ren (renes), kidney;-/ormfs, 
form, i.e. kidney-shaped. 

Sphere3.:0.8 tol .0 micron,bean-shaped, 
occurring in pairs. Gram-negative. 
Gelatin: No liquefaction. 

Deep agar colonies: Appear in 24 to 48 
hours; at first punctiform, then lenti¬ 
cular; small, 0.3 to 0.5 mm. No gas 
produced. 

Agar slant: Minute, bluish-white, dew- 
drop colonies. 


Broth: Turbid in 24 hours; flocculent 
precipitate rapidly formed, clearing the 
medium. No gas produced, but a rancid 
mlor is present. 

Peptone water: Very meagre growth. 
Traces of indole. 

Milk: Unchanged. 

Ck>agulated proteins not digested. 

Slight amount of acid from glucose by 
one strain only. 

Optimum pH 7.0. Limits of pH 6-9 
to 8.0. 

Temperature relations: Optimum 37°C . 
No growth at 22“C. Killed in half an 
hour at 60®C. or in an hour at 56®C. 

Pathogenic. 

Strict anaerobe. 

Distinctive clmracter: Odor of rancid 
butter. 

Source: Isolated in several cases from 
suppurations of the urino-genital system. 

Habitat; Presumably in bodies of 
warm-blooded animals. 

11. Neisseria orbiculata Pr6vot. 
lococciis orbicultts Tissicr, Ann. Inst. 
Past., 22, 1908, 204; Pr6vot, Ann. Sci. 
Nat., S6r. Bot., 16, 1933, 109.) From 
Latin, orbiculatus, having the form of 
an orb or sphere. 

Spheres: 1.5 to 2.0 microns, occurring 
in pairs. Gram-negative. 

Gelatin: No growth at 22“C. 

Deep agar colonics: After 36 to 48 hours, 
large, lenticular, very regular, whitish, 
almost transparent. Gas not produced. 

Broth: Turbid. Sediment. 

Milk: No coagulation. 

Egg white not attacked. 

Proteoses attacked without formation 

of indole. 

Acid from glucose. Acid produced 
feebly from lactose. No acid from su- 
crose. 

Temperature relations: Optimum 37 t. 

No growth at 22'>C. Killed at 60°C. 

Non-pathogenic. 

Strict anaerobe. 

Distinctive characters: Large size; n® 
gas production. 
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Source: Isolated from feces of young 
children. 

Habitat: Intestinal canal. Not com¬ 
mon. 

Appendix I: Additional species have 
been placed in this genus as given below. 
Some are undoubtedly identical with 
previously described species, while some 
may belong in other genera. 

Diplococcxis crassus von Lingclsheim. 
{Diplococcus inlracellularis Jaeger, 
Ztsch. f. liyg., 19, 1893, 353; Teiracoccus 
intracdlularis, ibid., 318; von Lingels- 
heim, Ztschr. f. Hyg., 59, 1908, 467; 
Micrococcus crassus Lehmann and Neu¬ 
mann, Bakt. Diag., 7 Aufl., 2, 1927, 
259.) Commonly found in nasopharyn¬ 
geal secretions, also in the cerebrospinal 
fluid of suspected cases of meningitis. 
Also known as Jaeger’s coccus or as 
Jaegersher Modifikation der Meningo¬ 
coccus. 

Diplococcus mucosus von Lingelsheim. 
(von Lingelsheim, Klin. Jahrb., 75,1906, 
373, and Ztschr. f. Hyg., 59, 1908, 457; 
Neisseria mucosa Murray, in Manual, 5th 
ed., 1939, 283; not Streptococcus mucosus 
Howard and Perkins, Jour. Med. lies., 
6 , (N .S. J), 1901, 174; not Pneumococcus 
mucosus Park and Williams, Jour. Exp. 
Med., 7, 1905, 411.) From nasal secre¬ 
tions. This Gram-negative coccus is said 
to show similarity to the meningococcus 
and to be like the diplococcus found by 
Weichsclbaum and Ghon (Weiner Klin. 
Wchnschr., No. 24, 1905) in nasal secre¬ 
tions of a healthy person. Clearly it is 
different from the Gram-positive, mu¬ 
coid type of pneumococcus which is de¬ 
scribed by Binaghi (Cent. f. Bakt., I 
Abt., 22, 1897,273), Howard and Perkins 
(Jour. Med. Res., 6, 1901, 174), Park and 
Williams (Jour. Exp. Med., 7, 1905, 411) 
and others. 

il/icrococcus pharyngis cinereus von 
Lingelsheim. (Klin. Jahrb., 15, 1906, 
373; Micrococcus cinereus v. Lingclsheim, 
Ztschr. f. Hyg., S9, 1908, 456; Neisseria 
einerea Murray, in Manual, 5th ed., 1939, 


283.) From raucous membrane of nose 
and throat. 

Neisseria arthritica (Costa) Hauduroy 
ct al. {Micrococcus arthritica Costa, 
Comp. rend. Soc. Biol., Paris, 85, 1920, 
933; Hauduroy, Ehringcr, Urbain, Guil- 
lot and Magrou, Dictionnairc des Bac- 
t6ries Pathogenes, Paris, 1937, 296.) 
Isolated from a case of human arthritis. 

Neisseria edigtoni (sic) Trevisan. 
(Diplococcus scarlalinac sorujuinis Jamie¬ 
son and Edington, Brit. Med. Jour., /, 
1887, 1265; Trevisan, I generi c le specie 
delle Batteriacce, 18S9, 32.) From a 
scarlet fever patient. 

Neisseria fulva Dc Bord. (Jour. Bact., 
38, 1939, 119; Iowa State Coll. Jour. Sci., 
16, 1942, 471.) From conjunctivitis 

and vaginitis. 

Neisseria gibborisi Hauduroy ct ul. 
(Gram-negative coccus, Gibbons, Jour. 
Inf. Dis., Jt5, 1929, 289; Hauduroy ct al., 
Diet. d. Bact. Path., 1937, 300.) Iso¬ 
lated from skin abscesses in rabbits and 
guinea pigs. 

Neisseria giganica Dc Bord. (Jour. 
Bact., S8, 1930, 119; Iowa State Coll. 
Jour. Sci., 16, 1942,472.) From a normal 
vagina. 

Neisseria luciharuni Brown. (Amer. 
Mus. Novit., No. 251,1927. 3.) A motile. 
Gram-negative diplococcus that prob¬ 
ably should be placed in the genus Mi¬ 
crococcus. From a dead fly, Lucilia 
sericala killed by Bacillus lutzae. 

Neisseria pseudocalarrhalis Huntoon. 

(Jour. Bact., 27, 1934, 108.) Like Neis¬ 
seria calarrhalis, shows no action on 
carbohydrates but is culturally more like 
Neisseria meningitidis and forms homo¬ 
geneous suspensions in a salt solution. 

From nasopharynx. 

Neisseria rebcllis Trevisan. (Micro¬ 
coccus in Trachoma folliculare, Kuchark- 
sky, 1887; Trevisan, I generi e le specie 
delle Batteriacce, Milan, 1889, 32.) 
From trachoma. 

Neisseria venezuelensis Hauduroy et 
al. (Uiguez, Gaceta Med. de Caracas, 
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June 30, 1935; Pedro del Corral, Rev. de 
Med. y Cir. de la Clinica Macacay, April, 
1935; Hauduroy et al., Diet. d. Bact. 


Path., 1937, 308.) Found in localized 
epidemics of cerebrospinal meningitis 
in Venezuela. 


Genus II. Veillonella Prevot.* 

(Ann. Sci. Nat., Ser. Bot., 15, 1933, 118.) Named for A. Veiilon, the French 

bacteriologist, who isolated the type species. 

Small, Gram-negative cocci averaging 0.3 micron. Occur in masses, rarely in pairs 
or short chains. Cells undifTcrentiated. United by an interstitial substance o 
ectoplasmic nature. The known species are anaerobic. Good growth on standar 
culture media. Biochemical activity jJronounced. Harmless parasites in mouth an 
intestine of man and animals. 

The type species is Veillonella parvula (Veiilon and Zuber) Pr6vot. 


Key to the species of genus Veillonella. 


I. Acid and gas from glucose. Weakly hemolytic. 

1. Veillonella parvula. 

II. Carbohydrates not attacked. Gas produced from peptone broth, 
hemolytic. 


2. Veillonella gazogenes. 


Non* 


1. Veillonella parvula (Veiilon and 
Zuber) Prevot. {Staphylococcus parvu- 
lus Veiilon and Zuber, .Vreh. mdd. Exp., 
1898 , 542; Micrococcus parvulus Bergey 
et al., Manual, 3rd ed., 1930, 92; Pr6vot, 
Aim. Sci. Nat., S^r. Bot., 16, 1933. 119.) 
From Latin, parvulus, very small. 

Description from Pr(5vot {loc. cit.). 

Very small spheres: 0.2 to 0.4 micron, 
occurring in masses, occasionally in very 
short chains. Gram-negative. 

Gelatin: No liquefaction. 

Semisolid agar (Veiilon) colonies; At 
hrst punctiform, becoming lenticular, 
reaching a diameter of 2 mm. Gas bub¬ 
bles. 

Blood agar colonics: Usually surround¬ 
ed by a clear halo; weakly hemolytic. 

Agar slant: Transparent, bluish, min¬ 
ute colonics. 

Peptone broth: Turbid with fine sedi¬ 
ment. 

Glucose broth: Turbid. Faintly fetid 
odor. Gas produced contains CO*, Hj 
and HiS. 

Broth serum: Very abundant, rapid 
growth. 


Milk: No acid. Not coagulated. 
Some strains produce gas. 

Small amount of indole formed. 
Nitrites produced from nitrates. 

Acid and gas from glucose. Slight 
amount of acid from fructose, galactose 
and sucrose. Some strains feebly attack 
mannitol, maltose and inulin. 
Coagulated protein not attacked. 
.\mmonia not produced. 

Hydrogen sulfide produced. 

Optimum pll 6.5 to 8.0. ^ 

Temperature relations: Optimum 37 
Grows feebly at 22°C. Killed in one 

hour at 55®C. 

Strict anaerobe. 

Distinctive characters: Fermentation 
of polypeptids to produce hydrogen, 
carbon dioxide, hydrogen sulfide an 
indole; fermentation of sugars; hemo y 
sis of blood; production of nitrites from 

nitrates. 

Source: Isolated by Veiilon and Zuber 
from appendices, buccal cavities an 
lungs. Of the 13 strains studied by 
Pr6vot, 3 were isolated from pulmonary 
gangrene, one from an appendix, one 


* Revised by Prof. E. G. D. Murray, McGill University, Montreal, P. Q-, ^ 

ada, June, 1938. Descriptions reviewed by Dr. Ivan C. Hall, New York City, 
uary, 1944. 
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from alveolar pyorrhea, 5 from amniotic 
fluid, 2 from abscesses and pulmonary 
congestion and one from the buccal 
cavity of a normal rabbit. Found in 
suppurative lesions or pus. It may oc¬ 
casionally be pathogenic and invade the 
tissues, causing suppurations, alone or 
in association with other pyogenic or¬ 
ganisms. 

Habitat; Normally a harmless parasite 
found in natural cavities of man and 
animals, especially the mouth and digest¬ 
ive tract. 

la. Veillonella parviila var. minima 
Pr6vot. {Staphylococcus minimus Gio- 
elli. Boll. R. Accad. Med. di Genova, 
1907; Abst. in Cent. f. Bakt., I Abt., 
Ref., 42, 1908-09, 595; il/i'crococcws mini¬ 
mus Bergcy ct al., Manual, 1st oil., 1923, 
69; Pr6vot, Ann. Sci. Nat., S6r. Bot., 
15, 1933, 125.) From Latin, minimus, 
smallest. 

Differs from Veillonella parvula only 
in its slightly smaller size (0.2 to 0.3 mi¬ 
cron). Growth only at 37®C. No growth 
ongelatin. Growthonthcwallof the cul¬ 
ture tube in fine flakes, not clouding the 
medium, and no plasmolysis in a 5 per 
cent salt solution. 

Source: Isolated from a periuterine 
abscess. 

lb. Veillonella parvula var. branhamii 
Pr6vot. (Anaerobic micrococcus, Bran¬ 
ham, Jour. Inf. Dis., 41, 1927, 203; ibid., 
42, 1928, 230; Micrococcus branhamii 
Bergcy et al., Manual, 3rd cd., 1930, 92; 
Pr6vot, Ann. Sci. Nat., S6r. Bot., 15, 
1933, 126.) Named for Dr. Sara E. 
Branham, of the National Institute of 
Health, Washington, D. C. 

Serologically distinct from Veillonella 
parvula. One strain liquefied gelatin 
slowly. 

Source: Isolated from nasal washings 
In two cases of influenza. 

Ic. Veillonella parvula var. thomsonii 
Pr6vot. (Anaerobic diplococcus, Thom¬ 
son, Jour. Trop. Med. and Hyg., 1923, 


227 and Ann. Pickett-Thorason Res. 
Lab., 1, 1924-25, 105 and 1G4; Pr6vot, 
Ann. Sci. Nat., Ser. But., 15, 1933, 12C; 
Micrococcus Ihomsoni Ilauduroy et al., 
Diet. d. Bact. Path., 1937. 283.) Named 
for Dr. David Thomson of London, 
Englanil. 

Differs but slightly from Veillonella 
parvula in that it requires some accessory 
factor of growth found in serum or similar 
body fluids, testicular agar and the like. 

Source: Found in the throat in measles 
and scarlet fever. 

2. Veillonella gazogenes (Hall and 
Howitt) Murray. {Micrococcus gazo¬ 
genes alcalescens anacrobius Lewkowicz, 
Arch. Med. Exp., IS, 1901, 633; Micro¬ 
coccus gazogenes Hall and Howitt, 
Jour. Inf. Dis., 37, 1925, 112; not Micro¬ 
coccus gazogenes Chouk6vitch, Ann. 
Inst. Pasteur, 25, 1911, 356; Veillonella 
alcalescens Pr6vot, Ann. Sci. Nat., S6r. 
Bot., 15, 1933, 127; Micrococcus alca¬ 
lescens Ilauduroy ct al.. Diet. d. Bact. 
Path., 1937, 274; Murray, in Manual, 
5thcd., 1939,287.) From Utin, the gas- 
producing Veillonella. 

The species name gazogenes as given by 
Hall and Howitt is well established in the 
literature for this organism. It is valid 
under the rules when the organism is 
placed in a new genus {Veillonella) in 
spite of the earlier use of Micrococcus 
gazogenes by Chouk6vitch for a diffcicnt 
organism. 

Spheres : 0.3 to 0.7 micron, average 0.4 
micron, occurring in irregular masses, 
rarely in pairs, short chains or singly. 

Gram-negative. 

Gelatin: No liquefaction. 

Deep agar colonies; At first punctiform, 
becoming lenticular. Gas bubbles ap¬ 
pear after 16 to 18 hours. 

Blood agar plate: Minute colonies. 
Non-hemolytic. Several strains show 
greenish colonics. 

Peptone broth: Gas produced. Broth 
becomes slightly alkaline. 

Indole not formed. 
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Milk: Gas, but no acid. No co¬ 
agulation. 

Ammonia and hydrogen produced in 
small amounts. 

Egg-white and coagulated serum not 
attacked. 

Hydrogen sulfide not produced. 
Carbohydrates not attacked. 

Nitrites not produced from nitrates. 
Slowly plasmolysed in 5 per cent NaCl 
solution. 

Optimum pH 6.0 to 8.0. Will grow in 
broth of pH 5.5. 

Temperature relations: Optimum 37°C. 
Some strains grow at 22°C. Killed at 
56°C in one hour, or at 65°C in a half 
Qour, or at 80X in 10 minutes. 

Non-pathogcnic (Lcwkowicz’s strains). 
Two strains (Pr6vot) pathogenic for 
rabbits. 

Strict anaerobe. 

Distinctive characters: Differs from 
Veillonella parvula in that it does not 
ferment sugars, does not produce HaS 
nor indole, is not hemolytic, does not 
oroduce nitrites from nitrates, and does 
not develop fetid odors. 

Source: Isolated (Lewkowicz) from 
mouth of a healthy infant. Twenty-four 
strains (Hall and Howitt) from human 
saliva. Fifteen strains (Pr6vot) one 
from alveolar pyorrhea, one from pul¬ 
monary gangrene, 5 from tonsils, one from 
appendix, 2 from measles, 3 from scarlet 
fever, and 2 from normal guinea pigs and 
rabbits. 

Habitat: Prevalent in saliva of man 
and animals. 

2a. Veillonella gazogenes var. gingivalis 
Murray. (Kleiner Micrococcus, Ozaki, 
Cent. f. Bakt., I Abt., Orig., 6 e, 1912, 
83; Aftcrococcus gingivalis Bergey et al., 
Manual, 1st ed., 1923, 69; Veillonella 
alcalescens var. gingivalis Pr6vot, Ann. 
Sci. Nat., Sfer. Bot., 15, 1933,133; Murray 
in Manual, 5th ed., 1939, 288.) From 
Latin, pertaining to the gums. 


Differs from Veillonella gazogenes by its 
ability to grow at 22^C, and by the fact 
that glucose favors its growth although 
this carbohydrate is not fermented. 

Source: Oral cavity and (Pr6vot) two 
strains from the intestine. 

2b. Veillonella gazogenes var. minutis- 
sima Murray. {Micrococcus miniUissi- 
mits Oliver and Wherry, Jour. Inf. Dis., 
28, 1921, 342; Veillonella alcalescens var. 
minulissinia Pr6vot, Ann. Sci. Nat., 
Ser. Bot., 15, 1933, 134; Murray, in 
Manual, 5th ed., 1939, 288.) From 
Latin, very tiny. 

Differs from Veillonella gazogenes 
only in that the usual carbohydrates 
favor growth and that the gas formed is 
not absorbed by sodium hydroxide and 
is not inflammable. 

Non-pathogenic for rabbits, guinea pigs 
or white mice (Oliver and Wherry). 

Source: Two strains isolated from a 
mixed infection in aphthous ulcers of the 
gingival and buccal mucosa of a case of 
postpoliomyelitic paralysis. 

2c. Veillonella gazogenes var. syzygios 
Murray. {Syzygiococcus scarlatinas Herz- 
berg, Cent. f. Bakt., I Abt., Ref., 
1928, 575; Micrococcus syzygios scarlati- 
nae Herzberg, Cent. f. Bakt., I Abt., 

Orig., til, \m, Z7Z; Micrococcus syzygios 

Bergey et al.. Manual, 3rd ed., 1930, 92; 
Veillonella alcalescens var. syzygios Pri¬ 
vet, Ann. Sci. Nat., S6r. Bot., 15, 1933, 
134; Murray, in Manual, 5th ed., 1939, 
288.) From Latin, yoked. 

Differs from Veillonella gazogenes only 
by its ability to grow under an atmos¬ 
pheric pressure of 4 cm mercury, with the 
formation of HiS in small amounts by 
some strains, and the production of 

nitrites from nitrates. 

Source; Found by Herzberg in 30 per 
cent of normal mouths and in 100 per cent 
of saliva from scarlet fever patients. 
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FAMILY VII. LACTOBACTERIACEAE OULA-JENSEN. 

(Orla-Jensen, Jour. Bact., 6, 1921,271; Slreptobactenaceae Bergey, Breed and 

Murray, Preprint, Manual, 5th ed., 1938, 71.) 

IjOng or short rods, or cocci which divide like rods in one plane only, producing 
chains, but never tetrads or packets. Non-motile except for certain cultures of 
streptococci. Gram-positive. Pigment production is rare; a few species form a 
yellow, orange, red or rusty brown pigment. Surface growth on all media is poor or 
absent. Some species are strictly anaerobic. Carbohydrates are essential for good 
development; they are fermented to lactic acid, sometimes with volatile acids, alcohol 
and CO- as by-products (except for the non-fermenting Diplococcus magnus). Gela¬ 
tin is very rarely liquefied. Nitrate is not reduced to nitrite. Found regularly 
in the mouth and intestinal tract of man and other animals, dairy products, fer¬ 
menting vegetable juices. A few are highly pathogenic. 


Key to the tribes of family Lactobacteriaceae. 

I. Cocci occurring singly, in pairs and in chains. 

Tribe I. Streplococceae, p. 305. 

II. Rods occurring singly, in pairs and in chains. Individual cells may be very 
long or even filamentous. 

TriKp TT. Laclubacilleae, p. 340. 


TRIBE 1. STRErrOCOCCEAE TREVISAN. 

(I generi e le specie delle Batteriacce, 1889, 29.) 

Cells spherical or elongate, dividing in one plane only, usually occurring in pairs or 
chains. A few species are strict anaerobes; none grow abundantly on solid media. 
Carbohydrates and polyalcohols are changed either by homofermentation to lactic 
acid or by heterofermentation to lactic and acetic acids, alcohol and carbon dioxi e. 
Some pathogenic species grow poorly without blood serum or other enr.chment HukIs. 

Catalase negative. 

Key to the genera of tribe Streptococceae. 

I. Parasites, growing poorly on artificial media. Cells usually in pairs, often 

elongated. Anaerobic species rarely in tetrads or small clumps. 

Genus I. Diplococcus, p. 305. 

II. Parasites and saprophytes. Normally forming short or long ehain^ Per- 
ment glucose to lactic acid with practically no other acids or CO,. 

Genus II. Streptococcus, p. 312. 

III. Saprophytes. Form chains of cocci to short rods in plant juices and milk 

Ferment glucose with the production of CO„ lactic acid, acetic acid and 

ethyl alcohol. Mannitol is formed from fructose. 

Genus III. Leuconostoc, p. 346. 

Genus I. Diplococcus Weichselbaum.* 

(Weichselbaum. Wiener med. Jahrb.,8«, 1886,483; j/a/ococcus Schroetcr in Cohn, 
Kryptogamcn Flora v. Schlesien, 1886, \b 2 \P&eudodtplococcus Bonome, Cent. f. Bakt. , 

• Revised by Prof. E. G. D. Murray, McGill University, Montreal, Canada, Sep¬ 
tember, 1938; anaerobic section adapted from papers by Dr. A. R. Pr6vot, Institut 
Pasteur, Paris, Franco, 1938; further revision by Lt. Col. Elliott S. Robinson, M.C., 
Washington, D. C., January, 1944. 
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2, ISSS, 321; ? PneurnococcxiS Schmidlechner, Ztschr. f. Geburtshilfe u. Gynakol., 56, 
1905, 291; not Pncvmococcus Arloing, Compt. rend. Acad. Sci., I^aris, 109, 1889, 430; 
Mogallia Enderlein, Sitzb. Gesell. Naturf. Freunde, Berlin, 1917, 309.) From Greek 

diploos, double; kokkos, a grain or berry; M. L., a sphere. 

Cells usually in pairs, sometimes in chains or more rarely in tetrads or small clumps. 
Young cells Gram-positive. Parasites sometimes growing poorly or not at all on 
artificial media. Fermentative powers usually liigh, most strains forming acid from 
glucose, lactose, sucrose and inulin. The aerobic species are bile soluble while the 

anaerobic species are not bile soluble. 

The relationships of the strictly anaerobic diplococci placed in this genus by Prevot 
(Ann. Sci. Nat., Si'r. Bot., 15, 1933, 140) to pneumococci are not yet entirely clear. 
The anaerobic species are included here in the hope that this arrangement will stimu¬ 
late research. 

The type species is Diplucoccus pneumoniae Weichselbaum. 


Key to Ike species of genus Dlplococcus. 

I. Aerobic, facultative. Bile soluble. 

1. Diplococcus pneumoniae. 

II. Strictly anaerobic. Not bile soluble. 

Greater than 1 micron in diameter. 

1. Carbohydrates not attacked. 

2. Diplococcus tnagnus. 

B. Not greater than 1 micron in diameter. 

1 . Acid from glucose and lactose. 

a. Capsulated. Pathogenic. 

3. Diplococcus paleopneumoniae. 

aa. Not capsulated. Non-pathogenic. 

4. Diplococcus plagarum-helli. 

2. Acid from glucose, not from lactose. 

a. Grows on ordinary culture media. Non-pathogenic. 

5. Diplococcus constellatus. 

aa. No growth on ordinary culture media. Pathogenic. 

6 . Diplococcus morbillorum. 


1. Diplococcus pneumoniae Weichsel- 
bauin. (Microbe septic5mique du salive, 
Pasteur, Chamberland and Roux, Compt. 
rend. Acad. Sci., Paris, 92, 1881, 159; 
Micrococcus of rabbit septicemia, Stern¬ 
berg, National Board of Health Bull., 
Washington, 2, 1881,781; Coccus lancM6, 
Talamon, Communication b. la Soci5t6 
anatom, de Paris, 68 , 1883, 475; Micro¬ 
coccus pyogenes tenuis Kosenbach, 
Mikroorganismen bei den Wundinfek- 
tionskrankheiten dds Menschen, 1834, 30 
(see Neumann, Cent. f. Bakt., 7, 1890, 
177); Micrococcus posfeuri Sternberg, 
Trans. Pathol. Soc. of Philadelphia, 18, 
1885, 162 (not Micrococcus pasleuri 


Trevisan, I generi e le specie delle 
Batteriacee, 1889, 34); Weichselbaum, 
Wiener med. Jahrb., 88, 1886, 485; PneU 
moniemikrococcus or Pneumococcal 
Frankel, Ztschr. f. klin. Medizin, 10, 
1886, 402; Bacillus septicus spultgen^ 
Fliigge, Die Mikroorganismen, 2 Aun., 
1886, 262; Bacillus salivarius septic^ 
Biondi, Ztschr. f. Hyg., £, 1887,195; Dtp 
COCCUS lanceolatus sive capsulalus Foi 
Bordoni-Uffreduzzi, Archivio per le bci. 
Med., 11, 1887, 387; Streptococcus 

lanceolatus pasleuri Gamalfiia, Ann. us 

Past., 8, 1888, 442; Streptococcus lanceo¬ 
latus Gamal4ia, ibid,, 443; Kl^ 
salivaris Trevisan, I generi e le spe 
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delle Batteriacee, 1889, 26; Micrococcus 
rosenb<u:hii Trevisan, ibid., 33; Micro¬ 
coccus pyogeneS’tenuis De Toni and 
Trevisan, in Saccardo, Syllogc Fungorum, 

8, 1889, 1031; 3/icrococcws pneumoniae 
crouposae Sternberg, Cent. f. Bakt., 12, 
1892 , 53; Diplococcus lanccolalus capsu- 
latus Kruse and Pansini, Ztschr. f. Ilyg., 
11, 1892, 335; Diplococcus lanceolatus 
incorrectly ascribed to Frankel by 
Binaghi, Cent. f. Bakt., I Abt., 22, 1897, 
278; Micrococcus tenuis Migula, Syst. d. 
Bakt., 2, 1900, 193; Bacterium pneu¬ 
moniae Migula, ibid., 347; Bacterium 
salivarium Migula, ibid., 379; Strepto¬ 
coccus pneumoniae Chester, Man. 
Determ. Bact., 1901, 63; il/icrococcws 
lanceolatus Longcope, Jour. Med. Res., 

7 (N.S. 2), 1902, 220; Pneumococcus 
lanceolatus Schmidlechner, Ztschr. f. 
Geburtshilfe u. Gynakologic, 56, 1905, 
291; Pnci/7nococcMS pneumoniae Fried, 
Jour. Exp. Med., 57, 1933, 111.) From 
Greek pneumonia, inflammation of the 
lungs. 

il/onas pulmonale Klebs (Arch. f. 
exper. Path, u. Pharmakol., 4, 1875, 472) 
is inadequately described by Klebs and 
ought not to be regarded as identical 
with Wcichselbaum’s organism. 

Common name: Pneumococcus. 

The organisms occur as ova! or spherical 
forms typically in pairs, occasionally 
singly or in short chains, 0.5 to 1.25 
microns. The distal ends of each pair 
of organisms tend to be pointed or lancet- 
shaped. Encapsulated. Non-motile. 
Young cells, Gram-positive. 

Gelatin stab: Filiform or beaded 
growth. No liquefaction. 

Infusion agar colonies: Small, trans¬ 
parent, grayish, with entire margin. 
Elevation high convex, glistening, mucoid 
to watery. 

On blood agar, the colonies are elevated 
at the center with concentric elevations 
and depressions. Hemolysis usually 
slight but often marked in anaerobic 


culture; methemaglobin formation with 
green zone around colony. 

Beef heart infusion broth: Uniform 
turbidity with variable amount of 
sediment. 

.Addition of glucose, scrum, whole 
blood or ascilic fluid enhances growth. 
Moat extract media: Growth irregular, 

usually poor if any. 

Iiuilin serum water: Usually acid with 

coagulation. 

Litmus milk: Usually acid with 
coagulation. 

Potato: No growth. 

Whole bile or 10 per cent solutions of 
sodium taurocholate or sodium glyco- 
cholate added to actively growing broth 
cultures will dissolve the organisms. It 
is customary to use from 0.1 to 0.5 ml of 
bile for each 0.5 ml of culture. 

Aerobic, facultative. 

Optimum temperature 37“C. Usually 
no growth at 18’ to 22°C. 

Optimum initial pH 7.8. 

Source: Sputum, blood and exudates in 
pneumonia; cerebrospinal fluid in menin¬ 
gitis; mastoiditis; otitis media; peri¬ 
tonitis; empyema; pericarditis; endo¬ 
carditis; arthritis; Siiliva and secretions 
of respiratory tract in normal persons. 
(Commonest cause of lobar pneumonia. 

Habitat: The respiratory tract of man 
and animals. 

At present, thirty-one types of Diplo¬ 
coccus pneumoniae are recognized on the 
basis of serological reactions, chiefly the 
Neufcld “Quellung” phenomenon as in¬ 
duced by type-specific immune rabbit 
scrums. Following the description of 
Pneumococcus 1 by Neufeld and Handel 
(Arb. a. d. k. Gesundheitsamte, 34, 1910, 
293), Dochez and Gillespie (Jour. Amer. 
Med. Assoc., 61, 1913, 727) divided the 
species into Types 1, 2, 3 and a heterog¬ 
enous group 4; Cooper, Edwards and 
Rosenstein (Jour. Exp. Med., 49, 1929, 
461) separated Types 4 to 13 from the 
strains previously designated as group 4, 
and later Cooper, Rosenstein, Walter and 

Peizer (Jour. Exp. Med., 66, 1932 , 531) 
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continued the classification to Type 32. 
Due to marked cross-reactions, it was 
subsequently decided that Type 6 was 
identical with Type 26, and that Types 
15 and 30 were identical. This resulted 
in the deletion of the Cooper Types 26 
and 30, thus leaving thirty of the original 
thirty-two types. Type 33 (Wilder) has 
been described by Walter, Blount, Beat- 
tie and Cotier (Jour. Inf. Dis., 66, 1940, 
181) as a distinct type; sufficient recogni¬ 
tion has been accorded to justify the 
acceptance of this type, thereby making 
a total of thirty-one types of the species. 
In a still more recent publication, Wal¬ 
ter, Guevin, Beattie, Cotier and Bucca 
(Jour. Immunol., 4C 1941, 279) recom¬ 
mend the addition of nine new types and 
eight subtypes. These, together with 
new strains reported by KaufTmann, 
March and Schmith (Jour. Immunol., 
39, 1940, 397), if eventually recognized, 
would make a total of fifty-five types. 
Eddy still more recently, taking into 
account all known types, raises the num¬ 
ber of recognized types to seventy five 
(U. S. Public Health Repts., S9, 1944, 
449-46S). 

Note 1. Streptococcus mucosus How¬ 
ard and Perkins. (Howard and Perkins, 
Jour. Med. Res., 6 (N.S. 1), 1901, 174; 
Diplococcus capsulatus incorrectly at¬ 
tributed to Frankel by Binaghi, Cent. f. 
Bakt., I Abt., 22, 1897, 273; Streptococcus 
mucosus Schottmuller, Miinch. med. 
Wchnschr., 60, 1903 , 909; Streptococcus 
lanceolahis var. mucosus Park and Wil¬ 
liams, Diplococcus lanceolatus var. mu¬ 
cosus Park and Williams, Diplococcus 
7nucosus Park and Williams, Pneumo¬ 
coccus mucosus Park and Williams, 
Jour. Exp. Med., 7, 1905, 411; Strepto¬ 
coccus mucosus capsulatus Buerger, Cent, 
f. Bakt., I Abt., 1006, 314.) This 
organism is no longer recognized as a 
separate species. Dochez and Gillespie 
(Jour. Amer. Med. Assoc., 61, 1913, 727), 


Wirth (Cent. f. Bakt., I Abt., Grig., 102, 
1928,40) and others have established the 
identity of strains of this group as Diplo¬ 
coccus pneumoniae, Type 3. 

Buerger (Cent. f. Bakt., 1 Abt., Orig., 
41, 1906, 314) lists the following capsu- 
lated closely related streptococci: Strep¬ 
tococcus involuius Kurth, Arb. a. d. k. 
Gesundheitsamte, 8, 1893, 449 (Diplo¬ 
coccus involutus Winslow and Winslow, 
The Systematic Relationships of the 
Coccaceae, New York, 1908, 131); Strep¬ 
tococcus aggregalus Seitz, Cent. f. Bakt., 
I Abt., 20, 1896 , 854; Streptococcus cap¬ 
sulatus Binaghi, Cent. f. Bakt., I Abt., 
22, 1897, 273; Streptocoque aureole, I^ 
Roy des Barres and Weinberg, Arch, de 
M^d. exp^r. et d’anat. pathol., 2, 1899, 
399; Leuconostoc hominis Hlava, Cent. f. 
Bakt., I Abt., Orig., 32, 1902, 263. 

Note 2. Pneumococci, regardless of 
serological type, manifest three chief 
culture phases (or stages): Mucoid, 
Smooth, and Rough. The Mucoid (M) 
form corresponds to that previously desig¬ 
nated as Smooth (S) and represents the 
typical phase of the species; Smooth (S) 
supercedes the earlier term Rough (R)\ 
and the present Rough (R) form is a rela¬ 
tively newly-described variant. The 
most frequently observed dissociative 
trend is M —» S —» R. Serological types 
are recognizable only in the Mucoid form 
due to the presence of type-specific poly* 
saccharides in the capsular material; 
both Smooth and Rough forms are devoid 
of capsular material, but possess species- 
specific antigens common to all members 
of the species. Smooth and Rough forms 
are non-pathogenic, possess distinctive 
growth characteristics, and require spe¬ 
cial technic for accurate observations- 
The cultural characteristics given are 
those of the mucoid and smooth phases 
only, e. g., see growth in broth. 

•f Diplococcus magnus Pr6vot. 
plococcus magnus anaerobius Tissier an 


• Anaerobic section reviewed by Dr. Ivan C. Hall, New York, N. Y. 
t These anaerobic diplococci and streptococci, many of which are putrefactive 
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Martelly, Ann. Inst. Past., 16, 1902, 8S5; 
Pr6vot, Ann. Sci. Nat., Sdr. Bot.,/5, 
1933, 140.) From Latin magnus, large. 

I^arge spheres: 1.5 to 1.8 microns, 
usually in pairs, sometimes occurring 
singly, in small clumps or very short 
chains. Gram-positive. 

Gelatin: Growth slow, scanty. No 
liquefaction. 

Deep agar colonies: After 24 hours at 
ST^C, lenticular, whitish, granular; mar¬ 
gin finely cut. No gas produced. 

Broth: Turbid, clearing in 4 or 5 days 
resulting in a viscous mass similar to the 
zoogloea which Clostridium bifermentans 
forms. 

Peptone water: Slight turbidity. 
Indole not formed. 

Milk: Unchanged. 

Fibrin not digested. 

Sterilized urine: Turbid in 3 to 4 days. 
The urea is attacked forming (NIDsCOa- 
Proteoses: Digested and disintegrated 
forming (NH 4 ) 2 C 03 with the liberation 
of NH,. 

Carbohydrates not attacked. 

Optimum pH 7.0. Limits of pll 5.5 
to 8.5. 

Temperature relations: Optimum ST^C. 
Grows from 18“ to 37“C. Killed in five 
minutes on boiling or in half an hour 
at 60“C. 

Non-pathogenie. 

Strict anaerobe. 

Distinctive characters: Large size; 
very marked alkalinizing power. 

Source: Isolated by Tissier and 
Martelly (ioc. cil.) from putrefying 
butcher's meat. Isolated by Prevot 
{loc. cil.) from a case of acute ap¬ 
pendicitis. 


Habitat: Human digestive tract. 
Very common on butcher’s meat in the 
processof putrefaction. Probably occurs 
in household dust. 

3. Diplococcus paleopneumoniae 

Prevot. (An anaerobic pseudopneumo¬ 
coccus, Rist, These de Paris, 1898; Der 
Friinkelsche Diplococcus, Bolognesi, 
Cent. f. Bakt., I Abt., Grig., 43, 1907,113; 
Prevot, Ann. Sci. Nat., S6r. Bot., IB, 
1933, 143.) From Greek paleus, old and 
pneumonia, inflammation of the lungs. 

Spheres; About 0.7 to 1.0 micron, oc¬ 
curring in pairs, rarely occurring singly 
or in very short chains. Capsulated. 
Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: Probably len¬ 
ticular. 

Agar slant colonies: Round, raised, 
transparent, dew-drop. 

Broth; Opalescent turbidity which 
settles as a rather abundant, powdery, 
flocculent precipitate. No gas produced. 

Glucose or lactose broth: Rapid, 
abundant growth. 

Peptone water (2 per cent): Very slow 
development. After 4 or 5 days at 37“C 
growth very poor. 

Milk: Good growth. Partial coagu¬ 
lation. 

Blood agar: Very rapid, abundant 
growth. 

Acid from glucose and lactose. 
Temperature relations: Optimum 37“C. 
No growth at 20“C nor at 42'’C. Killed 
at 55“C. 

Pathogenic. 

Strict anaerobe. 

Distinctive characters: Resembles 


and gas-forming, seem to us so different from the fermentative microaerophilic 
diplococci, streptococci, leuconostocs and lactobacilU that we beleivc they should 
be placed in genera and in a family separate from Lactobacteriaceae. Prdvot in a 
discussion (Ann. Inst. Past., 67, 1941, 87) that has just reached us (Oct., 1945) 
recognizes this difference in physiology. He would solve the difficulty by return¬ 
ing the fermentative diplococci and streptococci to the family Coccaceae because 
of resemblances in morphology which do not seem to us to be fundamental The 
editors. 
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Diplococcus pneumoniae but is a strict 
anaerobe; highly pathogenic. 

Source: Isolated by Rist {loc. cit.) 
from an osseous abscess; by Bolognesi 
(loc. cit.) from lesions of pleuropneu¬ 
monia. 

Habitat; Buccal-pharyngeal cavity of 
man and rodents. 

4. Diplococcus plagarum-belll Prevot. 
(Diplococcus from septic wounds, Adam¬ 
son, Jour. Path, and Bact., 22, 1919, 393; 
Prevot, Ann. Sci. Nat., Ser. Bot., 15, 
1933, 157.) From Latin plaga, wound; 
helium, war. 

Spheres: 0.6 to 1.0 micron, occurring 
in pairs of unequal size or in short chains. 
Gram-positive. 

Gelatin: No liquefaction. 

Deep agar colonies: -Appear after 24 to 
48 hours, gradually increa.sing in size to 
2 mm in diameter; lenticular, regular, 
almost transparent. Gas not produced, 
even in glucose agar. 

Broth: Growth precipitates in 5 or 6 
days. No gas produced. 

Indole not formed. 

Milk: Strongly acidi6ed and coagu¬ 
lated in 2 to 3 days. 

Serum not digested. 

Acid but not gas from glucose, mal¬ 
tose, lactose and sucrose. No acid from 
mannitol. 

Temperature relations; Optimum 
37®C. Not always killed in half an hour 
at 80“C. 

Nou-pathogenic. » 

Strict anaerobe. 

Source: Sixteen strains isolated from 
fifty-one cases of septic war wounds. 
Habitat: Common in septic wounds. 

5. Diplococcus constellatus Pr6vot. 
(Compt. rend. Soc. Biol. Paris, 91, 1924, 
426.) From Latin consiellaius, studded 
with stars. 

Description in part from Pr6vot, Ann. 
Sci. Nat., Sfer. Bot., 15, 1933, 158. 

Spheres: 0.5 to 0.6 micron, occurring in 
pairs and tetrads, rarely in very short 


chains, never in clusters. Gram¬ 
positive. 

Gelatin: Good growth. No lique¬ 
faction. 

Deep agar colonies: At first very small, 
lenticular, biconvex, thick, opaque, 
yellowish, 0.5 to 1.5 mm in diameter. 
Each colony surrounded by many small 
satellite colonies visible microscopically. 

Brotli: Growth slow, poor. After 48 
hours a slight homogenous turbidity 
W’hich quickly clears, leaving a slight 
powdery sediment. Neither gas nor odor 
produced. 

Glucose broth: Growth rapid, 

abundant. 

Proteins not attacked. 

Blood broth: Good growth. No 
hemolysis. 

Milk: Poor growth. No change. 
Peptone water: Good growth. Not 
acidified. Indole not formed. 

Neutral red broth unchanged. 

Acid but not gas from glucose, 
arabinose. Slightly acid from glycerol. 
No acid from lactose, inulin, mannitol or 

dulcitol. 

Optimum pH 6.0 to 8.0. 

Optimum temperature 37®C. Feeble 

growth at 22°C. Not thermo-resistant. 

Strict anaerobe. — 

Distinctive character: The micro¬ 
scopic appearance of agar colonies each of 
which is surrounded by a constellation of 
satellites. 

Source: Isolated from a case of chronic, 
cryptic tonsillitis. Later isolated from 
pus in acute appendicitis. 

Habitat: Digestive tract, especially 
the lymphoid tissues, as tonsils an 
appendix. 

6. Diplococcus morblllorum Pr6vot. 
(Diplococci from cases of measles, 
TunniclifF, Jour. Amer. Med. Assoc., 68, 
1917, 1028; Diplococcus rubeolae Tunm- 
cliff, Jour. Inf. Dis.. 62, 1933, 39; Prevot, 
Ann. Sci. Nat., S4r. Bot., 15, 1933, 148; 
original name withdrawn by Tunnichfl, 
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Jour. Inf. Dis., 58, 1036, 1.) From Latin 
morbus, disease; M. L. morbilli, measles. 

Spheres: 0.6 to 0 8 micron, occurring in 
short chains, rarely in small masses. 
Gram-positive. 

Tliis organism does not develop on 
ordinary culture media. The addition of 
fresh serum or ascitic fluid is necessary. 

Gelatin: No liquefaction. 

Serum agar colonies: Very small, punc- 
tiform, appearing after 5 to 22 days. No 
gas produced. 

Glucose agar containing ascitic fluid 
and blood: Colonies are slightly larger 
and appear more rapidly; greenish. 

Blood agar colonies: Surrounded by a 
greenish halo. May be large and moist. 
Gas not produced. 

Broth: Very poor growth. 

Hemolysed blood broth: Growth floc- 
culent, leaving the liquid clear. 


Milk: Unchanged by most strains. 
.\cidified and coagulated by four strains. 
Indole not formed. 

Bile: Not soluble in bile. 

.^cid from glucose, sucrose and 

maltose. 

Temperature relations: Optimum 
37®C. Killed in 45 minutes at dlX'. 
Withstands -2“C for two weeks. 

Strict anaerobe. Most strains become 
microaerophilic with transfers. 

Distinctive characters: Greenish col¬ 
onics on blood media; poor growth on 
ordinary media. 

Source: Isolated from the throat and 
blood in measles. 

Habitat: Nose, throat, eyes, ears, mu¬ 
cous secretions and blood from cases of 
measles. 
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Genus 11. Streptococcus Rosenhach.* 

{Rosenbach. Mikroorganismen bei Wundinfektionskrankheiten des Menschen, 1884, 
22; Arthroslreptokokkus Hueppe, Wiesbaden, 1886, 144; Sphaerococcus Marpmann, 
Ergiinzungsheftez.Cent. f.allg. Gesundheitspflege,1889,121; Perronciloa, Babesia, 
Schuelzia Trevisan, I generi e le specie dellc Batteriacee, 1889, 29; Lactococcus Bei- 
jerinck Arch, neerl. d. sci. exactcs, Ser. 2, 7, 1901, 213; Hypnococcus Bettencourt et 
al Cent. f. Bakt., I Abt., Orig., 35, 19CH, 55; Myxococcus Gonnermann, Oester. u. 
Ungar. 5^tschr. f. Zuckerind. u. Landwirtseii., 36, 1907, 883; not Myxococcus Thaxter, 
Bot. Gaz., 17, 1892, 4(H; Melococcus Amiradzibi, Med. Zurn., 4, 1907, 309; Diplo- 
streptococcus v. Lingelsbeim, in Kolle and Wassermann, Handb. d. path. Mikroorg., 
2 Aufl., 4, 1912, 494; ? Brachybaclerium Troili-Pctersson, Cent. f. Bakt., II Abt., 11, 
1903 138’ Pseudoslreplus Enderlein, Sit zb. Gesell. Naturf. Freunde, Berlin, 1917,3<W, 
Planosireplococcus Meyer, Die Zelle dcr Bakterien, Jena, 1912,4; Streptus Enderlein, 
Sitzber. Gesell. Naturf. Freunde, Berlin, 1930, 104; Peptostreplococcus Kluyver and 
Van Kiel, Cent. f. Bakt., II Abt., 94, 1036, 391.) From Greek streptus, flexible or 

pliant; Greek A-oU-os, a grain or berry; M. L., a sphere. 

Cells spherical or ovoid, rarely elongated into rods, occurring in pairs, or short or 
long chains, never in packets or zoogloeal masses. Capsules are not regularly formed, 
but become conspicuous with some species under certain conditions. Gram-positive, 
some species decolorizing readily. A few cultures produce a rusty red growth in deep 
agar stab, or a yellow or orange pigment in starch broth. Growth on, artificial media is 
slight. Agar colonies are small. Surface colonies are translucent. Colonies may 
be effuse, convex or mucoid. Some species are aided by the addition of native proteins. 
Mostly facultative anaerobes, with little surface growth in stab cultures. A few are 
strict anaerobes. Some of the latter attack proteins with production of gas and fou 
odors. Carbohydrate fermentation by all others is homofermentative, with dextro- 

rotatorylacticacidasthedominant product, while volatile acids,othcr volatile products 

and CO 2 are either absent or produced in very small amounts. Inulin is rarely at¬ 
tacked. Nitrate is not reduced to nitrite. Not soluble in bile. Common wherever 
organic matter containing sugars is accumulated. Regularly in the mouth an 
intestine of man and other animals, dairy products, fermenting plant juices. Some 

species are highly pathogenic. 

The type species is Streptococcus pyogenes Rosenbach. 

Note: The classification of streptococci is beset with many difficulties and it seems 
advisable for the present to accept only such described species about which there is 
reasonable agreement. With present knowledge, many species which have been sepa¬ 
rated can justifiably be considered as identical with older species and have been 
treated as such here. The descriptions of certain other species do not permit their 
exact identification now and they have been classed ns invalid names with no presen 
significance. It is admitted there are grounds for belief that more than one species 
may be included in certain of the species described here, but the onus of proof hes 
with the investigators interested in them. It is hoped that the simplification intro^ 
duced will prove useful as a starting point for the more exact differentiation an 
description of the species of Streptococcus. The general arrangement used is m 

* Revised by Prof. E. G. D. Murray, McGill University, Montreal, Canada, 
oultation with Prof. G. J- Hucker, New York State Experiment Station, Geneva, 
York and Prof. J- M. Sherman, Cornell University, Ithaca, New York, June, 
further revision by Prof. J. M. Sherman, February, 1944. 
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harmony with the suggestions made by Hucker (Proc. 2nd Internat. Cong, for Micro¬ 
biology, London, 1936, 127) and Sherman (Bact. Reviews, 7, 1937, 3). 

Serological reactions are included as far as possible in the descriptions but tlie true 
significance of these methods is not known and on that account tliey are not stressed in 
the primary classification. 

Throughout the history of this genus motile streptococci have been reported oc¬ 
casionally (e.g.. Streptococcus herbarum Schieblich, Cent. f. ILikt., I .\bt., Orig., 124, 
1932, 269; Koblmuller, Cent. f. Bakt., I Abt., Orig., 133, 1934, 310; Stdlting, Uber die 
Streptokokken des normal reifendeii Tilsiter Kases. Inaug. Diss., Kiel, 1935, 51; 
Pownall, Brit. Jour. Exp. Path., 16, 1935,155) but it is not known whether these con¬ 
stitute definite species or whether (Levenson, Ann. Inst. Past., 60, 1938, 99) motile in¬ 
dividuals occasionally appear in ordinarily non-motile species. 

The anaerobic streptococci have not been sufficiently studied to be sure whether 
they should be included in the genus Streptococcus or given separate generic rank. 
Their metabolic ijrocesses seem reason for the latter view. Tlie descriptions given 
are taken from Prevot (Ann. Sci. Nat., Ser. Bot., 15, 1933,23). 

The material is arranged accordingly in three categories: A key and complete de¬ 
scriptions have been prepared for clearly defined species, species of uncertain taxo¬ 
nomic relationships have been placed in Appendix I with their necessarily incomplete 
descriptions, while even less valid and unidentifiable species are merely listed in 
Appendix II. 

Key to the species of genus Streptococcus. 

I. Facultative anaerobic species. 

A. Pyogenic group. No growth at IC’C. No growth at 45 C. Generally 
beta hemolytic. Generally do not curdle litmus milk and reduce lit¬ 
mus slowly if at all. Mannitol and glycerol generally not fermented. 
Not tolerant of 0.1 per cent methylene blue, 6.5 per cent NaCl and pll 
9.6. Produce ammonia from peptone. 

1. Sodium hippurate not hydrolyzed. 

a. Lactose fermented. 

b. Sorbitol not fermented but trehalose fermented. Lancefield 
Group A. 

1. Streptococcus pyogenes. 

bb. Sorbitol fermented and trehalose not fermented. Lancefield 
Group C. 

2. Streptococcus zooepidemicus. 

aa. Lactose may or may not be fermented. Lancefield Group C. 
b. Trehalose not fermented. 

3. Streptococcus equi, 

bb. Treliulose fermented. 

4. Streptococcus equisimilis. 

2. Sodium hippurate hydrolyzed. Lancefield Group B. 

5. Streptococcus agalactiae. 

B. Viridans group. No growth at lO'^C. Growth at 45^0 (few exceptions in 
Streptococcus mitis). Reduce litmus after curdling litmus milk; sorbitol 
and glycerol generally not fermented; mannitol rarely. Not tolerant of 
0.1 per cent methylene blue, 6.5 per cent NaCl or pH 9.6. Not beta 
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hemolytic (though they may be under anaerobic conditions) but show 
varying degrees of greening of blood. Do not produce ammonia from 
peptone (few exceptions in Streptococcus mitis). 

1. Lactose is fermented. 

a. Do not grow at 50°C. Greening or indifferent in blood agar. Raf- 
finose, inulin, salicin and dextrin generally fermented. Esculin 
generally attacked. Growth with 2 per cent NaCl. 

b. Do not survive C0°C for 30 minutes. Starch not hydrolyzed. 

Not tolerant of bile. 

c. Mucoid colonies produced on sucrose and rafiinose media- 

6. Streptococcus salivarius. 

cc. Colonies not mucoid on sucrose or rafhnose media. Inulin 


not fermented. 

7. Streptococcus mitis. 

bb. Survives G0°C for 30 minutes. Starch is hydrolyzed except 
bj’ variety ijiulinaceus. Tolerant of bile. 

8. Streptococcus bovis (and varieties). 

aa. Grows at 50®C. No action on blood. Esculin not attacked. Raf- 
finose, inulin, salicin and dextrin not fermented. No growth in 
2 per cent NaCl. 

9. Streptococcus thermophilus. 

2. Lactose not fermented. Tolerant of bile. 

10. Streptococcus equinus. 

C. Lactic group. Growth at lO^’C. Nogrowth at 45“C. Reduce litmus prioi 

to curdling of litmus milk. Sorbitol and glycerol not fermented. No 
beta hemolytic. Tolerate 0.1 per cent methylene blue, but do no 

tolerate 6.6 per cent NaCl or pH 9.6. 

1. Maltose and dextrin fermented. Ammonia produced from peptone. 

Growth at 40“C. Group N of Shattock and Mattick. 

11. Streptococcus laciis. 

2. Maltose and usually dextrin not fermented. Ammonia not produce 

from peptone. No growth at 40®C. 

12. Streptococcus cremoris. 

D. Enterococcus group. Growth at 10®C. Growth at 45®C. Usually re uce 

litmus prior to curdling litmus milk. Sorbitol, glycerol and manm o 
generally fermented. May or may not be beta hemolytic. Tolera e 
0.1 per cent methylene blue, 6.5 per cent NaCl and pH 9.6. Ammonia 
produced from peptone. Lancefield Group D. 

1. Not beta hemolytic. 

a. Gelatin not liquefied. 

13. Streptococcus faecalis. 

aa. Gelatin liquehed. 

14. Streptococcus liquefaciens. 

2. Beta hemolytic. 

a. Mannitol and sorbitol fermented. 

15. Streptococcus zymogenes. 
aa. Mannitol and sorbitol not fermented. 

16. Streptococcus durans. 


II. Anaerobic species. 

A. Strict anaerobes. 

1. Gas and fetid odor produced. 

a. No general turbidity in broth. 
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b. Acid from maltose. 

17. Streptococcus anaerobtus. 
bb. No acid from maltose. 

18. Streptococcus foetidus. 

aa. Turbidity in broth. 

b. No gas in Veillon’s semisolid agar. No gas in peptone water. 

19. Streptococcus putridus. 

bb. Abundant gas in semisolid agar. Gas in peptone water. 

20. Streptococcus lanceolatus, 

2. No gas and no fetid odor produced. 

a. Milk not coagulated. 

21. Streptococcus micros. 

aa. Milk coagulated. 

b. Viscous sediment in broth. Semisolid agar colonies blacken 
with age. 

22. Streptococcus parvulus. 

bb. No viscous sediment in broth. Semisolid agar colonies do not 

blacken with age. 

23. Streptococcus intermedius 


B. Microaerophilic. 

1. Strictly anaerobic on isolation, later microaerophilic. 

24. Streptococcus evolulus. 


1. Streptococcus pyogenes Rosenbach. 
(Fehlcisen, Ueber Erysipel, Dcut. Zeit. 
f. Chir., 16, 1882, 391; Erysipelkokken, 
Fehlcisen, Die Aetiologie des Erysipels, 
Berlin, 1883; Rosenbach, Mikroorganis- 

men bei Wundinfektionskrankheiten des 
Menschens, 1884, 22; Streptococcus enj~ 
sipelatos (sic) Rosenbach, ibid., 22; 
Micrococcus erysipelatis Zopf, Die Spalt- 
pilze, 2 Aufl., 1884, 86; Streptococcus 
erysipelatis Zopf, Die Spaltpilze, 3 
Aufl., 1885, 51; Streptococcus erysipelato- 
8U« Klebs, Die Allg. Path., Jena, 1887, 
318; Micrococcus scarlatinae and Strepto- 
coccus scarlatinae Klein, Report of the 
Medical Officer of the Local Government 
Board for 1885-1886, No. 8, 1887, 85; 
Streptococcus conylomeratus Kurth, Arb. 
d. k. Gesundheitsamte, 7, 1891, 389; 
Streptococcus longus von Lingelsheim, 
Ztschr. f. Hyg., 10, 1891, 331 and 12, 
1891, 3C8; Streptococcus puerperalis 

Arloing, Scptic6mie puerperale, Paris, 
1892 (Jordan, Brit. Med. Jour, 1912, 1) ; 
Staphylococcus erysipclatos Hesse, Ztschr. 
t. Hyg., 54,1900, Z^7; Streptococcus longus 
pathogenes seu erysipelatos Schottmilller, 
Mflnch. med. Wchnschr., SO, 1903, 909; 
Streptococcus longus hemolyticus Sacha, 
Ztachr. i. Ilyg,, 55,1909,466; Streptococcus 


longissitnus Thalmann, Cent. f. Bakt., I 
Abt., Orig., 56, 1910, 248; Streptococcus 
hemolyticus Roily, Cent. f. Bakt., I Abt., 
Orig., 61, 1911, 87; Streptococcus epi- 
demicus Davis, Jour. Am. Med. Assoc., 
68, 1912, 1852; Jour. Inf. Dis., IS, 1914, 
378; ibid., 19, 1916, 236; Streptococcus 
hemolysans Blake, Jour. Med. Res., 36 
(N.S. 5/), 1917, 116; Streptococcus pyo¬ 
genes haeniolylicus Weisenbacli, Compt. 
rend. Soc. Biol. Paris, 81, 1918, 819; 
Streplus scarlatinae Endcrlein, Sitzber. 
Geseil. Naturf. Freunde Berlin, 1930, 
104; Streptococcus pyogenes var. scarla¬ 
tinae llauduroy et al., Diet. d. Bact. 
Path., Paris, 1937, 520.) From Greek 
pyon, pus; -genes, producing. 

Spherical or ovoid cells: 0.6 to 1 micron 
in diameter in cultures; usually spherical 
in blood and inflammatory exudates; oc¬ 
curring in chains or pairs. Capsules are 
variable, sometimes well developed and 
can be induced. Gram-positive. 

Gelatin stab: Growth slight; minute 
opaque colonies, little surface growth. 
No liquefaction. 

Nutrient agar: Small colonies, trans¬ 
lucent, convex, entire, slightly granular; 
colonies are variable; confluent growth a 
thin transparent film; tendency for 
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colonies to remain discrete. Growth in¬ 
creased by addition of blood or native 
proteins. Pairs or short chains in surface 
growth and longer chains in condensation 
fluid of slants. 

Broth: Flocculcnt sediment of tangled, 
chains, supernatant broth often clear 
except in very young cultures. No 
pellicle. 

Potato: Very slight or no visible 
growth. 

Litmus milk: Acid, seldom curdled, 
and litmus reduced slowly or not at all. 

Acid from glucose, maltose, lactose, 
sucrose, salicin and trehalose. No acid 
from inulin, raffinose, arabinose, glycerol, 
mannitol, sorbitol or dulcitol. 

No hydrolysis of sodium hippurate, 
starch or esculin. 

Ammonia is produced from peptone. 
Temperature relations: Optimum tem¬ 
perature around 37®C. No growth at 
10®C or 45°C. Does not survive 60®C 
for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent NaCl but not 4 per cent and 6.5 per 
cent. Final pH in glucose broth 4.8 to 
6.0; no growth at pH 9.6. Methylene 
blue 0.01 per cent and 0.1 per cent not 
tolerated and not reduced. Inhibited by 
bile but not soluble. 

Action on blood: Superficial and deep 
colonies cause hemolysis in blood agar, 
usually with a wide zone surrounding the 
colony, which may liave a well-defined 
mai^in circumscribed by a zone of con¬ 
centrated hemoglobin; the naargin of the 
zone is ill-defined with some strains. 
Conditions defined by Brown (Rocke¬ 
feller Inst. Med. Res., Monograph 9, 
1919, 14) known as beta hemolysis. 
Soluble antigenic hemolysin of more than 
one kind produced in fluid cultures; in¬ 
fluenced by constitution of medium and 
presence of serum; one is oxygen-sensi¬ 
tive and another is oxygen-stable. 
Special precautions necessary for its 
demonstration (F. Smith, Jour. Bact., 
S4, 1937,585,603). 

Toxin: An erythrogenic toxin is pro¬ 


duced; commonly associated with scarlet 
fever. Relatively thermostable. 

Fibrinolysin: Dissolves human fibrin 
but not fibrin of rabbit or ox blood. 
Markedly thermostable. 

Serology: Constitutes Group A of 
Lancefield (C substance; polysaccharide) 
(Jour. Exp. Med., 57, 1933, 571). Types 
within the species are distinguishable 
(M substance; protein); 23 identified by 
Griffith (Jour. Hyg., 34, 1934, 542). 
Antigen common to the group (P sub¬ 
stance; nucleo-protein) also present in 
other Gram-positive cocci. 

Facultative anaerobe. Occasionally in 
primary culture from lesions, pus, etc. 
grows only in anaerobic culture. 

Source: Human mouth, throat and 

respiratory tract; inflammatory exudates, 

blood stream and lesions in human disease 

of very varied character. Occasionally in 

milk and udder of cows. Dust in sick 

» 

rooms, hospital wards and other contami¬ 
nated sites. 

Habitat: In human infections of many 
varied types. Occasionally in udder in¬ 
fections of cattle and perhaps other 
animal sources. 


2. Streptococcus zooepidemlcus Frost 
and Engelbrecht. (Animal pyogenes, 
Type A of Edwards, Jour. Bact., 37, 
1934, 527; Frost and Engelbrecht, A 
Revision of the Genus Streptococcus, 
privately published, 1936, 3 pp. and The 
Streptococci, 1940, 25; Sireptococctis pyn- 
ffenes animalis Seelemann, Deutsche 
tierarzt. Wchnschr., SO, 1942, 8 and 48.) 
From M. L., derived to mean animal 
epidemicus. 

Morphology and general cultural char¬ 
acters resemble Streptococcus pyogenes. 
Mucoid colonies are common. Capsules 
are constantly demonstrable and proim* 
nent. Gram-positive. 

Gelatin stab: No liquefaction. 

Litmus milk: May be curdled, litmus 


not reduced or slowly after curdling. 

Acid from glucose, lactose aud 
sorbitol. Acid may be produced from 
maltose, sucrose and salicin. No acid 
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from arabinose, trehalose, raffinose, in- 
ulin, glycerol or mannitol. 

Does not hydrolyze sodium hippunite, 
but starch and esculin may be split. 
Ammonia is produced from peptone. 
Temperature relations: No growth at 
10®C or at 45®C. Does not survive 60®C 
for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent NaCl but not 4 per cent and 6.5 
per cent. Final pH in glucose broth 
4.5 to 5.2. No growth at pH 9.6. Meth¬ 
ylene blue 0.01 per cent and 0.1 per cent 
not tolerated and not reduced. 

Action on blood: Beta hemolysis. 
Serology: Group C of Lancefield (foe. 
cit.). Cross precipitation with Strepto¬ 
coccus equi. 

Facultative anaerobe. 

Source: Blood stream, inflammatory 
exudates and lesions of diseased animals. 
Not known from man. 

Habitat: Disease process of domestic 
and laboratory animals. (Horse: endo¬ 
metritis, foetus. Hog; septicemia. 
Cow: septicemia, metritis, foetus. 
Fowls: slipped tendon. Guinea pig: 
lymphadenitis. Rabbit: septicemia. 
Fox: pneumonia.) 

3. Streptococcus equl Sand and Jensen. 
{Bacillits adenitis equi Baruchello, Soc. 
Veter, de Venetie, Undine, 1886; Giornale 
di anatomia fisiologica et patologia degli 
animali domestici, Pisa, Sept., 1887; Sand 
and Jensen, Deuts. Ztschr. f. Tiermed., 
IS, 1888, 436, dated December 27, 1887, 
Veterinary Congress, Copenliagen, 1887; 
sometimes incorrectly credited to Schutz, 
Arch. f. wissens. u. prakt. Tierheilkunde, 
U, 1888, 172; Streptococcus cappelletli 
Chester, Manual Determ. Bact., 1901,57; 
Streptococcus coryzae contagiosae equorum 
Schiitz, in Eisenberg, Bakt. Diag., 3 
Aufl., 1891, 270; Streptococcus schdlz, 
Bongert, in Kolle and Wassermann, 
Handb. d. path. Mikroorg., 2 Aufl., 6, 
■'913,208.) From Latin equus, horse. 

Possible synonyms: Streptococcus peri- 
tonitidis equi Hamburger, Cent. f. Bakt., 
I Abt., 19f 1896, 882 {Streptococcus peri- 


ionitidis Migula, Syst. d. Bakt., 2, 1900, 
21); Streptococcus pyogenes equi Hutyra, 
in Lehmann and Neumann, Bakt. Diag., 

7 Aufl., 1927, 221. 

Note; Rivolta (Dei parassiti vegetali 
come introduzione alio studio delle malat- 
tie parassitarie e delle alterazione dell’ 
alimento degli animali domestici. Turin, 
1873,161) described chains of cocci in ade¬ 
nitis scrophula equorum, morbus glandu- 
losus. 

Holth, reported by C. O. Jensen 
(Handb. d. Serumtherapie u. Serum diag- 
nostik in d. Veterinar-med. (Klimmer- 
Wolff-Eisner), 2,1911,223),and Adsersen 
(Cent. f. Bakt., I Abt., Orig., 76, 1915, 
111) studied the fermentation reactions of 
Sand and Jensen’s organism. Review of 
early literature given by Broeq-Rousseau, 
Forgeot and Urbain (Le streptocoque 
gourmeux. Revue de Pathologic Com- 
par6e et d’Hygiene G6n6rale, Paris, 
1925). 

Ovoid or spherical cells: 0.6 to 1 micron 
in diameter, sometimes in pus the long 
axis of the cells are transverse to the 
chain, and sometimes in the axis of the 
chain resembling streptobacilli; bacillary 
forms are not rare; occur in pairs, short 
or long cliains; very long chains common 
in broth cultures. Capsules often 
marked in blood of infected mouse and 
when grown in serum. Gram-positive. 

Gelatin stab: Growth uncertain. No 
liquefaction. 

Nutrient agar: Primary aerobic cul¬ 
tures from pus occasionally fail; growth is 
poor; small, convex, transparent colonies. 
Confluent growth is thin,grayish-white or 
yellowish and more abundant in the con¬ 
densation water. Growth is increased 
particularly by horse protein. 

Broth: Poor growth even in infusion 
broth; growth increased by serum 
(Evans, Jour. Bact., 1936, 541). 

Litmus milk: No change. Not curdled 
and litmus not reduced. 

Acid from glucose, maltose, sucrose 
and salicin. No acid from arabinose, lac¬ 
tose, trehalose, raffinose, inulin, glycerol, 
mannitol or sorbitol. 
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No hydrolysis of sodium hippurate. 
Temperature relations: Optimum tem¬ 
perature 37°C. Growth slow at 20®C. 
No growth at I0'’C or 45°C. Does not 
survive 60°C for 30 minutes. 

Chemical tolerance: Does not tolerate 
6.5 per cent NaCl; final pH in glucose 
broth 4.8 to 5.5. Methylene blue is not 
tolerated 0.01 per cent to 0.1 per cent. 
Inhibited by bile but not soluble. 

Action on blood; On blood-agar, colo¬ 
nies are small and watery, dryout rapidly 
leaving flat glistening colony. Well-de¬ 
fined wide clear zone of hemolysis (beta 
hemolysis). Gronth in serum broth 
gives a hemolysin active on horse cor¬ 
puscles, less so on those of sheep and 
guinea pig. 

Toxin: Subcutaneous injection causes 
necrosis, other evidence of toxin produc¬ 
tion is defective. 

Fibrinolysin: Usually does not lyse hu¬ 
man fibrin; some strains reported to do so. 

Serology: A member of Lanceficld’s 
Group C (Jour. Exp. Med., 57,1933,571); 
cross precipitation with Species No. 2 
(animal pyogenes) of Edwards (Jour. 
Bact., 27,1934,527). Cultures have been 
poor antigens for production of aggluti¬ 
nating serum and results have been un¬ 
satisfactory. Immunized rabbit serum 
may protect mice from infection, to which 
mice are very susceptible. 

Pathogenicity high for white mice, low 
or no virulence for rabbits and guinea 
pigs. 

Facultative anaerobe; growth in pri¬ 
mary culture often better in depth of 
medium. 

Source: Pus from lesions and mucous 
membrane of upper respiratory tract of 
horses. Evidence of occurrence in man is 
unconvincing. 

Habitat: Found only in strangles in 
horses. 

4. Streptococcus equlshnllls Frost and 
Engelbrecht. (Human C, Ogura, Jour. 
Jap. Soc. Vet. Sci., 8,1929,174; Edwards, 
Jour. Bact., 23, 1932, 269; ibid., 25, 1933, 
527; Sherman, Bact. Heviews, 1, 1937,35; 


Frost and Engelbrecht, A Revision of 
the Genus Streptococcus, privately pub¬ 
lished, 1936, 3 pp. and The Streptococci, 
1940, 45.) From M. L., derived to mean 
similar to cgui. 

This species is apt to be confused with 
Streptococcus equi Sand and Jensen, but 
it is not as fastidious in its growth re¬ 
quirements and shows greater tolerance of 
methylene blue, lyses human fibrin and 
ferments glycerol and trehalose. It may 
or may not ferment lactose. 

It is also apt to be confused with jS^rep- 
iococcus pyogenes Rosenbach except for 
its greater tolerance of methylene blue, 
glycerol fermentation and especially 
Lancefield’s serological grouping (Jour. 
Exp. Med., 57, 1933,371). 

Spheres: Gram-positive. 

Gelatin: Not liquefied. 

Litmus milk: Acid, may be curdled; 
litmus not reduced before curdling. 

Acid from glucose, maltose, sucrose, 
trehalose and glycerol; may or may not 
form acid from lactose and salicin. No 
acid from arabinose, raffinose, inulm. 


mannitol or sorbitol. 

No hydrolysis of sodium hippurate but 
may hydrolyze starch and csculin. 
Ammonia is produced from peptone. 
Temperature relations: No growth at 
lO^C and 45°C. Does not survive 60”C 
for 30 minutes. 

Chemical tolerance: Does not tolerate 
6.5 percent NaCl. Final pH in glucose 
broth 5.4 to 4.6; no grow*th at pH 9.6. 
Methylene blue 0.1 per cent not tolerated, 
but Edwards (Kentucky Agr. Exp. Sta¬ 
tion Bull. 356, 1935; confirmed by Davis 
and Guzdar, Jour. Path, and Bact., 
1936,197) finds resistance to 0.0(XX)25 mo¬ 
lar methylene blue in infusion-casein 

digest broth. Rarely grows on 40 per 

cent bile-blood agar. 

Action on blood: Beta hemolysis. 
Fibrinolysin: Dissolves human fibrin. 

Serology: Lancefield (/oc.eft) Group 


Facultative anaerobe. 

Source: Human nose and throat, vagina 

and skin; erysipelas and puerperal fever- 
Uncommon in domestic animals and usu 
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ally associated with other streptococci 
(Edwards, loc. cit). 

Habitat: Human upper respiratory 
tract and vagina. 

Streptococcus dysgalactiae Diernhofer 
(Milchw. F'orsch., 13, 11)32,368), Group II 
Minett (Proc. 12th Internat. Vet. Cong., 

2, 1934,511) and Streptococcus pseudoaga- 
lactiae Plastridge and Ilartsell (Jour. Inf. 
Dis., 61, 1931,114) appear to be identical 
(Little, personal communication). 
Physiologically these organisms are like 
Human C types {Streptococcus equisini’ 
ilis Frost and Engclbrecht) except that 
they are not hemolytic. 

5. Streptococcus agalactlae Lehmann 
and Neumann. (Streptococcus de la 
mammite. Nocard and Mollereau, Ann. 
Inst. Past., I, 1887, 109; Streptococcus 
nocardiTrevisan, Igcneri e le specie delle 
Batteriacee, 1889, 36 (this name rightly 
has priority and is valid but has remained 
unused and it would seem unwise to adopt 
it in place of a name familiar by usage); 
Streptococcus mastitis sporadicae Guille- 
beau and Streptococcus mastitis con- 
lagiosae Guillebeau, Landw. Jahrb. d. 
Schweiz, 4, 1832, 27; abst. in Cent. f. 
Bakt., 12, 1892,101; Streptococcus agalac- 
tiae contagiosae Kitt, Bakterienkunde, 
Wien, 1833,322; Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896, 126; Strep¬ 
tococcus mastitidis Migula, Syst. d. 
Bakt., 2, 1900, 19.) From Greek, want 
of milk. 

According to Hucker and Harrison (N. 
Y. Agr. Exp. Sta. Tech. Bui. 246,1937,9), 
Streptococcus agalactiae Lehmann and 
Neumann is identical with Group I of 
Minett, Stablcforth and Edwards (Jour. 
Comp. Path. andTher., ^6, 1933,131) and 
Group A of Plastridge, Anderson, Brig¬ 
ham and Spaulding (Conn. (Storrs) Agr. 
Exp. Sta. Bui. 195, 1934). 

Description largely taken from Hansen, 
N. Y. Agr. Exp. Sta. Tech. Bui. 232,1935. 

Spherical or ovoid cells: 0.4 to 1.2 mi¬ 
crons in diameter, occurring in chains of 
seldom less than four cells and frequently 
very long; the longer axis of the cells may 


be in the axis of (he chain or may be trans¬ 
verse to it. Chains may appear to be 
composed of paired cocci. Capsules(?). 
Grampusilive. 

Gelatin stab: Gray, filiform growth. 
No liquefaction. 

Nutrient agar: Small gray colonics. 
Broth : Growth is variable in character; 
most frequently a sticky, flaky deposit 
which may adhere to the side of the tube 
but the supernatant fluid is clear; long 
chains are formed. 

Starch broth: May produce yellow to 
orange sediment. 

Litmus milk: Acid followed by cur¬ 
dling. Litmus reduced subsequent to 
curdling and proceeds from the bottom 
upwards. Little or no proteolysis. 

Indole not formed. 

Acid from glucose, maltose, galactose, 
fructose, lactose, sucrose, mannose, dex¬ 
trin and trehalose and at times from 
salicin. No acid from arabinose, raflir 
nose, inulin, xylose, mannitol, sorbitol or 
ainygdalin. Slight amount of acid from 
glycerol. 

Sodium hippurate is hydrolyzed. No 
hydrolysis of starch and esculin. 
Nitrites not produced from nitrates. 
Ammonia is produced from peptone. 
Temperature relations: Optimum tem¬ 
perature 37®C. Range of growth tol¬ 
erance between ]5®C and 40®C. No 
growth at lO^C or 45®C. Does not sur¬ 
vive 60°C for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent NaCl, variable tolerance of 4 percent 
NaCl and does not tolerate 6.5 per cent 
NaCl. Final pH in glucose broth 4.2 to 
4.6; no growth at pH 9.6. Methylene 
blue 0.01 per cent and 0.1 per cent not 
tolerated and not reduced. 

Not soluble in bile and is not inhibited 
by 10 per cent and usually not by 40 per 
cent bile. 

Action on blood: Variable; between I 
and Jof the strains produce a narrow clear 
zone of hemolysis; certain strains de¬ 
scribed as producing greening. The 
hemolytic strains produce an oxygen- 
stable, filterable hemolysin. 




320 


MA^aTAL OF DETERMINATIVE BACTERIOLOGY 


Toxin: No evidence of an erythrogenic 
toxin. 

Fibrinolvsin : Does not dissolve human 
fibrin. 

Serology: Group B of Lancefield (Jour. 
Exp. Med., ht. 1933, 571). Three anti¬ 
genic types have been separated which 
appear to be associated with the carbo¬ 
hydrate and not the protein fraction. 
Facultative anaerobe. 

Source: Isolated from milk and tissues 
from udders infected with mastitis. Oc¬ 
casionally reported from human sources 
(Lancefield, Jour. Exp. Med., 57, 1933, 
571 ;Hare,Jour.Path. Bact.,41,1935,499). 
Habitat: Udder of cattle with mastitis. 

6. Streptococcus sallvarlus Andrewes 
and Horder. (Lancet,1906,712; Sireji- 
iococcu^ cardio-arthrilidis Small, Amer. 
Jour. Med. Sci., I7S, 1927, 103.) From 
Latin salivarius, slimy, clammy; M. L., 
related to saliva. 

Description based on studies by Saf- 
ford, Sherman and Hodge, Jour. Bact., 55, 
1937,263 and Sherman, Niven and Smiley, 
Jour. Bact., 4^, 1943, 249. 

Spherical or ellipsoidal cells, 0.6 to 0.8 
micron in diameter, usually in short 
chains. Long axis of cell lies in axis of 
chain. Cells are relatively large in liquid 
media, especially milk. Gram-positive. 

Gelatin stab: Filiform growth. No 
liquefaction. 

Plain nutrient agar; Colonies white, 
small, not more than 0.5 mm in diameter. 
Notwithstanding rather vigorous growth 
on artificial culture media, cultures die 
out readily. 

Nutrient agar containing 5 per cent 
sucrose or raffinose produces a large, clear, 
soft, mucoid colony about the diameter of 
those produced by coliform bacteria and 
yeasts. This is quite distinctive as no 
other known species of streptococcus 
(except occasional strains of Streptococcus 
hovis) produce colonies of this type on 
sucrose or raffinose agar. The polysac¬ 
charide produced is a soluble levan, some 
strains producing in addition a smaller 


amount of insoluble dextran (the poly¬ 
saccharide in the Streptococcus hovis colo¬ 
nies is a dextran). 

Action on blood agar: Indifferent 
(gamma hemolysis of Brown, Rockefeller 
Inst. Med. Res., Monograph 9, 1919, 8). 
No soluble toxin and no hemolysin has 
been demonstrated 

Broth: Variable. Loose, flocculent de¬ 
posit with clear supernatant fluid and 
long chains, or uniform or granular tur¬ 
bidity with small deposit and short 

chains. No pellicle. 

Litmus milk: Acidified and curdled 

promptly by all lactose-fermenting 

strains. Completely reduced but only 
after curdling. No digestion. 

Potato: Slight growth. Difficult to 

detect. 

Acid from glucose, maltose, sucrose, 
raffinose, inulin and salicin. No aci 
from glycerol, mannitol, sorbitol, arabi- 
nose or xylose. Trehalose and lactose 

usually fermented. 

No hydrolysis of sodium hippurate an 
arginine. Splits escuUn. Starch is not 
hydrolyzed. 

Ammonia is not produced from peptone. 
Chemical tolerance: Tolerates 2 
cent but not 4 per cent NaCI. Final p 
in glucose broth between 4.4 and 4.0. 
No growth at pH 9.6. Methylene blue 
0.01 per cent and 0.1 per cent not to 
crated. Not soluble in bile but inhibite 
by 30 per cent bile in blood agar. 
Catalase not produced. 

Temperature relations: Optimum 
growth 37® to 43®C. Growth at 45 L. 
No growth at 47®C. No growth at 10 L. 
Does not survive 60®C for 30 minutes. 

Facultative anaerobe. 

Serology: No group antigen has been 

demonstrated. Contains several sero 

logical types. 

Source: Saliva and sputum in various 
pulmonary infections, apical abscesses o 
teeth, carious lesions of teeth, intestma 

tract. j 

Habitat: Human mouth, throat ano 

nasopharynx. 
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7. Streptococcus mitis Andrewes and 
Ilorder. (Lancet, 1006, 712.) From 
Latin milts, mild. 

Synonyms: Streptococcus milior sou 
viridans Schottmtiller, Munch, med. 
Wchnschr., 50, 1003, &49 (those names 
refer to a group of species and they are 
therefore confused in meaning in medical 
literature. See Winslow and Winslow, 
The Systematic Relationships of the Coc- 
caceae. New A’ork, 1008, and Safford, 
Sherman and Hodge, Jour. Bact., 33, 1037, 
263). The name Streptococcus mitis was 
first proposed by Frankel (Miincli. med. 
Wchnschr., 52, 1904, 548 and 1868). Be¬ 
cause others have used this name with 
varied meanings {Streptococcus mitis sen 
viridans von Lingelsheim, in Kolle and 
Wassermann, Handb. d. path. Mikroorg., 

2 Aufl., 4, 1912, 453; 5/rep/ococcws mitis 
Holman, Jour. Med. Res., 34,1016,377), 
the more definite emendation of An¬ 
drewes and Horder has been used as the 
basis of the description given here. The 
relationships of these organisms has been 
discussed by Brown, Rockefeller Inst. 
Med. Res., Monograph No. 9, 1919, 86. 

Description based on studies by feaf- 
ford, Sherman and Hodge {loc. ci7.)-and 
Sherman, Niven and Smiley, Jour. Bact., 
45,1943,249. 

Spherical or ellipsoidal cells, 0.6 to 0.8 
micron in diameter. Long axis of cell lies 
in axis of chain. Cells not especially 
large in liquid media including milk. No 
capsules. Gram-positive. 

Gelatin stab; Filiform growth. No 
liquefaction. 

Nutrient agar: Growth increased when 
scrum or blood is added. Confluent 
growth, gray and abundant. 

Action on blood agar : The colonies arc 
surrounded by a characteristic greening 
(alpha hemolysis of Brown, Rockefeller 
Inst. Med. Res., Monograph 9, 1919, 8). 
This is w’eak with some strains and is 
variable under anaerobic conditions. No 
tK)luble toxin and no hemolysin has been 
demonstrated. 

Broth: Variable. Loose, flocculentde¬ 


posit with clear supernatant fluid and 
long chains, or granular turbidity with 
small deposit and short chains. No 
pellicle. 

Idtmus milk: Usually acidified and 
curdled promptly; litmus is completely 
reduced but only after curdling; no di¬ 
gestion. 

Potato: Slight growth which is diflicult 
to detect. 

.\cid from glucose, maltose, lactose, 
sucrose and usually salicin. Variable 
fermentation of raflinosc. No acid from 

inulin, mannitol, sorbitol, glycerol, arabi- 

nose or xylose. Trehalose rarely fer¬ 
mented. 

No hydrolysis of sodium hippurate and 
usually nohydrolysisofargininc. .\ction 
on esculin usually negative. 

Usually ammonia is not produced from 
peptone. 

Chemical tolerance: Tolerates 2 per 
cent but not 4 per cent NaCl. Final pH 
in glucose broth 5.8 to 4.2, avc. 4.5. No 
growth at pH 9.6. Methylene blue 0.01 
per cent and 0.1 per cent not tolerated. 
Not soluble in bile but inhibited by 30 
per cent bile in blood agar. 

Catalase not produced. 

Temperature relations: Optimum 
growth 37* to 40“C. Many strains do not 
growat45*C. Nogrowth at 10 C. Does 
not survive 60°C for 30 minutes. 
Facultative anaerobe. 

Serology: No group antigen has been 
demonstrated. Contains several sero¬ 
logical types. 

Source: Saliva and sputum in various 
pulmonary infections, pus from upper 
respiratory tract and sinuses, blood and 
various organs in sub-acute endocarditis. 

Habitat; Human mouth, throat and 
nasopharynx. 

8. Streptococcus bovis Orla-Jensen 
emend. Sherman. (Orla-Jenscn, The 
Lactic Acid Bacteria, 1919,137; Sherman, 
Bacteriological Reviews, 1, 1937, 57.) 
From Latin bos, cow. 

The majority of the strains of Slreplo- 
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COCCUS inulinaceus may be considered as 
identical with Streptococcus bovis as de¬ 
scribed here. The so-called Bargen 
streptococcus (Bargen, Jour. Amer. 
Med. Assn., 83, 1924, 332; Arch. Int. 
Med., 4^, 1930, 559) is also considered to 
be Streptococcus bovis. 

Spheres; Occurring in pairs and chains. 
Capsulated in milk. Gram-positive. 
Gelatin stab: No liquefaction. 

Litmus milk: .Acid, curdled in 3 to 5 
days, followed by reduction of the litmus. 

Acid from glucose, fructose, mannose, 
galactose, maltose, lactose, sucrose, raffi- 
nose and salicin; sometimes from manni¬ 
tol, sorbitol, inulin, arabinose and treha¬ 
lose. Not from glycerol. 

Starch is hydrolyzed by typical strains 
but not by variety inulinaceus. Esculin 
is hydrolyzed but not sodium hippiirate. 
Nitrites not produced from nitrates. 
Ammonia not produced from 4 per cent 
peptone. 

Temperature relations: Optimum 
temperature 35®C. When freshly iso¬ 
lated, maximum 45®C. No growth at 
22°C or below. Survives C0®C for 30 
minutes, but not 65®C. 

Chemical tolerance: 2 per cent NaCl 
growth, 4 per cent NaCl no growth, 6.5 
per cent NaCl no growth. Final pH in 
glucose broth 4.5 tt) 4.0. No growth at 
pH 9.6. May tolerate 0.01 per cent 
methylene blue but not 0.1 per cent. 
Tolerant of bile and not soluble. 

Action on blood: Not hemolytic; the 
changes exhibited vary from greening 
(alpha) to no observable change (gamma). 
Sol uble hemolysin: Absent. 

Toxin: Absent. 

Serology: Some cross reaction with 
Lanceheld Group D (Sherman, Jour. 
Bact., 35, 1938, 81). 

Facultative anaerobe. 

Distinctive characters: Greening or no 
change in blood; a higher maximum tem¬ 
perature of growth than Streptococcus 
sativarius and distinctly higher thermal 
resistance (60^C for 30 minutes); hy¬ 
drolysis of starch and usually ferments 
arabinose and sometimes mannitol. 


Source: Saliva, feces and intestinal con¬ 
tents of cattle; milk of cows; sometimes 
abundantly present in human feces (Bar- 
gen’s coccus) in health and disease. The 
variety inulinaceus is sometimes abun¬ 
dant in the bovine throat. 

Habitat: Bovine mouth and alimentary 
tract where it is the predominating strep¬ 
tococcus. 

9. Streptococcus thermophilus Orla- 
Jensen. (Maelkeri-Bactcriologi, 1916, 
37; The Lactic .\cid Bacteria, 1919, 136.) 
From Greek thermus, heat; philus, 
loving. 

Spheres; 0.7 to 0.9 micron, with pointed 
ends, occurring singly and in short chains. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Nutrient agar: Small, pin-point, gray, 
circular colonics. In streak cultures 
growth is scanty, beaded and gray. Fas¬ 
tidious in nutritive requirements needing 
appropriate carbohydrates added to pep¬ 
tone-infusion media (especially lactose 
and sucrose). Viability on laboratory 
media low. 

Broth: Fine granular sediment; usu¬ 
ally in very long chains, especially at 
45"C. 

Litmus milk: Acid, curdled, followed 
by partial reduction of the litmus. 

Acid from glucose, fructose, lactose, 
and sucrose; seldom ferments raPfinose 
and arabinose. No acid from maltose, 
dextrin, inulin, glycerol, mannitol, sor¬ 
bitol or salicin. 

No hydrolysis of sodium hippurate or 
esculin. Starch may be hydrolyzed on a 
favorable medium. 

Ammonia not formed from 4 per cent 
peptone. ^ 

Temperature relations: Optimum 40 
to 50“C. Minimum 20"C. No growth 
at 53®C. Survives 60^ and 65®C for 30 
minutes. Thermal death point 72® to 
74®C. 

Chemical tolerance: Extremely sensi¬ 
tive to salt, no growth with 2 per cent, 4 
per cent and6.5 per cent NaCl. Final pH 

in glucose broth 4.5 to 4.0. No growth 
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at pH 9.6. Not tolerant of 0.01 per cent 
and 0.1 per cent methylene blue. 

No action on blcod. 

Serology; No cross reaction with Lance- 
field Group D (Sherman, Jour. Bact., 55, 
1938,81). 

Facultative anaerobe. 

Distinctive characters: High growth 
temperature (50*C) and heat resistance 
(60'* to65°C). Inability to ferment mal¬ 
tose and salicin. Inhibited by 2 per cent 
NaCl. Nutritive requirements in 
medium. 

Source: Milk and milk products. Used 
as a starter in making Swiss cheese. 

10. Streptococcus equinus Andrewes 
and Horder. (Lancet, 2, 1906, 712.) 
From Latin equinus, of horses. 

Spheres: Occurring in short chains; the 
chains are longer in broth than in milk 
and some cultures give extremely long 
chains in broth. Gram-positive. 

Gelatin stab: Little or no growth at 
20'’C. Not liquefied. 

Litmus milk: No visible change, grows 
poorly (with 2 per cent added glucose 
there is little reduction of litmus). 

Acid from glucose, fructose, galactose, 
maltose and usually from sucrose and 
salicin; raffinose and inulin are seldom 
fermented; arabinose, xylose, lactose, 
mannitol and glycerol are not fermented. 
The salicin-negative strains correspond to 
•Streptococcus ignavus Holman, Jour. Med. 
Res., 54, (N.S. 55), 1916, 377. 

Starch is not hydrolyzed under ordi¬ 
nary conditions of test (poured plate); it 
may be hydrolyzed by streak cultures on 
a very favorable medium. Sodium hip- 
purate is not split. Esculin is hy¬ 
drolyzed slowly, failure in three days, 
becomes positive in seven. 

Ammonia not produced from 4 per cent 
peptone. 

Temperature relations:Minimum21 *C. 
Growth at 45®C, seldom at 47®C, and no 
growth at 48®C. Sometimes survives 
60“C for 30 minutes. 

Chemical tolerance: Growth in 2 per 
cent NaCl but not in 4 per cent and 6.5 


percent. Final pH in glucose broth 4.5 
to 4.0; no growth at pH 9.6. Some strains 
tolerate 0.01 per cent but none tolerate 
0.1 per cent methylene blue. 

Action on blood: Greening (alpha on 
horse blood) varying to weak but definite. 
No hemolysis. 

Serology unknown, but no cross reac¬ 
tion with Lancefield Group D (Sherman, 
.lour. Bact., 55, 1938, 81). 

Facultative anaerobe. 

Distinctive characters: Minimum tem¬ 
perature of growth (20°C) and high maxi¬ 
mum temperature of growth (47®C); poor 
growth in milk, even with added glu¬ 
cose; failure to ferment lactose. 

Sources: Human and bovine feces; hu¬ 
man mouth, urine and inflammatory exu¬ 
dates (pathogenicity not establislied). 
Andrewes and Horder (loc. cit.) failed to 
find it in feces of fox and stoat. 

Habitat: Predominating organism in 
the intestine of horses. 

11. Streptococcus lactis (Lister) Loh- 
nis. {Baclerium laclis Lister, Quart, 
•lour. Micro. Sci., 15,1873 , 380; 18, 1878, 
177; Ijbhnis, Cent. f. Bakt., II .\bt., 22, 
1909 , 553.) From Latin lac, milk. 

The following organisms are generally 
regarded as identical with Streptococcus 
lactis Lohnis. See Breed, in Jordan and 
Falk, The Newer Knowledge of Bacteri¬ 
ology and Immunology, Chicago, 1928, 
383. 

Streptococcus acidi lactici Grotenfelt, 
Fortschr. d. Med., 7, 1889, 121; Micro¬ 
coccus acidi paralactici Nencki and Sie- 
ber, Monatschr. f. Chem., 10, 1889 , 532; 
Bacillus No. 19, Adametz, Landw. Jahrb., 
18, 1889 , 227; Eine bestimmte Bacte- 
rienart, Giinther and Thierfelder, Arch, 
f. Hyg., 25, 1895, 164; Bacillus acidi 
lactici Esten, Storrs Agric. Exper. Sta. 
Conn., Ann. Rep. for 1896, 1897, 44 (not 
Milchsaurebacterium, Hueppe, Mitt. d. 
kais. Gesundheitsamte, 2, 1884 , 340, 
which is Bacillus acidi lactici Zopf, Die 
Spaltpilze, 3 Aufl., 1885, 87); Bacterium 
guntheri Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., S, 1896, 197; Bacterium 
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laclis acidi Leichmann, Cent. f. Bakt., 
11 Abt., 2, 1896, 777 (not Bacterium laclis 
acidi Marpniann, Ergiinzungshefte Cent, 
f. allgem. Gesundheitspflege, 2, 1886, 
117); Der ovalcr Coccus, Freudenreich, 
Cent. f. Bakt., II Abt., 1, 1896, 168; 
Bacillus lactictis Kruse, in Fliigge, Die 
Mikroorganismen, 3 .\ufl., 2, 1896, 356; 
Bacterium lacticus Chester, Del. Agr. 
Exp. Sta., 9th Ann. Kept., 1897, 88; 
Bacillus acidi paralactici Kozai, Ztschr. 
f. Ilyg., 31 , 1899, 372; Streptococcus para- 
lacticus Migula, Syst. d. Bakt., 2, 1900, 
18; Bacterium lacticum Migula, Syst. d. 
Bakt., 2, 1900, -105; Bacterium Iruncatum 
Migula, Syst. d. Bakt., 2, 1900, 407 
(Bacillus No. 19 of Adametz; Bacterium 
puncfalum Chester, Man. Determ. Bact., 
1901, 147; not Bacterium truncalum 

Chester, ibid., 157; not Bacterium trun- 
catum Chester, ibid., 195); Streptococcus 
grotenfeltii Chester, Manual Determ. 
Bact., 1901, 67; Lactococcus laclis Bei- 
jerinck, Arch. Nedrl. d. Sci. Exact, et 
Nat., S(5r. II, 7, 1901, 213; Slreplococcus 
lacticus Kruse, Cent. f. Bakt., I Abt., 
Orig., 34 , 1903, 737; Streptococcus gun- 
Ihcri Lehmann and Neumann, Bakt. 
Diag., 4 Aull., 2, 1907, 242; Brtci7Zus 
laclis acidi Sewerin, Cent. f. Bakt., II 
Abt., 22, 1908, 8 (not Baci7/us laclis acidi 
Marpmann, loc. ci7., 120, nor Leichmann, 
loc. cit., 778); Bacterium leichmanni 
Wolff, Cent. f. Bakt., II Abt., 24, 1909, 
57. 

Spheres: Many cells elongated in di¬ 
rection of chain; 0.5 to 1 micron; mostly 
pairs and short chains, with some cultures 
long chains. Gram-positive. 

Gelatin stab: Filiform to beaded 
growth. No liquefaction. 

Nutrient agar colonies: Small, round or 
oval, gray, entire, slightly raised. Streak 
culture tends to remain as definite colo¬ 
nies throughout, confluent in parts. 

Glucose broth: Turbidity and later 
sediment. 

Potato: No visible growth. 

Litmus milk: Acid; complete reduction 
of litmus before curdling. Young cultures 


entirely reduced with narrow red band 
at top which widens with ageing. No 
digestion and no gas produced, but whey 
may be expressed. 

.Acid from glucose, maltose and lac¬ 
tose; variable in arabinose, xylose, mal¬ 
tose, sucrose, mannitol and salicin. No 
acid from raffinose, inulin, glycerol or 
sorbitol. Occasional strains have been 
noted which fail to ferment lactose (Yaw- 
ger and Sherman, Jour. Dairy Sci., 20, 
1937, 83) and others which do ferment 
raffinose (Orla-Jensen and Hansen, Cent, 
f. Bakt., II Abt., 80,1932,6). 

Starch not hydrolyzed. Sodium hip- 
purate may be hydrolyzed and esculin is 
split. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations; No growth at 
45°C. Some strains survive 60®C for 30 
minutes. 

Chemical tolerance: Growth with2 per 
cent and 4 per cent NaCl but not with 6.5 
per cent. Final pH in broth 4.5 to 4.0. 
No growth at pH 9.6 but grows at pH 9.2. 
Tolerates both 0.01 per cent, 0.1 per cent 
and 0.3 per cent methylene blue. Bile 
neither lyses nor inhibits growth. 

Action on blood: No hemolysis; may 
show greening or no action. 

Serology: Sherman, Smiley and Niven 
(Jour. Dairy Sci., 25,1940, 529) have pro¬ 
duced a species-specific group serum for 
this species. Shattock and Mattick 
(Jour. Hyg., 4S, 1943, 173) have desig¬ 
nated this group as Group N. The above 
authors are in agreement in feeling that 
their studies indicate a close serologica 
relationship between Streptococcus lactis 
and Slreplococcus cremoris. Toxin not 
known. 

Facultative anaerobe. 

Distinctive characters; Growth at 10 
or below and at 40'’C but not at 45 » 

rapid complete reduction of litmus before 
curdling milk; growth in presence of 4 per 
cent but not 6.5 per cent NaCI; ammonia 
produced from peptone; no growth at 
pH 9.6 but grows at pH 9.2. 
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Source: Isolated from milk by Lister 
(loc. cit.). Milk and milk products. 

Habitat: Not in the udder of cows. 
Plants may be natural habitat (Stark and 
Sherman, Jour. Bact., 50, 1935, G39). 

Note; The following may be regarded 
as varieties of Streptococcus lactis: (1) 
Streptococcus lactis var. malligenes Ham¬ 
mer and Cordes, Iowa Agr. Exp. Sta. Res. 
Bull.68,1921; Streptococcus lactis var. 
anoxyphilus Hammer and Baker, Iowa 
Agr. Exp. Sta. Res. Bull. 99, 1926; (3) 
Streptococcus lactis var. tardus Hammer 
and Baker, ibid. Also (4) Streptococcus 
amylolaclisf (5) Streptococcus raJp.nolaclis 
and (6) Streptococcus saccharolaciis Orla- 
Jensen and Hansen, Cent. f. Bakt., II 
Abt., 86 , 1932 , 6. 

12. Streptococcus cremorls Orla-Jen- 
sen. (The Lactic Acid Bacteria, 1919, 
132.) From Latin crcmor, thick juice; 
M. L., cream. 

Synonyms: ? Streptococcus hollandicus 
Wiegmann, in Kramer, Die Bakteriologie 
in ihren Beziehungen zur Landwirtscluift 
und den Landw. Technischen Gewcrben, 
Wien, 1890; Streptococcus lactis B, Ayers, 
Johnson and Mudge, Jour. Inf. Dis., 34, 
1934, 29. 

Spheres: 0.6 to 0.7 micron (often larger 
than Streptococcus lactis); forming long 
chains, especially in milk, some cultures 
in pairs. Gram-positive. 

Gelatin stab: No liquefaction. 

Litmus milk: Acid; complete reduction 
of litmus before curdling with red line at 
top broadening with age; clot separates 
with no digestion of casein; milk becomes 
slimy. 

Acid from glucose and lactose; may 
ferment maltose, salicin and rarely su¬ 
crose, raffinose and mannitol. Arabi- 
nose, xylose, sorbitol, inulin and glycerol 
are not fermented. 

No hydrolysis of starch and sodium hip- 
purate but sometimes esculin. 

Ammonia not produced from 4 per cent 
peptone. 

Temperature relations: Optimum be¬ 


low 30®C. Minimum 10*C. Maximum 
37''C. May survive G0°C for 30 minutes. 
Thermal death point C5°C to 70°C. 

Chemical tolerance: Grows with 2 per 
cent but not with 4 per cent and 6.5 per 
cent NaCl. Final pH in glucose broth 
4.6 to 4.0. No growth at pH 9.6 and 9.2. 
Tolerates 0.01 per cent and sometimes 0.1 
und seldom 0.3 per cent methylene blue. 
Action on blood: No hemob'sis. 
Facultative anaerobe. 

Distinctive characters: Inability to 
grow at 40®C; reduction of litmus before 
curdling milk; no growth in the presence 
of 4 per cent NaCl and at pH 9.2; does 
not grow well on artificial media. 

Source: Raw milk and milk products; 
commercial starters in butter and cheese 
factories. Not known from human and 
animal sources. 

The following nmy be regarded as varie¬ 
ties of Streptococcus cremoris: (1) Streps 
tococcus lactis var. hollandicus Buchanan 
and Hammer, Iowa Agr. Exp. Sta. Res. 
Bull. 22,1915; (2) Streptococcus mannitO’ 
cremoris Orla-Jensen and Hansen, Cent, 
f. Bakt.,IIAbt.,S5, 1032,6. 

13. Streptococcus faecalis Andrewes 
and Ilorder. (Micrococcus ovalis Esch- 
erich, Die Darmbakterien, Stuttgart, 
1886, 89; Enterocoque, Thiercelin, 

Compt. rend. Soc. Biol., Paris, 54, 1902, 
1082; Enterococcus proleiformis Thier¬ 
celin and Jouhaud, Compt. rend. Soc. 
Biol., Paris, 65, 1903, 686; Andrewes and 
Horder, Lancet, 2, 1906, 708; Strepto- 
coccus Jaecium and Streptococcus ghjeeri- 
naceus Orla-Jensen, The Lactic Acid Bac¬ 
teria, 1019, 130 and 140; Diplococcus 
enterococcus Neveu-Lemaire, Pri^cis Pa- 
rasitol. Hum., 5th cd., 1921, 18; Strepto¬ 
coccus ovalis Lehmann and Neumann, 
Bakt. Diag., 7 Aufl., 2, 1927, 209 and 230; 
Streptococcus proleiformis Hauduroy et 
al.. Diet. d. Bact. Path., Paris, 1937, 
520.) From Latin faez, dregs, residue; 
M. L., feces, excrement; M. Ij. faecalis, 

fecal. 

Escherich reclassified his Micrococcus 
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ovalis {loc. cit.) as a streptococcus in 
Jahrb. f. Kinderheiik., 4^, 1899, 161. 

According to Gorini (Le Lait, 6 , 1936, 
81) his term Gaslrococcus is a synonym of 
Erderococcna Thicrcelin {loc. cit.), Micro¬ 
coccus ovalis Escherich {loc. cil.) and 
Streptococcus faecalis Andrewes and Hor- 
dcr {loc. cit.). 

Spheres, ovals, of variable size (often 
large), usually occurring in pairs and 
sometimes short chains in fluid media. 
Gram-positive. 

Gelatin stab; Filiform growth. No 
liquefaction. 

Nutrient agar: Small, round, raised, 
milky colonies. Streak culture fairly 
abundant and confluent. 

Broth: Turbid, clearing later with 
abundant sediment. 

Potato: No visible growth. 

Litmus milk: Acid, usually reduction 
of litmus before curdling; no digestion 
of clot. 

Acid from glucose, maltose, lactose, 
salicin and almost always mannitol; may 
or may not ferment arabinose, sucrose, 
raflinosc, glycerol, sorbitol. Inulin is sel¬ 
dom fermented. 

Starch not hydrolyzed; sodium hip- 
purate may be and esculin is hydrolyzed. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations: Optimum 37®C. 
May grow at 5®C and below. Grows at 
10®C and 45®C, seldom grows at 50°C. 
Survives 62.8°C for 30 minutes. 

Chemical tolerance: Tolerates 2 per 
cent, 4 per cent and 6.5 per cent NaCl. 
Final pH in glucose broth 4.4 to 4.0. 
Grows at pH 9.6. Tolerates 0.01 per cent 
and 0.1 per cent methylene blue. Bile 
does not lyse or inhibit growth. 

Action on blood; Usually greening; 
sometimes no change. 

Toxin unknown. 

Serology: Lancefield’s Group D (Sher¬ 
man, Jour. Bact., 55,1938, 81). 
Facultative anaerobe. 

Distinctive characters: Growth at 10®C 
and 45®C; survives 60®C for 30 minutes; 
reduction of litmus before curdling milk; 


growth at pH 9.6, in the presence of 6.5 
per cent NaCl, and 0.1 per C 2 nt methyl¬ 
ene blue; not hemolytic and does not 
liquefy gelatin. 

Source: Human feces and intestinal 
contents; inflammatory exudates; blood 
stream in subacute endocarditis; Euro¬ 
pean foul-brood of bees; milk and milk 
products, especially cheese; garden 
plants. 

Habitat: Human intestine, milk and 
milk products. 

14. Streptococcus Ilquefaciens Stern¬ 
berg emend. Orla-Jcnsen. (Sternberg, 
Manual of Bacteriology, 1893, 613; Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
1-12). From Latin Uquefaciens, lique¬ 
fying. 

Synonyms: Micrococcus casei amarx 
Freudenreich, Landw. Jahrb. d. Schweiz, 
8, 1891, 136; Streptococcus apis Maas- 
sen, Arb. Biol. Abt. f. Land- u.'Forst- 
wirtsch. a.d.k. Gesundheitsamte, 5, 

1908, 53 (as shown by Hucker, N. 
Agr. Exp. Sta. Tech. Bull. 143, 1928, 40 
and 190, 1932, 17); Bacillus (pinthen 
Cowan, British Bee-Keepers Guide 
Book, 20th cd., London, 1911, 171; 
Streptococcus coli gracilis Escherich, 
Die Darmbakterien des Sauglings und 
ihre Beziehungen zur Physiologic der 
Verdauung, 1886, 77 {Streptococcus gra¬ 
cilis Lehmann and Neumann, Bakt. 
Diag., 1 .\ufl., 2, 1896, 118). 

As explained by Hucker (N. Agr. 
Exp. Sta. Tech. Bull. 144, 1928, 6), some 
of the acid proteolytic cocci first de¬ 
scribed by Gorini in 1902 {loc. cit.) arc 
gelatin-liquefying streptococci identical 
with Streptococcus liquefaciens. Also see 
Long and Hammer, Iowa Agr. Exp. Sla- 
Res. Bull. 206, 1936, 219. The following 
names have been used for these strepto¬ 
cocci; Bactfiries productrices d’acide et 
de prfisure, Gorini, Rev. g6n. du Lait, if 
1902, 173; Micrococcus casei liquefaciens 
Orla-Jensen, Cent. f. Bakt., II Abt., i^> 
1904,430; Micrococcus casei acido-proteo- 
lyticus I (liquefies gelatin) and Micro^ 
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coccus casei ad'lo-proleoUjlicus II (does 
not liquefy gemtin) Gorini, Rev. g6n. 
du Lait, 8 , 1910, 337 {Micrococcus casei 
proteolyticus I and II Gorini, Rend. 
Accad. Lincei, Ser. 5, 19, 1910, II Sem., 
160); Coccus acido-proleolyticus casei I 
and Coccus acido-proleolyticus casei II 
Gorini, Rev. g6n. du Lait, 9, 1912, 97. 
The terms Mainmococcus and Caseococcus 
have also been used for these cocci by 
Gorini, Le Lait, 6 , 1926, 81; Mammo- 
coccus acidoproteolyticus Gorini, Act. P. 
Accad. Sci. Nov. Lync., Vatican City, 
88 , I Sess., 1934,42. 

Spheres: Usually in pairs, sometimes 
short chains. Gram-positive. 

Gelatin stab: Liquefaction and profuse 
growth; liquefaction fails in occasional 
variants but these are nevertheless 
Lancefield group D and have the other 
characters of the species. (See Sherman, 
Stark and Mauer, Jour. Bnct., 33, 1937, 
492.) 

Litmus milk: Acid; curdled and pep¬ 
tonized; the litmus is reduced completely 
before acidulation and curdling ; caseoly- 
sis fails in variants not liquefying gelatin 
(Sherman, Stark and Mauer, loc. cil., 
486). Gives milk bitter taste. 

Acid from glucose, maltose, sucrose, 
lactose, trehalose, mannitol, sorbitol, 
salicin and glycerol (rare failure from 
sucrose and glycerol); variable fermenta¬ 
tion of arabinose and raffinose Inulin 
not fermented. 

Starch not hydrolyzed, sodium hip- 
purate may be and esculin is hydrolyzed. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations: Growth at 10®C 
and 46®C, occasional growth at 50®C. 
Survives BO^C and 62.8®C for 30 minutes. 

Chemical tolerance: Tolerates 2, 4 and 
6.6 per cent NaCl; final pH in glucose 
broth 4.6 to 4.0; growth at pH 9.6; toler¬ 
ates 0.01 per cent and 0.1 per cent me¬ 
thylene blue. Bile tolerant. 

Action on blood: No change or green¬ 
ing (alpha). Human fibrin not lysed. 

Serology: Lancefield Group D (Sher¬ 
man, Jour. Bact., 65,1938,81). 
i Fftoultative anaerobe. 


Distinctive characters: Growth at 
10®C and 45°C; resistance to G0°C; growth 
in presence of 6.5 per cent NaCl, O.l per 
cent methylene blue and at pH 9.6. 
Ammonia produced from peptone. 
Strong reduction of litmus before acidula¬ 
tion of milk, which is afterwards curdled 
and peptonized; gelatin is liquefied; 
marked proteolysis. Low final pH in 
glucose broth. Fermentation of glyc¬ 
erol and mannitol. 

Source: Originally isolated by Stern¬ 
berg from a cadaver. Dairy and other 
food products. Foul brood of bees. 
Plants, feces, human vagina, blood in 
subacute endocarditis. 

Habitat: Human and animal intestine. 

15. Streptococcus zyraogenes (Mac- 
Callumand Hastings) Holland. (Micro¬ 
coccus zymogenes MacCallum and Hast¬ 
ings, Jour. Exp. Med., 4, 1899, 521; 
Holland, Jour. Pact., 5, 1920, 226; 
Staphylococcus zymogenes Ford, Textb. of 
Bact., 1927, 425.) From Greek zyme, 
ferment and -genes, producing. 

This species shows the same character¬ 
istics as .Streptococcus liquefaciens except 
as given below. The two species have 
sometimes been regarded as identical 
(Bergey et al., Manual, 3rd ed., 1930, 
59). 

Gelatin stab: May or may not liquefy 
gelatin. Otherwise as in Streptococcus 
liquefaciens. 

Action on blood: Beta hemolytic. 
Source: Originally isolated from an 
acute case of endocarditis. 

Habitat: Human and animal intestine. 

16. Streptococcus durans Sherman and 
Wing. (Slreptococcua hemolhermophilus 
Sherman and Wing, Jour. Dairy Sci., 18, 
1935, 657; original name withdrawn by 
Sherman and Wing, Jour. Dairy Sci., 20, 
1937, 165.) From Latin rfurans, re¬ 
sisting. 

Spheres: Occurring in pairs and short 
chains, more rarely in long chains. 
Gram-positive. 

Gelatin stab: No liquefaction. 
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Litmus mi)k: Acid; curdled, followed by 
reduction of litmus. 

Acid from glucose, maltose, lactose, 
and usually salicin and trehalose. Rafli- 
nose, inulin, sorbitol, arabinose, glycerol 
not fermented and mannitol and sucrose 
rarely fermented. 

Starch not hydrolyzed. Sodium hip- 
purate and esculin are hydrolyzed. 

Ammonia is produced from 4 per cent 
peptone. 

Temperature relations: Growth at 
10“C. Maximum 50°C. Survives heat¬ 
ing for 30 minutes at G2.8®C and usually 
Co.G'C. 

Chemical tolerance : Growth with 2 per 
cent, 4 per cent and G.5 per cent NaCl. 
Final pH in glucose broth 4.5 to 4.0. 
Growth at pll 9.G. Tolerates 0.01 per 
cent and 0.1 per cent methylene blue. 

Action on blood: Active hemolysis of 
beta type (horse, human and rabbit 
blood); persistent after 5 years culture on 
media without blood. 

Toxin unknown. Non-pathogenic for 
mice, rabbits and guinea pigs. 

Serology: Lancefield’s Group D (Sher- 
n\nn, Jour. Bact., 35, 1938, 81). 
Facultative anaerobe. 

Distinctive characters: Growth at lO^C 
and 45*C; beta hemolysis; failure to fer¬ 
ment sucrose and mannitol; resistance to 
60®C for 30 minutes; tolerance of 0.1 per 
cent methylene blue and 6.5 per cent 
NaCI. 

Source: Forty strains were isolated 
from spray process milk powder. 

Habitat: Human intestine, milk and 
milk products. 

*17. Streptococcus anaerobius Kronig 
emend, Natvig. (Kronig, Zent. f. Gyn., 
1895; Natvig, Arch. f. Gyn., 1905, 76.) 
From Greek an, without; aer, air; bios, 
life; M. L., anaerobic. 

Heurlin (Bakt. Unters. d. Keimgehaltsea 
im Genitalkanale d. fiebernden Wochne- 
rinnen. Helsingfors, 1910, 122-127) rec¬ 
ognizes the following varieties of Strepto¬ 
coccus anaerobius: S, anaerobius 
vulgaris, S. anaerobius typ. vulgaris, S. 


anaerobius gonoides, S. anaerobius 
(Wegolius No. 28), S. anaerobius micros 
(Lewkowicz), and S. anaerobius carduus. 

Description according to Provot, Ann. 
Sci. Nat., Ser. Bot., 15, 1933, 180. 

Spheres: Average size 0.8 micron, oc¬ 
curring in chains. Non-motile. Gram- 
positive. 

Gelatin: No liquefaction. 

Semi-solid agar (Veillon): After 48 
hours colonics 1 to 2 mm in diameter, very 
regular, lenticular. Gas produced. 
.Vgar slightly acidified. 

Martin broth: Rapid growth. No tur¬ 
bidity. Sediment in 24 hours. Medium 
slightly acidified. Feeble production of 
gas. Slight fetid odor. 

Martin glucose broth: Very abundant 
growth. Gas fetid, inflammable, no HjS. 
Very marked acidification. 

Peptone water: Abundant flocculent 
growth. Gas produced at expense of pep¬ 
tone. Medium not acidified. Neither 
indole nor IKS produced. 

Meat and liver broth: Very abundant 
growth. Much gas produced which con¬ 
tains CO? and Hj. 

Milk: No acid. No coagulation. 

Cooked protein (egg white, meat, liver, 
fibrin and serum) not attacked. Fresh 
fibrin and fresh organs partially disinte¬ 
grated with blackening, abundant gas, 
very fetid odor due in part to HaS. 

Serum broth: Abundant gas and fetid 
odor. 

Neutral red broth: Changed to fluores¬ 
cent yellow. 

Acid from glucose, fructose, galactose, 

sucrose and maltose. Mannitol an 
arabinose sometimes fermented. 

. Optimum pH 6.0 to 8.0. ^ 

Temperature relations: Optimum 36 
to SS^C. Grows at 26®C, but not below 
22°C. Survives 5 minutes at 60®C or 
two minutes at 80®C. Killed in ten 
minutes at 80®C. 

Pathogenic. 


Strict anaerobe. 

Distinctive characters: Very pepto- 
lytic; gas produced in peptone water wit 
destruction of the peptone. Differs fr^ 


• See footnotes, p. 308. Reviewed by Dr. Ivan C. Hall. 
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Streptococcus fociidus by being mor¬ 
phologically like a typical streptococcus. 
Differs from Streptococcus putridus by its 
physiology, bread crumb-like growth, and 
the production of gas in all media. 

Source: Isolated in cases of putrefac¬ 
tive gangrene; war wounds; uterus, lochia 
and blood in puerperal infections; ap¬ 
pendicitis; pleurisy; and amniotic fluid. 

Habitat: Mouth and intestines. 
Cavities of man and animals, especially 
the vagina. Can invade all tissues. 

18. Streptococcus foetidus (Veillon) 
Pr6vot. {Micrococcus foetidus Veillon, 
Compt. rend. Soc. Biol. Paris, 45, 1893, 
867; not Streptococcus foetidus Migula, 
Syst. d. Bakt., 2, 1900, 38; Pr(Svot, Ann. 
Sci. Nat., Sdr. Bot., 15, 1933,189.) From 
Latin foetidus (better fctidus), stinking. 

Large spheres: 0.8 to 1.0 micron, oc¬ 
curring normally in short chains, also in 
tetrads, double or zig-zag chains. Non- 
motile. Gram-positive. 

Gelatin: No liquefaction. 

Semi-solid agar (Veillon): Slow growth. 
At first punctiform; small colonies i to i 
mm in diameter, growing 1 to 2 cm below 
the surface, regular, thick, lenticular, 
opaque. Gas bubbles produced. 

Blood agar: Small brownish heino- 
peptic zone around the colonies. No 
true hemolysis. 

Martin broth: Poor growth. No tur¬ 
bidity. Flakes form on wall of tube, but 
rapidly settle to the bottom. Little or 
no gas. Very faint fetid odor. 

Martin glucose broth: Good growth. 
No turbidity. Gas fetid, inflammable. 

Meat and liver broth: llapid, abundant 
growth. Abundant gas. Strong fetid 
odor. 

Milk: No acid. No coagulation. 
Peptone water: Gas production feeble. 
Indole not formed. 

Neutral red broth changed to fluores¬ 
cent yellow. 

Fresh orj^ns become green, then 
blacken. Much gas produced containing 
HjS, later the organs are gradually disin¬ 


tegrated; partial bioprotcolysis and ILS 
fermentation. 

Cooked protein not attacked. 

•Vcid and gas from glucose, fructose, 
galactose and sucrose. No acid from 
lactose, maltose, arabinose, glycerol, man¬ 
nitol, dulcitol or starch. 

Temperature relations; Optimum 36® 
to 38®C. Feeble growtli at 26®C. No 
growth below 22®C. Killed in one hour 
at G0®C or in ten minutes at 80®C. 
Optimum pH 6.5 to 8.0. 

Pathogenic for guinea pigs and mice. 
Strict anaerobe. 

Common in fetid suppurations and 
autogenous gangrenous processes. 

Source: First isolated from a fatal case 
of Ludwig’s angina. Perinephritic 
plilcgmon; the fetid pus from Bartliolin’s 
gland; gangrene of the lung; appendicitis. 

Habitat; Mouth, intestine and vagina 
of man and animals. 

18a. Streptococcus foetidus var. buccalis 
Prevot. (Einen Micrococcus der Mund- 
hohle, Ozaki, Cent. f. Bakt., I Abt., 
Grig., 70, 1915, 118; Micrococcus buccalis 
Bcrgey et al., Manual, 1st ed., 1923, 69, 
Pr6vot, Ann. Sci. Nat., Ser. Bot., 15, 
1933, 193.) From month. 

19. Streptococcus putridus Schott- 
miillcr emend. Prevot. (Schottmuller, 
Mitteil. a. d. Grenzgeb. d. Med. Chirurg., 
21, 1910, 450; Pr6vot, Ann. Sci. Nat., 
Ser. Bot., 15, 1933, 170, 18-1.) From 
Latin putridus, rotten, decayed. 

Synonym; Streptococcus putrificus 
Schottmuller, Mtinch. med. Wochnschr., 
ea, 1921,662. 

Spheres: Average size 0.8 micron, oc¬ 
curring in chains. Gram-positive. 
Gelatin; No liquefaction. 

Semi-solid agar (Veillon): More or less 
lenticular; colonies 1 to 2 mm in diameter. 
No gas produced. 

Blood agar: A blackish-brown hemo- 
pcptic zone is produced around the 
colonics, with fetid gas (ILS). Colonies 
become brownish, sometimes blackish. 
Martin broth: In 6 to 8 hours uniform 
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turbidity which does not precipitate 
completely. No gas. Little odor. 

Martin glucose broth: Rapid abun¬ 
dant growth. Uniform turbidity. Sedi¬ 
ment. No gas. Slight fetid odor. 
Black pigment in the sediment. 

Meat and liver broth: Very abundant 
growth, very marked putrid odor. In¬ 
complete sedimentation. 

Peptone water: Sparse growth. 

Neither gas, odor, IRS nor indole. 

Milk: No acid. No coagulation. 

Cooked protein not attacked. 

Deep blood agar: .Agar is broken by the 
gas (HiS). 

Fresh blood broth: Abundant gas 
which contains a large amount of H-S. 
Blood blackens rapidly, has typical 
putrid odor. 

Fresh fibrin broth: The fibrin is broken 
up and partially digested. 

Neutral red changed to fluorescent 
yellow. 

Lead media blackened. 

Acid from glucose, fructose and mal¬ 
tose. Acid sometimes produced from su¬ 
crose, mannitol and galactose. 

Optimum pH 7.0 to 8.5. 

Temperature relations: Optimum 36® 
to 38®C. Growth feeble at 28®C. No 
growth below 22®C. Killed in ten 
minutes at 80®C. 

Pathogenic when grown in media with 
fresh tissue and body fluids. 

Strict anaerobe. 

Distinctive characters: Putrescence 
but absence of gas in ordinary media; 
presence of gas and HzS in media with 
fresh tissue or body fluids. 

Source: Normal and fetid lochia, blood 
in puerperal fever, gangrenous appendi¬ 
citis, gangrene of the lung, in gas gan¬ 
grene, gangrenous metastases; war 
wounds; osteomyelitis; and from amni- 
otic fluid. Found in sea water by Mon- 
tel and Mousseron (Paris M6dical, 1929). 

Habitat: Human mouth and intestine 
and especially the vagina. 

20. Streptococcus lanceolatus Pr^vot. 
(Coccus lanceolatus anaerobius Tissier, 


Compt. rend. Soc. Biol. Paris, 94, 1926, 
447; Pr6vot, .Ann. Sci. Nat., S6r. Pot., 
15, 1933, 173 and 193; not Streptococcus 
lanceolatus pasteuri nor Streptococcus 
lanceolatus Gamaleia, Ann. Inst. Past., 
2, 1888, 440: not Streptococcus lanceolatus 
Saito, Arch. f. Plyg., 75, 1912, 121.) 
Although Prdvot’s name is invalid, it is 
used until further comparative studies 
have been made. From Latin lanceolatus, 
having a little lance, pointed. 

Large ovoid cells: 12 to 1.4 microns 
with pointed ends, occurring in short 
chains in culture and in pairs in e.xudates. 
Non-motile. Gram-positive. 

Gelatin: No liciucfaction. 

Deep agar colonies: Very large, lentic¬ 
ular. Abundant g:is produced which 
breaks up the medium. 

Peptone broth: Uniform turbidity. 
Granular, glairy sediment. 

Peptone water: Good growth. Gas 
produced. 

Milk: No change. 

Protein not attacked. 

Hydrolyzed albumen reduced to COi, 

(NIDcCOaand Nil,. 

.Acid from sucrose, glucose and starch. 
No acid from lactose. (Butyric, valeri¬ 
anic and acetic acid are produced, in the 
proportions 2:1:trace, from glucose and 
sucrose.) 

Non-pathogenic for laboratory animals- 

Optimum temperature 37®C. 

Strict anaerobe. 

Distinctive characters: Proteolytic 
and saccharolytic; produces ammonia 
from hydrolyzed proteins; butyric, 
valerianic and acetic acid produced from 
hexoses. No HaS produced. 

Source: From human feces in a case o 

diarrhoea. 

Habitat: Putrefying materials. 

21. Streptococcus micros Pr6vot. 
(Streptococcus anaerobius micros Le"'' ® 
wicz. Arch. M^d. Exp., IS, 1901, 0^ > 
Pr^vot, Ann. Sci. Nat.,S6r. Bot., IS, 193o, 
193; also see Weiss and Mercado, Jou^ 
Inf. Dis., 62, 1938, 181.) From Gree* 
mtcrus, small (old spelling, micros)’ 
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Very small spheres: 0.2 to 0 4 mirron, 
occurring in long chains or in pairs. Non- 
motile. Omm-positive. 

Gelatin; Poor growth. No lique¬ 
faction. 

Semi-solid agar (Vcillon): Slow 
growth; colonies at first punctiform. be¬ 
coming lenticular and later forming proc¬ 
esses into the medium. Average size 
0.5 to 1.0 mm in diameter, some reach 
2 to 3 mm growing 2 or 3 cm below tlm 
surface. 

Blood agar: No hemolysis. No hemo- 
peptolysis. 

Martin broth: Slight particulate tur¬ 
bidity which slowly settles. 

Meat and liver broth: Rapid growth. 
Abundant sediment. 

Peptone water: Powdery sediment. 
Medium not acidified. No indole formed. 

Neutral red broth: Changed to fluores¬ 
cent yellow. 

Milk; Grows with difficulty. No acid. 
No coagulation. 

Acid produced rapidly from glucose, 
fructose, galactose, sucrose and maltose. 
No acid from lactose, arabinose, glycerol, 
mannitol, inulin and starch. 

Protein not attacked. 

Optimum pH about 7.0. 

Optimum temperature 36^* to 38®C. 
No growth at 22®C. Killed in a quarter 
of an hour at 60®C. 

Non-pathogenic for mice. 

No toxin and no hemolysin. 

Strict anaerobe. 

Distinctive cliaracters: Neither gas 
nor fetid odor produced. Small size. 

Source: Gangrene of the lung; lochia 
and uterus in puerperal sepsis; ap¬ 
pendicitis. 

Habitat: Mouth and intestine of man 
and animals. 

22. Streptococcus parvulus Weinberg, 
Nativelle and Pr6vot. (Streptococcus 
parvulus non liquefaciens Repaci, Compt. 
rend. Soc. Biol., Paris, 68 , 1910, 528; 
Weinberg, Nativelle and Pr6vot, Les 
Microbes Ana^robies, 1937, 1011; not 
Streptococcus parvulus Iievintbal, Cent. 


f. Bakt., I Abt., Orig., 106, 102S, 195.'i 
From Latin parvulus, very small, minute 
Small spheres; .\verage size 0.3 to 0.4 
micron, occurring in sliort chains, some¬ 
times in pairs. Non-motilc. Gram¬ 
positive. 

Gelatin: .\t 37®C slow growth, culture 
at bottom of the tube; no gas. No lique¬ 
faction. 

Deep glucose agar colonies: After 48 
hours very tiny, lenticular, wlntish. Old 
colonies become blackened. No gas pro¬ 
duced. 

Broth: Rapid turbidity. Sediment 
forms in 5 or 6 days as a wliitLsh, mucous 
mass which clears the fluid. No gas. 
Faint disagreeable odor. 

Indole not formed. 

Milk: Coagulation in 24 Imurs. 

Egg white not attacked. 

Feebly attacks glucose and lactose. 
Does not attack sucrose, galactose and 
dextrin. 

Optimum temperature 37°C. No 
growth at room temperature. Will grow 
at 4rC. 

Strict anaerobe. 

Distinctive characters; Differs from 
Streptococcus micros by its black colonics, 
coagulation of milk and its feeble sac- 
charolytic power. Differs from Strepto¬ 
coccus inlermedius by its black colonies, 
tl»e smallness of its elements, feeble sac- 
charolytic power and tlie viscous sedi¬ 
ment in broth. 

Source: Respiratory tract. 

Habitat: Unknown. 

Veillon and Repaci identified this or¬ 
ganism as Streptococcus micros, but 
Weinberg, Nativelle and Pr6vot consider 
it as a distinct species, although rare. 

23. Streptococcus intermedius Prevot. 
(Ann. Inst. Past., S9, 1925, 430.) From 
Ijatin intermedius, intermediate. 

Description taken in part from Pr6vot, 
Ann. Sci. Nat., Ser. Bot., 16, 1933, 197. 

Spheres: 0.5 to 0.7 micron, very long 
chains in culture. Non-motile. Gram- 
positive. 
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Gelatin: Poor growth. No lique¬ 
faction. 

Semi-solid agar (Veillon): After 24 
hours colonies 1 to 2 mm in diameter, reg¬ 
ular, lenticular; sometimes with complex 
processes. 

Blood agar: No change or slight 
greening. 

Martin broth: Rapid growth. Uni¬ 
form turbidity which slowly settles. 

Martin glucose broth: Abundant 
growth. Abundant sediment. Medium 
strongly acidified. 

Peptone water: Particulate sediment. 
Milk: Very acid. Coagulated in 24 
hours, without retraction of clot and not 
peptonized. 

Serum broth (1:2): Rapid growth. 
Coagulation by acidification. 

Proteins not attacked. 

Neutral red broth: Changed to fluores¬ 
cent yellow. 

Acid from glucose, fructose, galactose, 
maltose and lactose. Acid from sucrose 
by some strains. The acid produced is 
lactic acid. No acid from arabinose, 
glycerol, mannitol, dulcitol, inulin or 
starch. 

Optimum pH 6.0 to 8.5. 

Temperature relations: Optimum 36® 
to 38®C. Poor growth at 26®C. No 
growth below 22®C. Killed in half an- 
hour at 70®C or in ten minutes at 80°C. 

Pathogenic for guinea pigs and mice, 
causing small abscesses; sometimes kills 
in 48 hours. 

No toxin and no hemolysin. 

Strict anaerobe. 

Distinctive characters: Strongly acidi¬ 
fies media. Coagulates milk. 

Source: Lochia and uterus in puerperal 
sepsis; gangrene of the lung; pleurisy; 
bronchiectasis; appendicitis. 

Habitat: Human respiratory and di¬ 
gestive tracts and vagina. 

24, Streptococcus evolutus Pr4vot. 
(jStrepiococcus Sch.^ Graf and Wittneben, 
Cent. f. Bakt., I Abt., Orig., SS, 1925, 
443; Strepiococciis Schwarzenbeckf Ford, 
Textb. of Bact., 1927,455; also see Weiss 


and Mercado, Jour. Inf. Dis., 68, 
1938, 181.) From Latin evolutus, un¬ 
rolled. 

Description taken in part from Prevot, 
Ann. Sci. Nat., Ser. Bot., 15, 1933, 
199. 

Spheres: 0.7 to 1.0 micron, average 0.7 
micron, occurring in pairs or in short and 
long chains. Pleomorphic. Often ap¬ 
pear as short ovoid rods with rounded 
ends. Gram-positive. 

Gelatin: Liquefaction. 

Deep agar colonies: Lenticular or 
rosettes. Growth occurs about 1 cm 
beneath the surface; after a transfer the 
second generation may show a ring of 
growth in the middle of this sterile zone. 
This is the characteristic alternate zones 
appearance. Colonies usually become 
brownish with age. 

Glucose broth: Abundant growth, re¬ 
sembling bread crumbs. Medium 
strongly acidified (pH 5). A small quan¬ 
tity of lactic acid produced. 

Peptone broth: Rapid growth, ^o 
general turbidity. Precipitating floccu- 
lent growth on the wall of the tube. 

Blood agar: No change, sometimes 
greening. 

Peptone water: Flocculent growt 
No turbidity. Indole not formed. 

Litmus milk: Acid. Curdled in 
hours, clot retracts and fragments. 
Slight peptonization with some strains. 

Strongly acid in glucose, fructose, 
galactose, sucrose, lactose and maltose. 
Arabinose sometimes fermented. 

Egg white not attacked. 

Pathogenicity: Most strains not pn 
thogenic, some produce slight local swel 
iiig subcutaneously with little pua m 
guinea pigs and mice. 

Optimum pH 6.0 to 8.5. 

Optimum temperature 36 to 

No growth below 22®C. . 

Strict anaerobe at first, becoming facu 
tative with subsequent transfers. 

Viability short aerobically and sever 

months anaerobically. . , 

Distinctive characters: Growth m 
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ternate zones in agar. Strict anaerobe 
at first, later microaerophilic. 

Source: Skin abscess; appendicitis. 
Habitat: Respiratory tract, mouth, 
vagina. 

Appendix I: Descriptions of poorly de¬ 
fined species, the taxonomic relation¬ 
ships of which are not clear. 

1. Streptococcus sp. Long and Bliss. 
(Minute beta hemolytic streptococcus, 
Long and Bliss, Jour. Exp. Med., 60, 
1934, 619; Tx)ng, Bliss and Walcott, ibid., 
633.) 

Minute cocci, half to two-thirds the size 
of Streptococcus pyogenes-, occurring 
singly, in pairs, short chains and in small 
and large masses. Gram-positive, but 
may decolorize readily. 

Blood agar: Very minute colonies 18 
to 30 microns, surrounded by a marked 
area of hemolysis (beta), easily visible 
before the colony is seen by naked eye, 4 
to 10 times the diameter of the colony. 
Under the microscope colonies are finely 
granular, may appear wrinkled and 
crenated. Colonics become visible after 
48 to 96 hours incubation and relative 
area of hemolysis is 3 to 4 times diameter 
of colony. 

Gelatin: Not liquefied. 

Glucose broth: Growth diffuse, 
abundant. 

Litmus milk: Not curdled; litmus not 
reduced. 

Acid from glucose, maltose and su¬ 
crose; may or may not attack lactose, 
trehalose and salicin. No acid from 
arabinose, raffinose, inulin, glycerol, man¬ 
nitol or sorbitol. 

Does not hydrolyze sodium hippurate 
and starch. Esculin is hydrolyzed. 
Ammonia is produced from peptone. 
Temperature relations: No growth at 
10“C, very rarely growth at 45‘’C. Does 
not survive 60®C for 30 minutes. 

Chemical tolerance: Does not tolerate 
6.6 per cent NaCl. Final pH in glucose 
broth 6.4 to 4.6; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tolerated. 
No growth on 40 per cent bile-blood agar. 


Action on blood; Hemolysis marked 
before colony is visible. May not pro¬ 
duce soluble hemolysin by ordinary meth¬ 
ods but does so abundantly by appropriate 
methods. 

Fibrinolysin: No solution ol human 
fibrin. 

Serology: Constitutes Group F of 
Lancefield and Hare (Jour. Exp. Med., 
61, 1935, 335). Four serological types 
within the group (Bliss, Jour. Bact., 28, 
1937, 625). 

Aerobe, facultative anaerobe. 

Source: Human throat in health and 
disease, accessory sinuses, abscesses, 
vagina, skin and feces. 

Habitat; Human upper respiratory 
tract. 

2. Streptococcus sp. Long and Bliss. 
(Group II, Long and Bliss, Jour. Exp. 
Med., 60, 1934, 633; Group G, Lancefield 
and Hare, Jour. Exp. Med., 61, 1935, 
346; Bliss, Jour. Bact., 33, 1937, 625.) 

Probably identical with Sireplococcus 
anginosus Andrewesand Ilorder (Lancet, 
2, 1906, 712) but probably other serolog¬ 
ical types are included in this group 
(Sherman, Bacteriological Reviews, 1, 
1937, 40). 

Spheres: Gram-positive. 

Gelatin: Not liquefied. 

Litmus milk: Acid, may be curdled, 
not reduced. 

Acid from glucose, maltose, sucrose, 
trehalose and salicin; usually acid from 
lactose, and may or may not from ralli- 
nose and glycerol. No acid from arab¬ 
inose, inulin, mannitol or sorbitol. 

Sodium hippurate usually not hydro¬ 
lyzed. May hydrolyze starch and 
esculin. 

Ammonia is produced from peptone. 
Temperature relations: No growth at 
10°C and usually not at 45®C. Does not 
survive 60®C for 30 minutes. 

Chemical tolerance: Docs not tolerate 
6.5 per cent NaCl. Final pH in glucose 
broth 6.0 to 4.6; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tol- 
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erated. May grow on 40 per cent bile- 
blood agar, growth in 10 per cent bile. 

Action on blood: Hemolytic (beta) 
with a wider zone than minute beta 
hemolytic streptococcus. Soluble hemol¬ 
ysin formed. 

Fibrinolysis: May dissolve human 
fibrin, certain strains strongly, others 
weakly. 

Serology: Constitutes I>ancefield’s and 
Hare’s Group G. Bliss {loc. cil.) has 
shown serological Types I and II within 
the group. May include serological Type 
16 of Griffith (Jour. Hyg., 54, 1934, 
542). Those resembling Slre^lococcus 
anginosus seem to form a homogeneous 
type; others seem unrelated to it. 

Aerobic, facultative anaerobe. 

Source: Human nose, throat, vagina, 
skin and feces in health. In human dis¬ 
ease in puerperal fever with staphylo¬ 
coccus. Throat of normal domestic ani¬ 
mals and in animal infections probably 
as secondary invaders. 

Habitat: Human upper respiratory 
tract and vagina. Possibly throat of 
domestic animals. 

3. Streptococcus sp. Brown, Frost and 
Shaw. (Jour. Inf. Dis., 35, 1926, 381; 
Lancefield, Jour. Exp. Med., 57, 1933, 
671.) 

Belongs to Lancefield Group E. 

Gelatin: Not liquefied. 

Litmus milk: Not curdled and not re¬ 
duced. 

Acid from glucose, lactose, trehalose 
and sorbitol; may form acid from sucrose, 
glycerol, mannitol and salicin. No acid 
from arabinose, raffinose or inulin. 

No hydrolysis of sodium hippurate; 
may hydrolyze starch and csculin. 
Ammonia is produced from peptone. 
Temperature relations; No growth at 
10®C and 45®C. Does not survive 60®C 
for 30 minutes. 

Chemical tolerance: Does not tolerate 
6.5 per cent NaCl. Final pH in glucose 
broth 4.8 to 4.2; no growth at pH 9.6. 
Methylene blue 0.1 per cent not tolerated 


and not reduced. No growth on 40 per 
cent bile-blood agar, nor on 10 per cent bile. 

Action on blood: Very hemolytic; 
strains reported by Plastridge and 
Hartsell (Jour. Inf. Dis., 61, 1937, 110) 
weakly hemolytic. Streptolysin pro¬ 
duced and outstandingly acid stable 
(Todd, Jour. Path, and Bact., 39, 1934, 
299). 

Fibrinolysin; No solution of human 
fibrin. 

Serology: Lancefield Group E, some 
cross reaction with Group C. 

Aerobe, facultative anaerobe. 

Source: Certified milk; bovine udder. 
Habitat: Probably in udder and dairy 
products. 

4. Streptococcus sp. Hare. (Group 
H, Hare, Jour. Path, and Bact., 4L 
1935, 499.) 

Spheres: Gram-positive. 

Blood agar: Small colonies, 0.7 to 0.9 
inm, smooth surface, greenish color tend¬ 
ing to blacken, hard, almost gritty and 
adherent to the medium. Hemolysis 
seldom complete except on Brown s 
horse blood agar. On boiled blood agar 
definite greening and so different fro"^ 

Groups E, F and K. 

Litmus milk; Not curdled and not 

reduced. 

Acid from glucose, maltose, sucros^ 
raffinose and salicin; acid may be forme 
from lactose and trehalose. No acid from 
arabinose, inulin, glycerol, mannitol or 

sorbitol. . 

No hydrolysis of sodium hippurate an 

starch, but may hydrolyze esculin. 
Ammonia may or may not be produce 

from peptone. 

Temperature relations: No growth a 
lO^C. Growth at 45'*C. May survive 

60®C for 30 minutes. 

Chemical tolerance: Docs not tolera e 

6.5 per cent NaCl. Final pH in 
broth 5.0 to 4.5; no growth at pH 9 ®' 
Methylene blue 0.1 per cent not tolerate 
No growth on 40 per cent bile-blood 
Action on blood: Hemolysis incomp ® ® 
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and some greening. No soluble hemol¬ 
ysin. 

Fibrinolysin: No solution of human 
fibrin. 

Serology: Group H. 

Aerobe, facultative anaerobe. 

Source: Human throat and feces. 
Habitat: Human throat. 

5. Streptococcus sp. Hare. (Group 
K, Hare, Jour. Path, and Bact., 

1935, 499.) 

Spheres: Gram-positive. 

Blood agar: Colonies 0.8 to 1.3 mm, 
moist and transparent, with crenated 
edges. Incomplete hemolysis and no 
alpha-prime appearance. 

Acid from glucose, lactose and salicin; 
may form acid from trehalose (doubtful). 
No acid from mannitol or sorbitol. 

Does not hydrolyze sodium hippurate. 
Chemical tolerance: Final pH in glu¬ 
cose broth 5.1 to 5.4. Does not grow on 
10 per cent and. 40 per cent bile-blood 
agar. 

Action on blood: Incomplete hemol¬ 
ysis; does not produce soluble hemolysin. 
Doubtful if truly hemolytic strepto¬ 
coccus. 

Fibrinolysin: Does not dissolve human 
fibrin. 

Serology: Group K. 

Aerobe, facultative anaerobe. 

Source: Human throat. 

Habitat; Human throat. No indica¬ 
tion of relation to disease. 

6. Streptococcus acldominlmus Ayers 
and Mudge. (Ayers and Mudge, Jour. 
Inf. Dia., Si, 1922 , 40; SS, 1923, 155.) 
From M. L., derived to mean a minimum 
amount of acid. 

Description taken from Smith and 
Sherman, Jour. Inf. Dis., 66, 1939, 301. 

Spheres: Generally occur in short 
chains. Gram-positive. 

Gelatin stab: Filiform, beaded growth. 
No liquefaction. 

Plain nutrient agar: Small round white 
colonies. 


Acid from glucose, lactose and sucrose. 
May form acid from maltose, trehalose, 
and mannitol. Sorbitol and salicin 
usually are not fermented. No acid from 
arabinose, xylose, raffinose, inulin and 
glycerol. 

Sodium hippurate is hydrolyzed but 
not starch. 

Carbon dioxide is produced from a 4 per 
cent peptone-infusion broth. 

Litmus milk: Little or no visible 
change. 

Ammonia is not produced from 
peptone. 

Temperature relations: No growth at 
10®C. A few cultures grow at 45®C. 
Do not survive 60®C for 30 minutes. 

Chemical tolerance: No growth in .01 
per cent methylene blue. Growth in 2 
per cent but not in 6.5 per cent NaCl. 
Final pH in glucose broth 6.5 to 5.6. 
No growth at pH 9.6. 

Action on blood: No hemolysis, slight 
greening (alpha). 

Serology: Negative reaction with 
serums representing Lancefield groups A, 
B,C, D,E,Fand G. 

Facultative anaerobe. 

Distinctive character: Small amount 
of acidity developed in fermentation 
tests. 

Source: Originally 12 cultures were 
isolated from freshly drawn milk. Also 
found in bovine vagina, occasionally in 
the udder, and on the skin of calves. 

Habitat: Known to occur abundantly 
in the bovine vagina. 

The relationship between Slreplococcia 
uberh Diernhofer and other similar strep¬ 
tococci is not yet entirely clear. Smith 
and Sherman (Jour. Inf. Dis., 66, 1939, 
301-305) at one time thought that ^(rep- 
tococcus uberis and Streptococcus aci- 
dominimus might be identical. Others 
have regarded Streptococcus uberis as 
identical with Group III, Minett (Proc. 
12th Internat. Vet. Cong., 2, 1934, 511). 

Brown (Proc. 3rd Internat. Cong, for 
Microbiol., 1940, 173) describes a new 
species. Streptococcus lentus (not Strep- 
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tococcus lentus Lehmann, Doutsch. 
Arch. f. klin. Meek, loO, 1926, 144) which 
belongs to serological group E. He states 
that a few strains that produced the alpha 
appearance in blood agar corresponded 
culturally with Streptococcus uberis. 

Later Sherman (personal communica¬ 
tion) had an opportunity to determine 
the serological group of several cultures 
of Streptococcus uheris carefully identi¬ 
fied by It. B. Little and found them to 
belong to Group D. Wliile their char¬ 
acters were not exactly tiie same as tlie 
conventional Streptococcus faecalis, he 
feels that these cultures of Streptococcus 
uberis were only a variant type of Strep¬ 
tococcus faecalis. 

Appendix II.* The following species 
of streptococci are listed chiefly because 
of their historical interest. In many 
cases the original cultures are lost and 
their exact taxonomic relationships have 
not been determined. 

Bacterium accUjlcholini Habs. (Cent, 
f. Bakt., II Abt.. 07, 1937, 194.) From 
ensilage. Regarded as a stable type of 
Enterococcus. 

Diplococcus bombycis Paillot. (An- 
nales des fipipliyties, 8, 1922, 131.) 
From the silkworm {Bombyx mori). 

Diplococcus liparis Paillot. (Annales 
des Epiphyties, S, 1922, 122.) From 
larvae of the gypsy moth {Porthetria 
{Lymantria) dispar). 

Diplococcus lymanlriae Paillot. 
(Compt. rend. Acad. Sci., Paris, 164, 
1917, 526.) From larvae of the gypsy 
moth {Porthetria {Lymantria) dispar). 

Diplococcus melolontkae Paillot. 
(Compt. rend. Soc. Biol., Paris, 69, 
1917, 57; Annales des Epiphyties, 8, 1922, 
118.) From diseased larvae of cock¬ 
chafers {Melolontha melolontka). 

Diplococcus pieris Paillot. (Annales 
des Epiphytes, 8, 1922, 128.) From dis¬ 
eased caterpillars of the cabbage butter¬ 
fly {Pieris brassicae). 

Diplococcus scarlalinae sanguinis 


Jamieson and Edington. (Brit. Med. 
Jour., 1, 1887, 1265.) From the desqua¬ 
mation and blood of scarlet fever patients. 

Enterococcus citreus Stutzer and Wso- 
row. (Cent. f. Bakt., II Abt., 71, 1927, 
117.) From normal pupae of a moth 
{Euxoa segetum). 

Lactococcus agglutinans Plcvako and 
Bakushinskaia. (Microbiology (Rus¬ 
sian), 4,1935,523; abst. in Cent. f. Bakt., 
II Abt., 94, 1936, 64.) Agglutinates 
baker’s yeast. 

Streptobacillus malae Goadby. (Jour. 

StateMed. Tendon,30,1922,417;5/rep/o- 
coccus malae Thomson and Thomson, 
Ann. Pickett-Thornson Res. Lab., 5, 
1929, 22.) From the mouth. An aber¬ 
rant streptococcus. 

Streptococcus abortus-equi Ilauduroy ct 
al. {Streptococcus abortus egui Ostertag, 
Monatsh. f. Tierheilk., 12, 1900, 384, 
Ilauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 508.) From aborting mares. 

Streptococcus acidi-lactici Chester. 
{Sphaerococcus addi lactici Marpmann, 
Ergjinzungsheftc d. allegemeine Gesund- 
heitspflego,3,1886,121; not Streptococcus 
acidi lactici Grotenfeldt, Fortschr. d. 
Med., 7, 1889, 124; il/icrococc»s lacticus 
Migula, Syst. d. Bakt., 2, 1900, 66; Ches¬ 
ter, Man. Determ. Bact., 1901, 65.) 
From fresh milk. 

Streptococcus aerobius Heurlin. (Bakt. 
Untersuch. d. Keimgehaltes im Genital- 
kanale der fiebernden Wochnerinnen, 
Helsingfors, 1910, 60.) From the genital 
canal. 

Streptococcus aerogenes Viiirth. (Cent. 

Bakt., I Abt., Grig.,S3,1926,290.) From 
human blood. An aerobic species which 

produced gas in deep glucose agar. 

Streptococcus aerophilus Trevisan- ( 
generi e le specie delle Batteriacee, Mil^'L 
1889, 31; not Streptococcus aerophilus 
Heurlin, Bakt. Untersuch. d. Keimge¬ 
haltes im Genitalkanale der fiebernden 
Wochnerinnen, Helsingfors, 1910, 62.) 
From air. __ 


• Prepared by Miss Eleanore Heist, July, 1938; revised by Prof. Robert S. Bree , 
New York State Experiment Station, Geneva, New York, February, 1944. 
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Streptococcus alactosus Smith and 
Brown. (Jour. Med. Hes., St, 1915, 455; 
Rockefeller Inst, for Med. Res., Mono¬ 
graph 9, 1919; Streptococcus haemolijticus 
II, Holman, Jour. Med. Res., 54, 1916, 
377.) From human tonsillitis; peritoneal 
pus. See Manual, 5th ed., 1939, 352 for 
description of this species. 

Streptococcus albicans Migula. 
(Schminkewcisser Streptococcus, Tata- 
roff, Inaug. Diss., Dorpat, 1891,69; Mig¬ 
ula, Syst. d. Bakt., 2, 1900, 22.) From 
water. 

Streptococcus albidus Henrici. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 1,1894,53.) 
From Cantal cheese. 

Streptococcus albus Sternberg. (Weis- 
ser Streptococcus, Maschek, Bakt. Unter- 
such. d. Leitmeritzer Trinkwasser, Jahr- 
esber. d. Oberrealschule zu Leitmeritz, 
1887; Sternberg, Man. of Bact., 1893, 610; 
Micrococcus albus Mac6, Trait6 pratique 
de Bact., 6th ed., 1912, 605.) From 
water. 

Streptococcus allantoicus Barker. 
(Jour. Bact., 40,1943, 251.) From black 
mud, San Francisco Bay. 

Streptococcus alvearis (Preuss) Trcvi- 
san. {Cryptococcus alvearis Preuss, 1868; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 31.) From an infection 
(foulbrcod?) in bees. 

Streptococcus ambraius Trevisan. (Mi- 
crococco ambrato, Pcrroncito and Ajroldi, 
Giornale d. r. Accad. d. Med. d. Torino, 
48,1885,809; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 30.) From the 
respiratory tract of a horse. 

Streptococcus anhaemolyticus Roily. 
{Streptococcus anhaemolyticus vulgaris 
Zangemeister, Miinch. med. Wochnschr., 
57, 1910, 1268; Roily, Cent. f. Bakt., I 
Abt., Orig., 1912, 90.) Synonym of 
Streptococcus saprophyticus Mandelbaum 
(Ztschr. f. Hyg., 58,1907, 37; see Brown, 
Monograph No. 9, Rockefeller Inst. Med. 
Res., 1919,87). From vaginal secretions, 
milk and saliva. 

Streptococcus apkthicola Trevisan. (I 
generi e le specie delle Batteriacee, 1889, 


30.) From the lesions of foot and mouth 
disease of cattle. 

Streptococcus arotnaticus van Beynum 
and Pette. (Directie Li\ndbouw. Vers¬ 
ing. Landbouwk. Onderzock., 42, 1936, 
360; also see Hoecker and Hammer, Iowa 
Agr. Exp. Sta. Res. Bull. 290, 1941.317.) 
Produces diacetyl and small amounts of 
acetylmethylcarbinol in milk. From 
cream and butter. 

Streptococcus articulorum Fliigge. 
(Die Mikroorganismen, 2 .Aufl., 1886, 
153.) .Associated with diphtheria. 
Trevisan (I generi e le specie delle Bat¬ 
teriacee, 1889,30) considers this identical 
with Streptococcus diphteriticus Cohn 
(Beitr. z. Biol. d. Pflanz., I, Heft 2,1872, 
162). 

Streptococcus asalignus Frost, Gumm 
and Thomas. (Jour. Inf. Dis., 40, 1927, 
703.) From milk. 

Streptococcus aurantiacus Killian and 
Feher. (Ann. Inst. Past., 55,1935, 619.) 
From Sahara Desert soil. 

Streptococcus bombycis Sartirana and 
Paccanaro. (Cent. f. Bakt., I Abt., 
Orig., 40, 1906, 331; probably not Strep¬ 
tococcus bombycis Zoj)f, Die Spaltpilze, 
2 Aufl., 1884, 52.) From diseased silk 
worms {Bombyx mori). According to 
Paillot (Les maladies du ver h soie, Lyon, 
1928, 171) this is the same as Streptococ¬ 
cus pastorianus Krassilstschik. 

Streptococcus bonvicini Chester. 
(Streptococcus della leucaemia, Bonvi¬ 
cini, Cent. f. Bakt., I Abt., 21, 1897, 211; 
Chester, Man. Determ. Bact., 1901, 59.) 
From a case of leucaemia in a dog. 

Streptococcus bovinus Trevisan. {Mi¬ 
crococcus bovinus Trevisan, Rendiconti 
Reale Inst. Lombardo di Sci. e Lett., Ser. 
II, /5,1879; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 30; not Micro¬ 
coccus bovinus Migula, Syst. d. Bakt., 2, 
1900,67; not Streptococcus bovinus Broad- 
hurst, Jour. Inf. Dis., 17, 1915, 321; not 
Streptococcus bovinus Frost and Engel- 
brecht, The Streptococci, 1940, 56.) 
From human throat; bovine, equine, 
feline and canine feces. 

Streptococcus brevis von Lingelsheim. 
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(Ztschr. f. Hyg., 10, 1891, 339 and 354.) 
Not pathogenic. From various human 
and animal sources. 

S^rcp/ococcHS brevis non hemolyticus 
Sachs. (Ztschr. f. Ilyg., 63, 1909, 466.) 
From tonsils, vagina and vulva. 

Streptococcus brightii DeToni and 
Trevisan. (Streptococcus bei Morbus 
Brightii, Mannaberg, Cent. f. klin. Med., 
0, 1888, 537; DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, S, 1889, 
1057 ; iS/repfococcus inorbi brightii Migula, 
Syst. d. Bakt., 2, 1900, 28.) From urine 
of persons suffering from Bright’s disease. 
Probably identical with Streptococcus 
pyogenes. 

Streptococcus buccalis Blake. (Jour. 
Med. Res., 36, 1917, 124.) From the 
mouth. Proposed to include both Strep- 
lococcus mitis and Streptococcus sali- 
varius. 

Streptococcus butyricus (Fitz) DeToni 
and Trevisan. {Micrococcus butyricus 
Fitz, Ber. d. deutsch. chem. Gesellsch., 
Denaeyer Bact. schizom., p. 35; DeToni 
and Trevisan, in Saccardo, Sylloge Fun¬ 
gorum, 8, 1889, 1064.) From bovine 
feces. Forms butyric acid from calcium 
lactate. 

Streptococcus cadai'cris Sternberg. 
(Man. of Bact., 1893,611.) From liver of 
yellow fever cadaver. 

Streptococcus caprinus Emoto. (Jour. 
Japan. Soc. Veter. Sci., 3, 1924, 67.) 
From the cercbro-spinal fluid of goats. 
Pathogenic for goats. 

Streptococcus capsulatus Hauduroy et 
al. {Streptococcus capsulatus gallinarum 
Dammann and ^lanegold, Deutsche tier- 
arztl. Wochnschr., 13, 1905, 577 and 
Arch. f. Tierheilk., S3, 1907, 41; Haudu¬ 
roy et al., Diet. d. Bact. Path., 1937, 511; 
not Streptococcus capsulatus Binaghi, 
Cent. f. Bakt., I Abt., 22, 1897, 273.) 
Causes a disease of chickens. 

Streptococcus cameus Migula. {Micro¬ 
coccus?, List, Inaug. Diss., Leipzig, 1885, 
49; Migula, Syst. d. Bakt., 2, 1900, 36.) 
From the stomach of a sheep. Probably a 
micrococcus. 

Streptococcus camis Chester. (Diplo- 


coccus, Harrevelt, Cent. f. Bakt., I Abt., 
26, 1899, 121; Chester, Man. Determ. 
Bact., 1901, 60.) From meat. 

Streptococcus carrosus Lindner. (50 
Jubilaumsber. Westpreuss. Bot.-Zool. 
Vereins, Danzig, 1928,254.) From Mexi¬ 
can pulque. 

Streptococcus casei Burri. (Berichte 
d. Schweiz. Bot. Gesellsch., 61, 1940, 
102.) From Emmenthal cheese. 

Streptococcus caucasicus Migula. 
(Streptococcus a, von Freudenreich, 

Cent. f. Bakt., II Abt., 3, 1897, 87, 
Migula, Syst. d. Bakt., 2, 1900, 42.) 
From kefir. Possibly related to Strepto¬ 
coccus kefir. 

Streptococcus cerasinus (Lehmann and 
Neumann) Migula. (Micrococcus?, List, 
Inaug. Diss., Leipzig, 1885, 17; Kimch- 
roter Micrococcus, Adametz, Mitteil. d. 
ostcrreich. Versuchssta. f. Brauerei u. 
Malzerei in Wien, Heft 1,1888,33; Micro¬ 
coccus cerasinus siccus Eisenberg, Bakt. 
Diag., 3 Aufl., 1891,34; Micrococcus cera¬ 
sinus Lehmann and Neumann, Bakt. 
Diag., 1 Aufi., 2, 1896,179; Migula, Syst. 
d. Bakt., 2, 1900, 35; not Micrococcus 
cerasinus Migula, ibid., 170.) From na¬ 
sal secretions in a sheep; also from water. 

Streptococcus charrini Trevisan. (^ *" 
crobe de la septic6mie consecutive au 
charbon, Charrin, Compt. rend. Soc. 
Biol., Paris, S6, 1884, 526; Streptococcus 
Charrin, Fliigge, Die Mikroorganismen, ^ 
Aufl., 1886, 164; Trevisan, I generi e le 
specie delle Batteriacee, 1889,30*) From 
the organs of a rabbit having anthrax. 

Streptococcus cinereus Zimmermann. 
(Bakt. unserer Trink- u. Nutzw^ser, 

Chemnitz, II Reihe, 1894, 64.) From 


Streptococcus citreus (Eisenberg) '8 
la. (Micrococcus?, List, Inaug. Diss., 
Leipzig, 1885, 60; Crfimefarbiger Micro* 
occus, Adametz, Mitteil. d. osterreic • 
'’ersuchssta. f. Brauerei u. Malzerei m 
Vien, Heft 1, 1888, 31; Micrococcus 
eus Eisenberg, Bakt. Diag., 3 Aufl., » 
6; Migula, Syst. d. Bakt., 3,1900,37,°® 
Ureptococcus citreus Weiss, Arb. 

!nst. Karlsruhe, 2, Heft 3, 1902, 
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From the pancreas of a sheep (List); from 
water (Adametz). 

Streptococcus citrophilus van Beynum 
and Pette. (Directie Landbouw. Vers- 
lag. Landbouwk. Onderzoek., 4^, 1936, 
360; also see Hoecker and Hammer, Iowa 
Agr. Exp. Sta. Res. Bull. 290,1941,317.) 
Produces diacetyl, acetylmethylcarbinol 
and volatile acids from citric acid. From 
cream and butter. 

Streptococcus colt Migula. {Strepto¬ 
coccus coli brevis Escherich, Die Darm- 
bakterien des Sauglings und ihre Bczieh- 
ungen zur Physiologic der Verdauung, 
1886, 86; Migula, Syst. d. Bakt., 2, 1900, 
33.) From stools in cases of infant diar¬ 
rhoea. 

Streptococcus contuiuosus Black. 
(Trans. Ill. State Dental Soc., 22, 1886, 
189.) From the mouth. 

Streptococcus coronatus (Flugge) Trcvi- 
san. {Micrococcus coronatus Flugge, Die 
Mikroorganismen, 2 Aufl., 1886, 175; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 31.) From the air. 

Streptococcus cuniculi Bergey et al. 
(Manual, Ist ed., 1923, 50.) From natu¬ 
ral infections of rabbits. Morphologi¬ 
cally like Streptococcus pyogenes. 

-Streptococcus cysiitidis Migula. (Dip- 
lococcus ureae pyogenes Rovsing, Die 
Blasenentzlindungcn, ihre Aetiologie, 
Pathogenese und Behandlung, 1890, 39; 
Migula, Syst. d. Bakt., 2, 1900, 12.) 
From a case of cystitis. 

Streptococcus debilis Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, S, 1903,13.) From 
meat extracts. 

Streptococcus dentium (Trevisan) 
Trevisan. (A/tcrococcus dentium Trevi- 
can, Batt. Ital., 1879. 27; Micrococcus 
foetidus Fltiggc, Die Mikroorganismen, 2 
Aufl., 1886, 172; Trevisan, I generi e le 
specie delle Batteriacee, 1889,30.) From 
carious teeth. Grows anaerobically in 
nutrient agar with the production of gas 
and strong odor. 

Streptococcus desidens Trevisan. {Mi- 
crococcua Jlavus desidens FlUgge, Die 
Mikroorganismen, 2 Aufl., 1886, 177; 
Trevisan, I generi e le specie delle Bat- 


teriacce, 1889, 31; Micrococcus desidetis 
Migula, Syst. d. Bakt., 2, 1900, 143.) 
From the air. 

Streptococcus diacetilactis Matuszew- 
ski, Pijanowski and Supinska. (Compt. 
rend. Inst. Bact. ficole Cent. Agron., 
Vursovie, Poland, Xo. 21,1936,1.) From 
milk. Probably Streptococcus creynoris 
Orla-Jensen. 

Streptococcus diacetijl aromaticus. 
(Quoted from Karnad, Indian Jour. Vet. 
Sci., 9, 1939, 349.) From milk. Pro¬ 
duces an aroma in milk cultures. 

Streptococcus disparis Glaser. (Jour. 
Agr. Res., IS, 1918, 515.) From the ali¬ 
mentary canal of caterpillars. 

Streptococcus cndocarditicus DeToni 
and Trevisan. (Mikrokokken, Klebs, 
Arch. f. exper. Pathol., 9, 1878, 52; 
DcToni and Trevisan, in Saccardo, Syl- 
logc Fungorum, 8, 1889, 1057.) From 
cases of endocarditis. 

Streptococcus entcritidis Che.ster. 
(Enteritisstreptokokken, Escherich, 
Jahrb. f. Kinderhcilk., 49, 1899, 161; 
Chester, Man. Determ. Bact., 1901, 59.) 
From cases of enteritis. 

Streptococcus enteritis Chester. 
{Streptococcus, Hirsh, Cent. f. Bakt., I 
Abt., 22, 1897.372 and Libman, ibid., 376: 
Chester, Man. Determ. Bact., 1901, 56; 
Streptococcus enteritis var. lihmanii Ches¬ 
ter, ibid., 66.) From stools in cases of 
infant diarrhoea. 

Streptococcus equarius Frost and En- 
gelbrecht. (A Revision of the Genus 
-Streptococcus, privately published, 1936, 
3 pp. and The Streptococci, 1940, 65.) 
From a throat culture. 

Streptococcus equinus Lehmann and 
Neumann. (Streptokokken die sich zu 
grossen Konvaluten zusammenballen, 
Behring, Cent. f. Bakt., 12, 1892, 194; 
Lehmann and Neumann, Bakt. Diag., 
1 Aufl., 2, 1896, 125.) From equine 
pneumonia. Relation to Streptococcus 
equinus Andrewes and Horder not clear. 

Streptococcus felinus Bergey et al. 
(Manual, Ist cd., 1923, 50.) From natu¬ 
ral infections in cats. Morphologically 
like Streptococcus pyogenes. 
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Streptococcus fcnnenti (Trevisan) 
Trevisan. {Micrococcus fermenti Trevi¬ 
san, Batt. Ttal., 1879, 19; Micrococcus 
viscosus Fliigge, Die Mikroorganismen, 2 
Aufl., 18SG, 172; Trevisan, I generi e le 
specie delie Batteriacee, 1889,31.) From 
a slimy growth in wines. 

Streptococcus fischeli Chester. (Mi- 
croorganismus No. 2, Fischel, Ztschr. f. 
Heilkunde, 12, 1891,7 and Cent. f. Bakt., 
9, 1891, 611; Chester, ^Lan. Determ. 
Bact., 1901, 59.) From the blood of in¬ 
fluenza patients. 

Streptococcus foetidus Migula. (Stink- 
coccus, Klamann, Allegcm. med. Central- 
zeitung, 1887, 1347; Diplococcus fluores- 
cens foetidus Eisenberg, Bakt. Diag., 
1891, 10; Migula, Syst. d. Bakt., 2, 1900, 
38; Streptococcus fluorescens Chester, 
Man. Determ. Bact., 1901, 70; Strepto¬ 
coccus fluorescens foetidus Miquel and 
Cambier, Traite de Bact., Paris, 1902, 
792.) From cases of ozena. 

Streptococcus galleriae Chorine. 
(Compt. rend. Soc. Biol., Paris, 55, 
1926, 201.) From the bee moth {Galleria 
mellonella). 

Streptococcus genilalium Dimock and 
Edwards. (Kentucky Agr. Exp. Sta. 
Res. Bull. 286, 1928, 162.) Found com¬ 
monly in the genital tract of mares. 

Streptococcus giganleus Migula. 

{Streptococcus giganteus urethrae Lust- 
garten and Mannaberg, Vierteljahrsschr. 
f. Dermatologic u. Syphilis, 1887, 918; 
Migula, Syst. d. Bakt., 2, 1900, 39.) 
From human urethra and from urine. 

Streptococcus gingivae. (Quoted from 
Annals Pickett-Thoinson Res. Lab., 5, 
1927,154.) From human gums and teeth. 

Streptococcus granulatus Henrici. 
(Arb. bakt. Inst. Ivarlsruhe, /, Heft 1, 
1894,55.) From cream cheese. 

Streptococcus haematosaprus Trevisan. 
(Mikrokokken der Faulniss, Flugge, Die 
Mikroorganismen, 2 Aufl., 1886, 173; 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1889, 31.) From putrefying 
blood. 

Streptococcus halitua Heim and Schlirf. 


(Cent. f. Bakt., I Abt., Grig., 100, 1926, 
39.) From deposit on the tongue. 

Streptococcus havaniensis Sternberg. 
(Man. of Bact., 1893, 612.) From acid 
vomit of a yellow-fever patient. 

Streptococcus hemolyticus /, //and III 
Holman. (Jour. Med. Res., 34, 1916, 
388.) From various human infections. 

Streptococcus herbarum Schieblich. 
(Cent. f. Bakt., I Abt., Grig., m, 1932, 
269.) From green plant material. Mo¬ 
tile. Related to Streptococcus lactis 
except it is flagellated. Kolbmuller 
(Cent. f. Bakt., I Abt., Grig., 133, 1935, 
310) identifies this with Enterococcus. 

Streptococcus hydrophoborum Trevisan. 
(Streptococcus bei Rabies, Babes, Ztschr. 
f. Ilyg., 5,1888,184; Trevisan, I generi e le 
specie delle Batteriacee, 1889,30.) From 
the brain in a case of rabies. 

Streptococcus influenliae Trevisan. (I 
generi e le specie delle Batteriacee, 1889, 
30.) From equine influenza. 

Streptococcus influenzae Thomson and 
Thomson. (Grippestreptokokkus, Selig- 

mann, Cent. f. Bakt., I Abt., Ref., 50, 
1911, 81; Thomson and Thomson, Mono¬ 
graph No. 16, Part I, Annals Pickett- 
Thomson Res. Lab., 1933.) Associated 
with influenza. 

Streptococcus infrequens Holman. 
(Jour. Med. Res., 34, 1916, 388.) From 
various human infections. 

Streptococcus kirchneri Chester. (Dip¬ 
lococcus, Kirchner, Ztschr. f. Hyg-, 3, 
1890, 528; Chester, Man. Determ. Bact., 
1901, 57.) From sputum in cases of 
influenza. 

jSdrepiococews fcocAit Trevisan. (I 
eri e le specie delle Batteriacee, 1889,30.) 
From rabbit septicemia. 

Streptococcus lacteus Schroter. (Kryp- 
togam. Flora v. Schlesien, 3, 1, 1886, 
149.) From the air and dust. 

Streptococcus lactis aromaticus Josh* 
and Ram Ayyar, (Indian Jour. Vet. Sci-i 
6, 1936, 141.) Possibly Streptococcus 
cremoris Orla-Jensen. From cream. 

Streptococcus lactis innocuus Stolting- 
(Inaug. Diss., Kiel, 1935, 16.) From 
ripening cheese. 
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Streptococcus lagerheimii var. subter- 
raneum Migula. (Hansgirg, Oesterr. 
Zeitung, 1888, No. 7 and 8; Migula, Syst. 
d. Bakt., 2, 1900, 41.) From the wall of a 
wine cellar. 

Streptococcus {Diplococcus) lanceolatus 
oviuin Gaertner. (Cent. f. Bakt., I Abt., 
Orig., 54, 1910, 546.) From mastitis in 
sheep. 

Streptococcus lapillus Heim and Schlirf. 
(Cent. f. Bakt., I Abt., Orig., 100, 1926, 
39.) From the oral cavity. 

Streptococcus leiitus Lehmann. (Leh¬ 
mann, Deutsch. Arch. f. klin. Med., 160, 
1926, 144; Streptococcus pyogenes lentus, 
ibid., 141; not Streptococcus lentus Brown, 
Kept. Proc. Third Internat. Congr. for 
Microbiol., New York, 1940, 173.) From 
urine, cervix, sputum and carious teeth. 

Streptococcus libaviensis Flatzek. 
(Cent. f. Bakt., I Abt., Orig., 82, 1919, 
240; Bacterium libaviense Flatzek, idem.) 
From human feces. Motile. 

Streptococcus lucae Trevisan. {Micro¬ 
coccus ulceris mollis de Luca, 1886; Trevi¬ 
san, I generi e Ic specie dclle Batteriacee, 
1889, 30.) From chancroidal ulcers. 

Streptococcus luteus Killian and Feh6r. 
(Ann. Inst. Past., 65, 1935, 619.) From 
Sahara Desert soil. 

Streptococcus magnus Henrici. (Arb. 
bakt. Inst. Karlsruhe, / , Heft 1,1894,54.) 
From Brie cheese. 

Streptococcus malaperti Trevisan. (Mi¬ 
crococcus E, Malapcrt-Neuville, 1887; 
Trevisan, I generi e le specie dellc Bat¬ 
teriacee, 1889, 30.) From mineral water 
of hot springs at Schlangenbad. 

Streptococcus malignus Trevisan. 
{Streptococcus pyogenes malignus FlUgge, 
Die Mikroorganismen, 2 Aufl., 1886, 153; 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1889, 30.) From a diseased 
spleen. Probably identical with Strepto¬ 
coccus pyogenes. 

Streptococcus mammitis bovis Hutch¬ 
ens. (Hutchens, in Besson, Pract. Bact. 
Microbiol, and Serum Therapy. Trans, 
of 5th ed., 1913, 613.) From mastitis in 
cattle. 

Streptococcus margaritaceus Schroter. 


(In Cohn, Kryptog. Flora v. Schlesien, S, 
1,1886,149.) From putrefying blood. 

Streptococcus inathersi Muslow. 
(Green producing streptococcus, Tun- 
nicliff, Jour. Amer. Med. Assoc., 71, 
1918, 1733; Mather’s coccus, Jordan. 
Jour. Inf. Dis., 25, 1010, 30; Muslow, 
ibid., 31, 1922, 295.) From sputum in 
cases of influenza and pneumonia. 

Streptococcus maiimus Weiss. (Arb. 
bakt. Inst. Ivarlsruhe, 2, Heft 3, 1902, 
180.) From a bean and carrot infusion. 

Streptococcus melanogenes Schlcgel. 
(Berl. tierarztl. Wochnschr,, 1906, No. 25, 
464.) Produces gmyi.sh-yellow pigment 
in gelatin. Associated with a disease of 
horses. 

Streptococcus meningitidis Bonome. 
(Cent. f. Bakt., 8, 1890, 172 and 703.) 
From exudates from cases of cerebro¬ 
spinal meningitis. 

Streptococcus merdarius Trevisan. 
(Streptococcus des sollcs, Cornil and 
Babes, Bact6riea, 2nd ed., 1886, 118; 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1880, 31.) From feces. 

Streptococcus microapoikia Cooper, 
Keller and Johnson. (Amcr. Jour. Dis. 
of Children, 47, 1934 , 388 and 596; these 
authors also use the trinomial Strepto¬ 
coccus micro-apoikia enteritis.) From 
human throat and feces in enteritis in 
children. See Manual, 5th ed., 1939, 
351 for description of tliis species. 

Streptococcus ynirabilis Iloscoe and 
Lunt. (Phil. Trans. Uoy. Soc., London, 
182, 1892, 648.) 

Streptococcus mixlus Bcrgcy et al. 
(Manual, Ist ed., 1923, 49.) From a 
variety of pyogenic inflammations. 

Streptococcus morbilli Ferry and 
Fisher. (Jour. Amcr. Med. Assoc., 86, 
1926, 933.) From blood of persons in 
early stages of measles. 

Streptococcus morbillosus Trevisan. 
{Micrococcus morbillosus Trevisan, Ren- 
diconti Reale Inst. Lombardo di Sci. e 
Lctt.,Ser. II, IS, 1879 ; Trevisan, I generi 
e le specie delle Batteriacee, 1889 , 30.) 
From human, canine and porcine measles. 
Streptococcus murisepticus v. Lingels- 
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heim. (Ztschr. f. Hyg.» 10, 1891, 331 
and 12, 1892, 308.) Migula (Syst. d. 
Bakt., 2, 1900, 6) considers this a syno¬ 
nym of Streptococcvs pyogenes. 

Streptococcus mutans Clarke. (Brit. 
Jour. Exp. Path., 5, 1924, 142.) Shows 
extreme variability in colony formation. 
Regarded as the cause of dental caries. 

Streptococcus nasalis (Hack) Migula. 
{Micrococcus nasalis Hack, according to 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 55; 
Migula, Syst. d. Bakt., 2, 1900,45; Piano- 
coccus nasalis Migula, loc. cit., 274.) 
From nasal secretions. Considered 
motile. 

Streptococcus necroseos Schroter. (Mi- 
krokokkiis der progressive!! Gewebene- 
krose bci Mausen, Koch, Untersuch. iiber 
die Xtiologie der Wundinfektionskrank- 
heiten. Leipzig, 1878 or Gesamm. Werke 
V. Robert Koch, 1, 1912, 87; Schroter, in 
Cohn, Kryptog. Flora v. Schlcsien, 5, 1, 
1886, 150; Streptococcus necroticus Trevi- 
can, Atti della Accad. Fisio-Medico- 
Statistica in Milano, Ser. 4, 3, 1885.) 
From gangrene in mice. 

Streptococcus nomae Trevisan. (I gen- 
eri e le specie delle Batteriacee, 1889,30.) 
From gangrene of the mouth. 

Streptococcus non-heniolyticus /, II 
and III Holman. (Jour. Med. Res., 34, 
1916, 388.) From various human and 
animal infections. 

Streptococcus odontolyticus Bolding and 
Belding. (Dental Items of Interest, 
62, 1940, 308.) From dental caries. 
Later stated by authors (Jour. Amer. 
Dent. Assoc., 30, 1943, 713) to be a mu¬ 
coid variant of Streptococcus salivarius. 

Streptococcus opacus Heim and Schlirf. 
(Cent. f. Bakt., I Abt., Grig., 100, 1926, 
40.) From the oral cavity. 

Streptococcus opportunus Brown. 
(Rept. Proc. Third Internat. Congr. for 
Microbiol., New York, 1940, 173.) 

Source not recorded. Belongs to Lance- 
field^s Group B (Sherman, Chase and 
Niven, Jour. Bact., 41 r 1941, 101). 

Streptococcus ovis Weimann. (Ztschr. 
f. Infectionskrankh. d. Haustiere, 9, 
1911,255.) From infected sheep. 


Streptococcus pollens Henrici. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 1,1894,57.) 
From Gouda cheese. 

Streptococcus pallidus Henrici. (Arb. 
bakt. Inst. Karlsruhe, I, Heft 1,1894,58.) 
From Neufchatel cheese. 

Streptococcus parvulus Levinthal. 
(Cent. f. Bakt., I Abt., Orig., 106, 1928, 
195.) From the mucous membrane of the 
human throat. 

Streptococcus pastorianus Krassilst- 
schik. (Compt. rend. Acad. Sci. Paris, 
123, 1896, 427.) From silkworms. 

Streptococcus perniciosus Zopf. (Zopf, 
Die Spaltpilze, 3 Aufl., 1885, 53; Strepto¬ 
coccus perniciosus psittacorum FluggSj 
Die Mikroorganismen, 2 Aufl., 1886, 164, 
Micrococcus perniciosus Crookshank, 
Man. of Bact., 3rd ed., 1890, 252 -, Strepto¬ 
coccus psittacorurn Migula, Syst. d. Bakt., 
2, 1900, 42.) From an infection of par¬ 
rots. Found in nodules on the surface of 
the kidneys, lungs and spleen. 

Streptococcus phytophthorus (Frank) 
Chester. {Micrococcus phijtophthorus 
Frank, Cent. f. Bakt., II Abt., 6, 1899, 
134; Chester, Man. Determ. Bact., 1901, 
67.) Associated with blight and rot o 
potato. 

Streptococcus piima Macy. ^ 
Dairy Sci., 6, 1923, 2.) From ropy milk. 

the Finnish piima. 

Streptococcus pityocampae a Dufreno>. 

(Compt. rend. Soc. Biol., Paris, 71, 191 , 
288.) From processionary moth larvae 
{Cncthocampa piUjocampa). Motile- 
Gram-positive. 

Streptococcus pityocampae 6 Dufrenoy 
{loc. cit.). From processionary mo 
larvae. Gram-negative. 

Streptococcus pleomorphus von 
ner. (Wien. klin. Wochnschr., 1®*^' 
and 1918, 1101; see Lehmann and ^eu- 
mann, Bakt. Diag., 7 Aufl., 2, 1927, ■ 

Occurred frequently during the influea 

epidemic of 1918- j 

Streptococcus pneumosimilis 
Engelbrecht. (The Streptococci, BW ' 
57.) From milk and from the throats 
dairy employees. Not found in bovm 

feces. 
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Sirepiococciis polymorphus Heim. 
(Streptococcus, Kraskowska and Nitsch, 
Cent. f. Bakt., I Abt., Orig., 82, 1918, 
2&4; Heim, see Lehmann and Neumann, 
Bakt. Diag., 7 Aufl., 2, 1927, 224.) From 
the throat. 

Streptococcus product us Pr^vot. 
(Compt. rend. Soc. Biol., Paris, 135, 
1941, 105.) An anaerobic streptococcus 
from a gangrenous lung. 

Streptococcus proteiformis var. lique- 
faciens Hauduroy et al. {Enterococcus 
proteiformis liquefaciens Hauduroy, 
Th^se Doctorat Med., Strasbourg, 1921; 
Hauduroy et al., Diet. d. Bact. Path., 
1937,521.) From feces. 

Streptococcus proteus Chester. (Strep¬ 
tococcus No. 52, Conn, Report Storrs Agr. 
Exp. Sta., 1894, 81; Chester, Man. De¬ 
term. Bact., 1901,67.) From cream. 

Streptococcus pseudohaemolylicus Cum- 
ming. (Jour. Path, and Bact., 30, 1927, 
279.) From sputum of patients with 
pulmonary tuberculosis. 

Streptococcus putrejacicfis Trevisjxn. 
(I generi e le specie delle Batteriacee, 
1889, 31.) From putrefying blood. 

Streptococcus pyogenes bovis Lucct. 
(Ann. Inst. Past., 7, 1893, 325; also see 
Crookshank, Textbook of Bact., 4th ed., 
Philadelphia, 1900, 188.) From bovine 
pus. 

Streptococcus pyogenes hominis Crook- 
shank. (Textbook of Bact., 4th ed., 
Philadelphia, 1900, 187.) From human 
sources. 

Streptococcus pyogenes nonhaemolyticus 
Thomson and Thomson. (Streptocoque 
pyogon6 nonhdmolytique, Weissenbach, 
Compt. rend. Soc. Biol., Paris, 81, 1918, 
819; Thomson and Thomson, Ann. Pick- 
ett-Thomson Rea. Lab., 3, 1927, 183.) 
From feces and various human infections. 

Streptococcus radiatus Klein. (Cent, 
f. Bakt., I Abt., 28, 1900, 417.) From 
exudate from the udder of a cow. 

Streptococcus rheumaticus Poynton and 
Paine. '(Poynton and Paine, Lancet, 2, 
September 22 and 29, 1900, 861; Diplo- 
coccus rheumaticus and Micrococcus rheu- 
maticus Beaton and Walker, Brit. Med. 


Jour., January 31, 1903, 237; abst. in 
Cent. f. Bakt., I Abt., Ref., 33,1903,528.) 
From cases of rheumatism and endo¬ 
carditis. 

Streptococcus rindjleischii Trevisan. 
(Streptococcus bei Mycosis fungoidcs, 
RindHeisch, Deutsche mod. Wchnschr., 
11, 1885,233; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 30.) From skin 
infection (mycosis fungoides). 

Streptococcus ruber Lundstrom. (Fin- 
ska Liikaresallskapets Handlingar, 35, 
1893.) Red colonies. 

Streptococcus rubiginosus Jamieson and 
Edington. (Brit. Med. Jour., 1, 1887, 
1265.) Associated with cases of scarlet 
fever. Probably identical with Micro¬ 
coccus pyogenes Klein, according to Mace 
(Traite Pratique de Bact., Paris, 4th ed., 
1901, 425). 

Streptococcus rugosus Migula. {Strep¬ 
tococcus ureae {non pyogenes) rugosus 
Rovsing, Die Blasenentziindungen, ihre 
Aetiologie, Pathogenese und Behandlung, 
1890, 44; Migula, Syst. d. Bakt., 2, 1900, 
30; Streptococcus rugosus ureae Miquel 
and Cambier, Traite de Bact., Paris, 1902, 
829.) From cases of cystitis. 

Streptococcus salivarius brevis and 
Streptococcus salivarius tenuis Veillon. 
(Quoted from Thomson and Thomson, 
Ann. Pickett-Thomson Res. Lab., 3,1927, 
187 and 240.) From the mouth. See 
Streptococcus tenuis. 

Streptococcus sangumeus Migula. 
{Diplococcus pyogenes Pasquale, Giorn. 
mod. d. R. esercito c d. R. marina, 1890; 
Migula, Syst. d. Bakt., 2, 1900, 36.) 
From a case of bone tuberculosis. 

Streptococcus sanguinis Chester. 
{Streptococcus sanguinis canis Pitfield, 
Queen’s Microscopic Bulletin, Philadel¬ 
phia, 1897, 44; Chester, Man. Determ. 
Bact., 1901,64.) From the blood of dogs. 

Streptococcus sanguis White. {Strep¬ 
tococcus s.b.e. Loewe, Plummer, Niven 
and Sherman, Jour. Amer. Mod. Assoc., 
130, 1946 , 257; White, Thesis, Cornell 
Univ., 1946 quoted from White and 
Niven, Jour. Bact., 51, 1946, 721.) From 
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blood in cases of subacute bacterial 
endocarditis. 

Streptococcus saprogenes Trevisan. (I 
gcneri e le specie delle Batteriacee, 1889, 
31.) From putrefying blood. 

Streptococcus saprophyticus Mandel- 
baum. (Ztschr. f. Hyg., -58, 1908, 37.) 
See Streptococcus anhaemolyticus vul¬ 
garis. From mucous membranes. 

Streptococcus schmidli Trevisan. 
(Coccus bei Fadenziehende Milch, 
Schmidt-Mulheim, Arch. f. d. ges. Phys¬ 
iol., 27, 1882, 490; Trevisan, I generi e 
le specie delle Batteriacee, 1889, 31.) 
From ropy milk. 

Streptococcus seiferti DeToni and Tre¬ 
visan. (Micrococcus bei Influenza, Sei¬ 
fert, in Volkmann, Sammlung Klin. 
Vortrage, 240; DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1056.) From sputum and nasal secre¬ 
tions of influenza patients. 

Streptococcus septicus Miguia. {Strep¬ 
tococcus septicus liquefians Babes, Bakt. 
Unter. u. septische Prozesse des Kindes- 
alters, Leipzig, 1889, 22; Streptococcus 
septicus Uquejaciens Babes, according to 
Eisenberg, Bakt. Diag.,3 Aufl., 1891,312; 
Miguia, Syst. d. Bakt., 2, 1900, 27; not 
Streptococcus septicus Flugge, Die Mikro- 
organismen, 2 Aufl., 1886, 154.) From 
the blood and organs of a diseased child. 

Streptococcus septopyaemicus Biondi. 
(Ztschr. f. Hyg., 2, 1887, 194 and 225.) 
According to Miguia (Syst. d. Bakt., 2, 
1900,0) this is a synonym of Streptococcus 
pyogenes. From human saliva. 

Streptococcus somlhalii (Adametz) 
Miguia. (A/icrococcus somthaHi Adam¬ 
etz, Cent. f. Bakt., 11 Abt., I, 1895, 465; 
Miguia, Syst. d. Bakt., 2, 1900, 20.) 
From milk and hard cheese. 

Streptococcus sphagni Miguia. (Syst. 
d. Bakt., 2, 1900, 40.) From sphagnum 
in the Black Forest. 

Streptococcus sputigenus Miguia. 
(Syst. d. Bakt., 2, 1900, 24.) From 
sputum. 

Streptococcus stenos Bergey et al. 


(Manual, 1st ed., 1923, 50.) From a vari¬ 
ety of human inflammatory conditions. 

Streptococcus stramineus Henrici. 
(.■\rb. bakt. Inst. Karlsruhe, 1, Heft 1, 
1894, 59.) From Schlosskase. 

Streptococcus subacidus Holman. 
(Jour. Med. Res., 3/#, 1916, 388.) From 
various human infections. 

Streptococcus suspectus Trevisan. 
(Streptococco dell’ ematuria, ‘Piscia- 
sangue’ dei bovini; Trevisan, I generi e le 
specie delle Batteriacee, 1889,30 ) From 
blood and spleen in cases of bovine hem¬ 
aturia. 

Streptococcus teriuis Vcillon. (Arch. 
Med. Exp.et Anat.,5,1894,161.) From 
human mouth. 

Streptococcus terricola van Steenberge. 
(van Steenberge, .\nn. Inst. Past., S4, 
1920, 806; not Streptococcus terricola Kil¬ 
lian and Feher, Ann. Inst. Past., 55, 1935, 
619.) From garden soil. 

Streptococcus toxicatus (Burrill) De- 
Toni and Trevisan. (A/icrococcws toxica- 
tus Burrill, The Bacteria. Illinois In¬ 
dustrial Univ., llth .Ann. Kept., 1882,42, 
DeToni and Trevisan, in Saccardo, Syl¬ 
loge Fungorum, 8, 1889, 1065.) From 

diseased plant tissue. 

)S/rcp/ococcws trifoliatus Migua. 
{Diplococcits ureae (non pyogenes) frt- 

foliatus Rovsing, Die Blasenentzundun 

gen, ihre Aetiologie, Pathogenese un 
Behanglung, 1890, 43; Miguia, Syst. d. 
Bakt., 2, 1900, 29.) From cases ot 

cystitis. . 

Streptococcus turbidus Lehmann an 
Neumann. (Bouillon triibende 
kokken, Behring, Cent. f. Bakt., 13,1 » 

193; Lehmann and Neumann, Ba 
Diag.,1 Aufl., 3,1896,125.) From various 
human infections, especially erysipe as- 
Presumably a smooth culture of Strep a 

coccus pyogenes. . 

Streptococcus tyrogenus Henrici. ( J* * 
bakt. Inst. Karlsruhe, I, Heft 1,1894, 
From cheeses. . 

Streptococcus ureae Miguia. 
coccus pyogenes ureae Rovsing, Die 
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enentziindungen, ihre Aetiologie, Patho- 
gcnese und Behandlung, 1830,45; Migula, 
Syst. d. Bakt., 2, 1900, 28; not Strepto¬ 
coccus ureae Trcvisan, I generi e le specie 
delle Battcriacee, 18S9, 31.) From cases 
of cystitis. 

Streptococcus urinae Migula. {Diplo- 
coccus ureae (non p/joffenes) Rovsing, toe. 
cii., 45; Migula, Syst. d. Bakt., 2^ 1900, 
13.) From cases of cystitis. 

Streptococcus vaccinae (Cohn) Zopf. 
(Microsphaeren der Vaccine, Cohn, .\rch. 
f. path. Anat., 55, 1872, 237; .Utcro- 
sphaera vaccinae Cohn quoted from 
Cohn, Beitrage z. Biol, d. Pflanzen, /, 
Heft, 2, 1872, 101; Micrococcus vaccinae 
Cohn, idem; Zopf, Die Spaltpilze, 3 
Aufl., 1885 , 52.) From lymph of cow- 
pox pustules. 

Streptococcus varicellae Trevisan. 
(Microbio della varicella, Barcggi, 1885, 
probably in Gazz. Med. ital. Lomb. Mi¬ 
lano, 229-242; Trevisan, I generi e le 
specie delle Batteriacee, 1889,30.) From 
chicken-pox pustules. 

Streptococcus variolae Trevisan. (Mi¬ 
crosphaeren der Variola, Cohn, Arch. f. 
path. Anat., 55, 1872, 237; Micrococcus 
variolae Cohn, 1872, quoted from Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 30.) From lymph of small pox 
pustules. Regarded by Cohn (Beitrage 
z. Biol. d. Pflanzen, /, Heft 2, 1872, 161) 
as a variety of Micrococcus vaccinae 

Cohn. 

Streptococcus variolae-ovinae (Plaut) 
DeToni and Trevisan. (A/icrococcus 
variolae ovinae Plaut, Das organisirte 
Contagium der Schafpocken und die Miti¬ 
gation desselben, Leipzig, 1832; DeToni 
and Trevisan, in Saccardo, Sylloge Fun- 
gorum, 8, 1889, 1058.) From the lymph 
in sheep-pox pustules. 

Streptococcus oermf/ormis Sternberg. 
(Wurmformiger Streptococcus, Maschek, 
Bakt. Unters. d. Leitmeritzer Trink- 
wasser, Jahresb. d. Oborrcalschule zu 


Leitmeritz, 1887; Sternberg, Man. of 
Bact., 1893, 611.) From water. 

Streptococcus vcrsafilis Broadhurst. 
(Jour. Inf. Dis., 17, 1015, 323.) From 
throat of dogs, horse and cattle feces, 
etc. 

Streptococcus vini Migula. (Micrococ¬ 
cus saprogenes vini II, Kramer, Land- 
wirtsch. Versuchsstat., 37, 1890, 325 and 
Die Bakt. in ihren Beziehungen z. Land- 
wirtsch. u. d. landw'irtsch.-technisch. 

Gewerben, 2, 1892, 140; Migula, Syst. d. 
Bakt., 2, 1900, 33.) From wine. 

Streptococcus viscosus Lehmann and 
Neumann. (Schleimiger Streptokokken, 
Behring, Cent. f. Bakt., 12, 18.)2, 193; 
Lehmann and Neumann, Bakt. Diag., 1 
Aufl., 2, 1896,125.) From various human 
infections. Presumably a mucoid cul¬ 
ture of Streptococcus pyogenes. 

Streptococcus vilulorum Trevisan. 
(Micrococco della diarrea bianca dei vitel- 
lini, Perroncito, 1886; Trevisan, I generi 
c le specie delle Batteriacee, 1889, 30.) 
From white diarrhoea of calves. 

Streptococcus vulgaris Locning. 
(Munch, mod. Wochnsclir., 57, 1910, 173 
and 247; Streptococcus pyogenes vulgaris 
Thomson and Thomson, Ann. Pickett- 
Thomson Res. Lab., 3, 1927, 189.) 
Names applied to Streptococcus pyogenes. 

Streptococcus weissii Trevisan. (Atti 
d. Accad. Fisio-Medico-Statistica in Mi¬ 
lano, Ser. IV, S, 1885, 119.) From lung 
exudate in pleuropneumonia of cattle. 

Streptococcus zythi Trevisan. (Toru- 
lac6c de la biere malade, Pasteur; Trevi¬ 
san, I generi c le specie delle Batteriacee, 
1889, 31.) From spoiled beer. 

Streptostaphylococcus parvulus Heurlin. 
(Heurlin, Bakt. Unters. d. Keimgehaltes 
im Genitalkanale der fiebernden Woch- 
nerinnen. Helsingsfors, 1910, 138.) 

From genital canal. Intermediate be¬ 
tween Streptococcus anaerobius Kronig 
and Staphylococcus parvulus Veillon and 
Zuber. 
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Genus III. Leuconostoc Van Tieghem emend. Mucker and Pederson.* 

(Van Tieghem, Ann. Sci. Nat., 6, Ser. 7, 1878, 170; Bctacoccus Orla-JenseHy Ihe 
Lactic Acid Bacteria. Alem. Acad. Sci. Danemark, Sec. d. Sci., 5, Ser. 8, 1919, 146; 
Iluckcr and Pederson, New A'ork Agr. Exp. Sta. Tech. Bui. 167, 1930, 66.) From 
Latin leucus, clear, colorless; M. L. Nosloe, a genus of blue-green algae. 

Cells normally spherical. Under certain conditions, such as in acid fruits and 
vegetables, the cells may lengthen and become pointed or even elongated into a rod. 
Certain types grow with a characteristic slime formation in sucrose media. Grow 
on ordinary culture media, but growth is enhanced by the addition of yeast, tomato or 
other vegetable extracts. Generally, a limited amount of acid is produced, consisting 
of lactic and acetic acid; alcohol is also formed, and about one-fourth of the fermented 
glucose is changed to CO^. Levo lactic acid is always produced, and sometimes 
dextro lactic acid also. Milk is rarely curdled. Fructose is reduced to mannitol- 
Habitat: Milk, plant juices. 

The type species is Leuconostoc mesenieroides (Cienkowski) Van Tieghem. 

Key to ihe species of genus Leuconostoc. 

I. Acid from sucrose. 

A. Acid from pentoses. 

1. Leuconostoc mesenieroides. 

B. No acid from pentoses. 

2. Leuconostoc dextranicum. 

II. No acid from sucrose. 

3. Leuconostoc citrovorum. 


1. Leuconostoc mesenteroides (Cien¬ 
kowski ) Van Tieghem. {A scococcus mes- 
enteroides Cienkowski, Arb. d. Naturf. 
Gesellsch. a. d. Univ. a. Cliarkoff, 1878, 
12; Van Tieghem, Ann. Sci. Nat., 6, Ser. 
7,1878,170; Leuconostoc indicurn Licsen- 
berg and Zopf, Beitr. z. Physiol, u. 
Morph, niederer Organis., Heft 1, 1892, 
19; Streptococcus mesenterioides Migula, 
Syst. d. Bakt., 2, 1900,25; Leuconostoc 
agglutinans Barendrecht, Cent. f. Bakt., 
II Abt., 7, 1901, 627; Leuconostoc alter 
Zettnow, Ztschr. f. Hyg., 57, 1907, 154; 
Leuconostoc opalaniUa Zettnow, loc. 
cil.; Belacoccus arabinosaceus Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
152; Leuconostoc arabinosaceus Hol¬ 
land, Jour. Bact., 5, 1920, 223; 

Bacillus pleofructi Savage and Hunwicke, 


Spec. Kept. Food Investigation Board, 
London, 1923, 134; Leuconostoc pleofructi 
Pederson, N. Y. Agr. Exp. Sta. Tech. 
Bull. 150 and 151, 1929.) From Greek 
mesenterium, mesentery; eiduSf form 
(like). 

Probable synonym: Leuconostoc soyae 
Belenky, Bull. Sci., Res. Inst, for 
Leguminous Crops, Moscow (Russian), 
5, 1934, 132. 

Spheres: 0.9 to 1.2 microns in diameter, 
occurring in pairs and short or long 
chains. In sucrose solutions the chains 
are surrounded by a thick, gelatinous, 
colorless membrane consisting of dextran. 
Gram-positive. 

Glucose gelatin colonies: Small, white 
to grayish-white, raised, nodular. 


• Revised by Prof. G. J. Hucker and Prof. Carl S. Pederson, New York State Ex¬ 
periment Station, Geneva, New York, September, 1938; further revision, Decern 

1943. 
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Glucose gelatin stab: Growth along 
entire stab. No liquefaction. 

Sucrose broth: Abundant growth with 
massive formation of slimy material. 
Potato: No visible growth. 

Indole not formed. 

Acid from glucose, fructose, galactose, 
mannose, xylose, arabinose, sucrose, and 
generally from lactose, raffinose, salicin 
and mannitol. Rarely acid from dextrin, 
starch, inulin, sorbitol, rhamnose or 
glycerol. 

Nitrites not produced from nitrates. 
Produces slime from sucrose. Most 
pronounced in sucrose gelatin stab. 
Aerobic, facultative. 

Optimum temperature 21® to 25®C. 
Distinctive characters: Active slime 
producer in sucrose solutions. 

Source: Slime in sugar factory. 

Habitat: Most active of the genus. 
Encountered in fermenting vegetable and 
other plant materials. Frequently iso¬ 
lated from slimy sugar solutions. 

2. Leuconostoc dextranicum (Bei- 
jerinck) Hucker and Pederson. {Laclo- 
coccus dexlranicus Beijerinck, Folia 
Microbiologica, Delft, 1912, 377; Beta- 
coccus bovis Orla-Jensen, The Lactic Acid 
Bacteria, Copenhagen, 1919, 152 (Leu- 
conostoc bovis Holland, Jour. Bact., 
1920, 223); Streptococcus paracitrovorus 
Hammer, Research Bui. 63, Iowa Agr. 
Exp, Sta., 1920; Hucker and Pederson, 
N. Y, Agr. Exp. Sta. Tech. Bull. 167, 
1930, 67.) From Latin dexter, right; 
M. L. dextranum, dextran; M. L. dex- 
tranicus, related to dextran. 

Note: The description of Strepto¬ 
coccus b, v. Freudenreich (Cent. f. Bakt., 
II Abt., S, 1897, 47) renamed Strepto¬ 
coccus kefir by Migula (Syst. d. Bakt., 2, 
1900, 44) is too indefinite to permit the 
determination of its exact relationship 
to the organisms in this genus. It is 
clear, however, that the Streptococcus 
kefir of these authors and that of Evans 
(Jour. Agr. Res., 13, 1918, 235) were very 
similar to if not identical with Leuco- 
nostoc dextranicum. Streptococcus dis- 


tendens Hammer (Iowa State Coll. 
Jour. Sci., 2, 1927, 5) may also be identi¬ 
cal with Leuconostoc dextranicum. 

Spheres: 0.6 to 1.0 micron in diameter, 
occurring in pairs and in short chains. 
Gram-positive. 

Gelatin stab: Gray filiform growth in 
stab. 

Agar colonies: Small, gray, circular, 
slightly raised, entire. 

Glucose broth: Slight grayish sedi¬ 
ment. 

Litmus milk: -Acid, coagulation. Fre¬ 
quently shows slight reduction of litmus 
in bottom of tube. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Produce slime from sucrose in rapidly 
growing cultures. 

Acid from glucose, fructose, galactose, 
maltose, sucrose, and generally from 
lactose and mannose. No acid from 
xylose, arabinose, glycerol, rhamnose, 
sorbitol, mannitol, starch, rarely raf¬ 
finose, inulin or dextrin. 

Aerobic, facultative. 

Optimum temperature of growth 21® 

to 25®C. 

Distinctive characters: Produces 

moderate amount of slime in sucrose 
solutions. 

Source: Dairy starters. 

Habitat; Found both in plant mate¬ 
rials and in milk products. 

3. Leuconostoc citrovorum (Hammer) 
Hucker and Pederson. (Streptococcus 
citrovorus Hammer, Research Bull. No. 
63, Iowa Agr. Exper. Sta., 1920; Hucker 
and Pederson, N. Y. Agr. Exp. Sta. Tech. 
Bull. 167, 1930, 67.) From Latin citrus, 
the citron tree; M. L., lemon or orange, 
hence citric acid; t»oro, devour. 

Spheres: 0.6 to 1.0 micron in diameter, 
occuring in pairs and chains. Gram¬ 
positive. 

Gelatin stab: Filiform growth in stab. 
No liquefaction. 

Agar colonies: Small, gray, entire, 
slightly raised. 
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Agar slant: Small, gray, discrete 
colonies. 

Glucose broth: Slight gray sediment. 
Litmus milk: Slightly acid with partial 
reduction of litmus. 

Potato; No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Grows poorly on ordinary media with¬ 
out the addition of yeast extract or other 
growth accessory substance. 

Acid from glucose, fructose, galactose 
and lactose. Generally does not form 
acid from mannose, sucrose, maltose, 
xylose, arabiiiose, rhamnose, rafhnose, 
glycerol, dextrin, inulin, starch, salicin, 
mannitol or sorbitol. 

Uses citric acid in milk. 

Aerobic, facultative. 

Optimum temperature 20** to 25°C. 
Distinctive character: Non-slime 

producer. 

Source: Dairy products. 

Habitat: Found in milk and dairy 
products. 

Appendix: This includes species that 
probably belong in this genus. The de¬ 
scriptions are too meager to permit draw¬ 
ing any definite conclusion regarding 
their relationship to the three species 
recognized above. 

Bacterium laevolacticum Migula. 
{Bacillus acidi lacvolactici Schardinger, 
Monatsh. f. Chemie, /i, 1890, 544; 
Migula, Syst. d. Bakt., S, 1900, 406; 
Bacterium acidi lacvolactici Lehmann and 
Neumann, Bakt. Diag., 4 Aufi., 1907, 
178.) From well water. 


Leuconostoc lagerheimii Ludwig. ■ 
(Ludwig, Lehrb. d. niederen Kryptog., 
1892, 29; Streptococcus lagerheimii 

Migula, Syst. d. Bakt., 1900, 41.) 
From slimy sugar solutions. 

Micrococcus gelatinogeuus Brautigam. 
(Pharmaceutische Centralhalle, 1891, No. 

30. ) From the air. Forms gum in su¬ 
crose media. 

Micrococcus gummosus Happ. (Inaug- 
Diss., Basel, published in Berlin, 1S93, 

31. ) From slimy sugar solutions. 
Myxococcus betae Gonnermann. 

(Oesterr.- Ungar. Ztschr. f. Zuckerind. u. 
Landw., 1S6, 1907, 883.) From sugar 
beet juice. 

Streptococcus citrovorus-paracitrovorus 

Vas and Csiszdr. (Milchwirtsch. 
Fortsch., 18, 1936, 68.) From cream and 
butter. 

Streptococcus hornensis Boekhout- 

(Cent. f. Bakt., II Abt., 6, 1900, 162_) 

From slimy, sweetened condensed mil 
A strong dextran former. Related to 
Leuconostoc mesenteroides. 

Zoogloea termo Cohn. (Cohn, Nov. Act. 
Acad. Caes. Leop.-Carol. Nat. Cur., 2^, 
1854,123.) The only species in the genus 
Zoogloea as originally proposed. From 
running water. Scheibler used this name 
for a zoogloea-forming organism from 
slimy sugar solutions in Neue Ztschr. • 
Rubenzucker- Ind.,/, 1878,366 and pro 
bably also in Ztschr. d. Vereins f. ROben- 
zucker- Ind., 1874, 330. The latter refer¬ 
ence apparently is not available m 
America. See Buchanan, General Sys^ 
Bact., 1925, 530 for a history of t 
genus Zoogloea. 
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TRIBE II. LACTOBACILLEAE WINSLOW ET AL. 

(Jour. Bact., 5, 1920, 211.) 

Rods, often long and slender. Non-motile. Gram-positive. Pigment formation 
rare. When present, yellow or orange, to rust or brick-red in color. Poor surface 
growth (except in genus Microbacterium) because these bacteria are generally micro- 
aerophilic or anaerobic. Carbohydrates and polyaicohols are cliangcd either by 
homofermentation to lactic acid or by heterofermentation to lactic, acetic, propionic 
or butyric acids, alcohol and carbon dioxide. Growth on potato is poor or absent. 
Gelatin is not liquefied. Nitrates are not reduced (except in genus Microbacterium). 
Several species grow at relatively high temperatures. May or may not produce 
catalase. 

Key to the genera oj tribe Lactobacilleae. 

I. Always produce lactic acid from carbohydrates, 
a. Catalase negative. Microaerophilic. 

Genus I. Lactobacillus, p. 349. 
aa. Catalase positive. Aerobic. 

Genus II. Microbaclerium, p. 370. 

II. Ferments carbohydrates, polyalcohols and lactic acid with the formation of 

propionic and acetic acids, and carbon dioxide. Catalase positive. 

Genus III. Propionibacterium, p. 372. 

III. Ferments carbohydrates, polyaicohols and lactic acid with the formation of 
butyric and acetic acids, and carbon dioxide. Generally catalase negative. 
Genus IV. Butyribacterium, p. 379. 

Genua 7. Lactobacillus Deijcrinck.* 

(? Dispora Kern, Biol. Zent., 2, 1882, 135; 7Tyrothrix Duclaux, Ann. Inst. Nat. 
Agron., 4, 1882, 79; 7Pacinia Trevisan, Atti della Accad. Fisio-Medico-Statistica in 
Milano, Ser. 4, 5, 1885, 83; ?Siccharobacillus van Lacr, Contributions b. I’liistoire dcs 
ferments des hydrates dc carbone. Mdm. Acad. Uoyale de Belgique, 4^, 1889, Lacto- 
bacter Beijerinck, Cent. f. Bakt., II Abt.,6,1900,200; Beijerinck, Arch, ndcrl. d. sci. 
exact, et nat. HaArlorn,S6r. 2, 7, 1901, 212; Streptobacillus Rist and Khoury, Ann. 
Inst. Past., W, 1902, 70; ?Brachyhaclerium Troili-Pctcrsson, Cent. f. Bakt., II Abt., 
11, 1903, 138; Caseobacterium Orla-Jensen, Cent. f. Bakt., 11 Abt., 22, 1909, 336; Pln- 
camobacterium Lbwi, Wiener Win. Wochnschr., SS, 1920, 730 (in Lactohacterivm 

van Steenberge, Ann. Inst. Past., 54, 1920, 806; Bifidobacterium Orla-Jensen, Lc Lait, 
4, 1924, 469; Acidobacterium Heim, see Schlirf, Cent. f. Bakt.,I Abt., Orig., 97, 1925, 
111: Bifidibacterium Prfivot, Ann. Inst. Past., 60, 1938, 303.) From M. L., lactic and 
bacillus, a rod. 

Rod?, usually long and slender. Microaerophilic. Carbohydrates and poly-aleo- 
hols are changed by honiofermentation to lactic acid, or by heterofermentation to 
lactic and acetic acids, alcohols and carbon dioxide. Catalase negative. Found 
in fermenting animal (especially dairy) and plant products. 

The type species is Lactobacillus caucasicus Beijerinck. 

* Completely revised by Prof. Carl S. Pederson, New ^ ork State Experiment Sta¬ 
tion, Geneva, New York, in consultation with Prof. J. M. Sherman, Cornell Uni¬ 
versity, Ithaca, New York and Prof. L. F. Rettger, Yale University, New Haven, 
Conn., June, 1938; further revision by Prof. Car) S. Pederson, January, 1945. 
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Key to the species of genus Lactobacillus. 

I. Produce only traces of by-products other than lactic acid. Homofermentative. 
A. Optimum temperature 37° to 60°C or higher. Sub-genus Thermobacterium 
Orla-Jensen (The Lactic Acid Bacteria, 1919, 160). 



1. Acid from lactose. 

a. Optimum temperature 37° to 45°C. 

b. Produce levo lactic acid. 

1. Lactobacillus caucasicus. 

2. Lactobacillus lactis. 
bb. Produce inactive or dextro lactic acid. 

c. Microaerophilic. 

3. Lactobacillus helvelicus. 

4. Lactobacillus acidophilus. 
cc. Anaerobic in freshly isolated cultures. 

5. Lactobacillus bifidus, 

aa. Optimum temperature 45° to 62°C; usually no acid from maltose. 

6. Lactobacillus bulgaricus. 

7. Lactobacillus thermophilus. 


2. No acid from lactose. 

8. Lactobacillus delbrueckii. 

B. Optimum temperature 28° to 32°C. Sub-genus Streptobacterium Orla-Jensen 
{loc. cit., 166). 

1. Acid from lactose. , 

a. Produces dextro lactic acid. Often prefers lactose to sucrose an 

maltose. 


9. Lactobacillus casei. 

aa. Produces inactive lactic acid. 

10. Lactobacillus plantarum. 


2. No acid from lactose. 

11. Lactobacillus leichmannii. 

Produce considerable amounts of by-products other than lactic acid (carbon 
dioxide, alcohol and acetic acid; mannitol from fructose). Heterofermentative. 
Sub-genus Betabacterium Orla-Jensen {loc. ctL, 175).* 

A. Optimum temperature 28° to 32°C. Usually ferment arabinose. 

1. Does not ferment raflRnose, and usually does not ferment sucrose or lac ose. 

12. Lactobacillus brevis. 


B. 


2. Ferment raffinose, sucrose and lactose. 

13. Lactobacillus buchneri. 

14. Lactobacillus pastorianus. 

Optimum temperature 35° to 40°C or higher. Usually does not fermen 
arabinose. 

15. Lactobacillus fermenii. 



* Also see discussion of Betabacterium caucasicumy p. 358. 
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1. Lactobacilus caucasicus Beijerinck. 
{Bacillus cavcasicvs Beijerinck, Arch, 
nderl. d. sci. exact, et nat., 23, 1SS9, 428; 
Beijerinck, ibid., S6r. 2, 7, 1901, 212; not 
Bacilbis cancasic^is v. Freudenreicli, 
Cent. f. Bakt., II Abt., 5, 1897, 54 and 
135; Bac/ermn caucasicus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
130; not Bacterium caucasicum Lehmann 
and Neumann, Bakt. Diag., 2 Aufl., 2, 
1899, 209; not Betabaclerium caucasicum 
Orla-Jensen, The Lactic Acid Bacteria, 
1919, 175.) From Greek Caucasia, M. L. 
caiicasicus, of the Caucasus. 

The following is a possible or probable 
synonym: Streplohacillus Icbcnis Bist and 
Khoury, Ann. Inst. Past., 16, 1902, 70. 

Description taken from the two reports 
of Beijerinck {loc. cit.). 

Rods: Thin and variable in size, occur¬ 
ring singly or in filaments. Non-motile. 
Non-spore-forming. Gram-positive (not 
recorded in early descriptions). 

Gelatin; No liquefaction. 

Wort gelatin: Small, w’hite colonies. 

Agar colonies: Small. 

Broth: Carbohydrates necessary for 
growth. 

Milk; Rapid acid production with 
coagulation, no action in casein. 

Utilizes animal peptones with diffi¬ 
culty, utilizes vegetable peptones more 
readily. 

Acid from glucose, sucrose, maltose and 
lactose. No action on starch. Action on 
other carbohydrates not studied. Lac¬ 
tose in milk converted to levo lactic acid 
with little carbon dioxide. 
Microaerophilic. 

Optimum temperature 40* to 44*C. 
Temperature range 25* to 45*C. 

Source: From kefir and cheese. 
Habitat: Occurs symbiotically with 
yeast in kefir. 

Prototype: Dispora caucasica Kern. 
(Kern, Biol. Zent., «, 1882, 135; later in 
Bull, de la Soc. Imp. dcs Naturalistes dc 
Moscow, 66, 1882, 168; Bacterium cau¬ 
casicum Zopf, Die Spaltpilze, 3 Aufl., 
1885,90; Bacillus kaukasicus FlOgge, Die 
Mikroorganismen, 2 Aufl., 1886, 270; 


Pacinia caucasica Trevisan, I genori e le 
specie dellc Batteriacee, 1889, 23.) 

The (lescription by Kern of an organism 
from kefir grains is confused probably 
because the organism (a spore former) 
which he isolated by the use of Cohn’s 
solution was not the same as the j)resum- 
ably granulated laclobacillus he saw in 
microscojMcal preparations of kefir. 
Beijerinck was apparently the first to 
have isolated a lactobacillus from kefir in 
j)ure culture and to have given a suffi¬ 
ciently complete description to make 
rei<lentification possible. It should be 
noted that from the characters given, this 
could not have been the same species as 
that isolated later from kefir by v. 
Freudenreicli iluc. cit.) and Orla-Jcnsen 
Hoc. cit.). 

2. Lactobacillus lactis (Orla-Jenscn) 
Holland. {Bacillus lacds acidi Leich- 
mann, C'ent. f. Bakt., II .-\bt., 2, 1896, 
779;Milch. Zcitung,?5. mQ, 61 ; Thermo- 
bacterium lactis Orla-Jenscn, The Lactic 
Acid Bacteria, 1919, 104; Lactobacillus 
lactis-acidi Holland, Jour. Bact., 6, 1920, 
223; Holland, idem.) From Latin lac, 
milk. 

Henneberg (Handb. der Giirungsbakt., 
2 Aufl., 2, 1926, 128) regards liacUlus 
lactis acidi Lcichmann as identical with 
Thermobaetcrium lactis Orla-Jcnsen. 

Rods: Long forms with a tendency to 
grow into threads, often strongly curling. 
Occur singly or in pairs in young vigorous 
cultures. Generally contain volutin 
grains. Gram-positive (not recorded in 

original description). 

Milk; Acid produced followed by 
coagulafioii in one to four days. 1.7 per 
cent acid produced. 

Acid from fructose, glucose, mannose, 
galactose, sucrose, maltose, lactose, raffi- 
iiose and dextrin. Glycerol, xylose, 
arabinose, rhamnose, sorbitol, mannitol, 
inulin and starch not fermented. Saiicin 
may or may not be fermented. 

Forms levo lactic acid with only a trace 
of other products. 

Temperature relations: Optimum 40*C. 
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Minimum 18® to 22®C. Maximum 50®C. 
Source; From milk and cheese. 

Flabitat: Undoubtedly widely distrib¬ 
uted in milk or milk products. 

3. Lactobacillus helveticus (Orla-Jen- 
sen) Holland. {Bacillus €,\onVrenden- 
reich, Cent. f. Bakt., II Abt., i, 1895, 
173; also Landw. Jahrb. d. Schweiz, 1895, 
211; Bacillus casei €,v. Freudenreich and 
Thoni, Landw. Jahrb. d. Schweiz, 1904, 
526; also Orla-Jensen, Cent. f. Bakt., II 
Abt., 13, 1004, 609; Cascohaderium c, 
Orla-Jenscn, Cent. f. Bakt., II Abt., 
22, 1909, 337; Thcnnobaclcrium helvcli- 
cum Orla-Jensen, Maclkeri-Baktcriologie, 
1916, 35; also the Lactic Acid Bacteria, 
1919, 164; Baetcrinuu casci e, Holland, 
Jour. Bact., 6, 1920, 221; Holland, ibid., 
223.) From Latin hch'ciicus, Swiss. 

Hods: 0.7 to 0.9 by 2.0 to 6.0 microns, 
occurring singly and in chains. Non- 
motile. Gram-positive. 

Whey gelatin colonies: Does not grow 
readily at temperatures required for 
incubation of gelatin. 

Lactose agar colonies: Small, grayish, 
viscid. 

Milk: Acid, with coagulation; may 
become slimy. 

Nitrites not produced from nitrates. 
Acid from glucose, fructose, galactose, 
mannose, maltose, lactose, and smaller 
amounts from dextrin. The lactic acid 
is inactive. 

Temperature relations: Optimum 40® 
to 42®C. Minimum 20° to 22°C. Maxi¬ 
mum 50°C. 

Microaerophilic. 

Source: From sour milk and cheese. 
Habitat: Widely distributed fh dairy 
products. 

4. Lactobacillus acidophilus (Moro) 
Holland. {Bacillus acidophilus Moro, 
Wiener klin. Wochnschr., IS, 1900, 114; 
also Jahrb. f. Kinderheilkunde, 62, 1900, 
38; Holland, Jour. Bact., 5, 1920, 215; 
Plocamohacterium acidophilum Lehmann 
and Neumann, Bakt. Diag., 7 Aufl., 2, 
1927, 610; Thermobacterium inlestinale 


Orla-Jensen, Orla-Jensen and Winther, 
Cent. f. Bakt., II Abt., 93, 1936, 321.) 
From Latin acidus, sour; M. L. acidus, 
acid and Greek philus, loving. 

Possible synonyms: Milchsiiurebacil- 
lus, Boas and Oppler, Deutsche med. 
Wochnschr., 21, 1S95, 73; Diagnostik und 
Therapie d. Magenkrankheiten, II Teil, 
1907, 265 {Laclobacillus boas-oppleri 

Bergey et al., Manual, 1st cd., 1923, 243); 
Bacillus exilis Tissier, La flore intestinale 
des nourrissons, Paris, 1900,102; Bacillus 
gastrophilus Lehmann and Neumann, 
Bakt. Diag., 4 Aufl., 2, 1907, 424 (Bac- 
icrium gaslrophilum Lehmann and Neu¬ 
mann, Bakt. Diag., 5 Aufl.,:?, 1912,305); 
Bacillus acetogenus a Distnso, Cent. f. 
Bakt., I Abt.,Orig.,59,1911,49; Bacillus 
acetogenus /3 Distaso, ibid., 51; Bacillus 
acetogenus proteijormis Distaso, ibid., 52; 
Bacillus acetogenus exilis Distaso, ibid., 
53; Bacillus paraexilis Distaso, ibid., 66; 
Bacillus dimorphus Distaso, ibid., 55, 
Bacillus dimorphus var. longa Distaso, 
Cent. f. Bakt., I Abt., Orig., 62, 1912, 
440; {Bacleroides dimorphus Bergey et ah, 
Manual, 1st ed., 1923, 25 S)‘, StreptobacU- 
lus longus Distaso, ibid., 439; Thermo¬ 
bacterium acidophilum Hennebcrg, Cent, 
f. Bakt., II Abt., 91, 1934, 102. 

Description of Moro supplemented by 
material from Kulp and Rettger, Jour 
Bact., 9, 1924, 357; Curran, Rogers and 
Whittier, Jour. Bact., 26, 1933, 595; an 
Rettger, Levy, Weinstein and Weiss, 
Lactobacillus acidophilus, ^ale Lniv. 

Press, New' Haven, 1935. 

. Rods: 0.6 to 0.9 by 1.5 to 6.0 microns, 
occurring singly, in [mirs and in short 
chains with rounded ends. Non-motile* 
Dimensions variable (Kulp and Rettger), 
(Curran, Rogers and Whittier). Gram" 
positive; old cultures often Gram-nega 
tive (Moro). 

Gelatin: No growth at 20°C. No lique¬ 
faction. . . 

Wort-agar (Moro) or tomato agar (Ku p 
and Rettger) plates: Surface colonies, 
peripheries a capilliform maze of long, 

delicate, twisted, fuzzy projections, cen¬ 
ter appears as a thick, dark, felt-1 
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mass. Deep colonics, small, irregularly 
shaped, with fine radiate or ramified 
projections. 

Wort-agar slants: Growth scanty, 
limited, dry, veil-like. 

Wort-broth : After 48 hours, fine, floccu- 
lent sediment. Other acid broths sedi¬ 
ment whitish, slight turbidity. 

Milk: Slow growth with small inocu¬ 
lum. Coagulates from the bottom up. 
Potato: No growth. 

Acid but no gas from glucose, sucrose 
and lactose (Moro). Acid from glucose, 
fructose, galactose, mannose, maltose, 
lactose and sucrose. Some cultures 
ferment raffinose and trehalose and have 
slight action on dextrin. Xylose, arabi- 
nose, rhamnosc, glycerol, mannitol 
sorbitol, dulcitol and inositol not fer¬ 
mented (Kulp and Rettger). Inactive 
lactic acid and volatile acids formed from 
sugars (Curran, Rogers and Whittier^. 

No visible growth in carbohydrate-free 
media (Rettger, Levy, Weinstein and 
Weiss). 

Optimum temperature 37*C. No 
growth at 20no22“C (Moro). Maximum 
temperature43® to48®C (Curran,Rogers 
and Whittier). 

Not pathogenic for laboratory animals. 
Microaerophilic. 

Distinctive characters; Grows in acid 
media. Unless frequent transfers are 
made, organism may become Gram-nega¬ 
tive and rapidly develop characteristic 
degeneration forms (Moro). The so- 
called original strains of BacilUis nci- 
dopkilus from the Kr^l collection, de¬ 
scribed and called Microbacterium 
lacticum by Orla-Jensen, do not have the 
characteristics given by Moro. 

Source: From the feces of milk-fed 
infants. Also from the feces of older 
persons on high milk or lactose or dextrin- 
containing diets. 

Habitat: As for source. 

6. Lactobacillus blfidus (Tissier) Hol¬ 
land. (BacUlus bifiduB communis and 
Bacillus bifidus Tissier, Recherches sur 
la floro intestinal des nourrissons, Paris, 


1900, 85; Bacleroidcs bifidus Castellani 
and Chalmers. Man. Trop. Med., 3rd ed., 
1919, 960; Holland, Jour. Bact., 6, 1920, 
223; Nocardia bifida Vuillemin, Encyclo¬ 
pedic Mycolog., Paris, Champignons 
Parasites, 1931, 132; Actinomyces bifidus 
Nannizzi, in Pollacci, Trat. Micopat. 
Umana, 4, 1934, 13; Cohnistreptolhrix 
bifidus Negroni and Fisher, Rev. Soc. 
Argentina Biol., 20, 1944, 315.) From 
Latin bifidus spVit in two, cleft. 

Possible synonyms: Coccobacillus ovi- 
formis Tissier, Ann. Inst. Past., 22, 1908, 
189 {Bacterium oviforme Le Blaye and 
Guggenheim, Manual pratique de diag- 
nostique Bacteriologie, Paris, 1914; Bac- 
tcToides ovijormis Levine and Soppcland, 
Iowa Engineering Exp. Sta. Bui. 77, 1926, 
35); Bacillus ventriosus Tissier, loc. cit. 
{Bactcroides vetUriosus Kggerth, Jour. 
Bact., SO, 1935, 281); Diplobacillus 
acuminatus Distaso, loc. cit. {Bacleroidcs 
acuminatus Bergey et al., Manual, 1st ed., 
1923,260). 

Description supplemented from Weiss 
and Rettger, Jour. Bact., 28, 1934, 501. 

Small, slender rods: Average length 4.0 
microns, 0.5 to 0.7 by 2 to 8 microns 
(Weiss and Rettger), occurring singly or 
in pairs and short chains, parallel to each 
other, very variable in appearance. 
Branched and club forms develop in some 
cultures. Non-motile. Gram-positive 
but stains irregularly in old cultures 
(Tissier). 

Littleor no growth in carbohydrate-free 
agar (Weissand Rettger). 

Deep sugar-agar colonics: After 3 days, 
solid with slightly irregular edge, whitish. 
Grow up to 3 cm from the surface forming 
a ring. Average diameter 3 mm. No 
gas. 

Sugar broth: Good growth. Turbid 
within 3 days. Clears with flocculent 
precipitate. 

Milk: Good growth with large inocu¬ 
lum. No coagulation (Tissier). Mayor 
may not coagulate milk (Weiss and 
Rettger). 

Acid but no gas from glucose (Tissier). 
Acid from glucose, fructose, galactose, 
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sUcrose, inulin and usually from dextrin, 
starcli, maltose, rafhnose and trehalose. 

A few strains form acid from lactose and 
saliein. The acid co isists of inactive 
lactic acid and 18 to 25 per cent of volatile 
acid (Weiss and Uettger). 

Optimum temperature 37°C. May 
show slight growth at 20°C. Killed at 
60’C in 15 minutes. 

Non-pathogenic for mice or guinea pigs. 
Strict anaerobe (Tissier). Strict an¬ 
aerobe in primary culture becoming 
microaerophilic (Weiss and Roltgcr). 

Distinctive cliaracters: Bifurcations 
and club-shaped forms (Tissier), particu¬ 
larly in infant feces and in primary 
culture (Weiss and Ilcttgcr). 

Source: From feces of nursing infants. 
Habitat: Very common in the feces of 
infants. May constitute almost the 
entire intestinal flora of breast-fed in¬ 
fants. Also present in smaller numbers 
with bottle-fed infants. Possibly more 
widely distributed tlian indicated in the 
intestines of warm-blooded animals. 

6a. Lactobacillus parabijidus Weiss 
and Uettger. {liacterium bifidum Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
192; Baclcroidcs bifidus (Group 2) 
Kggerth, Jour. Bact., 30,1935, 295; Lacto¬ 
bacillus bifidus //or Lactobacillus para- 
bifidus Weiss and Uettger, Jour. Bact., 
35, 1938 , 17 ; Jour. Inf. Dis.,33,1938,115.) 

This is the mo.e anaerobic variety of 
the bifid organisms from feces and seems 
to be more common in the intestine of 
adults. In contrast to Lactobacillus 
bifidus, it produces more volatile acid as 
well as dextro lactic acid, and ferments 
arabinose, xylose and rnelezitose but not 
mannose. 

6. Lactobacillus bulgarlcus (Luerssen 
and Kiihn) Holland. {Bacillus A, Gri- 
goroff, Revue M6d. Suisse romande, 25, 
1905; Bacillus bulgaricus Luerssen and 
Ktihn, Cent. f. Bakt., II Abt., 20, 1907, 
241; Thermobacierium bulgaricum Orla- 
Jensen, The Lactic Acid Bacteria, 1919, 
164; Holland, Jour. Bact., 5, 1920, 215; 


Acidobaclerium bulgaricum Schlirf, Cent» 
f. Bakt., I Abt., Grig., 97, 1925, 116; 

Plocamobacierium bulgaricum Lehmann 
and Neumann, Bakt. Diag., 7 Aufl., 2, 
1927, 511.) From Latin bulgaricus, of or 

related to Bulgaria. 

Probable synonyms: Lactobacillus 
longus Beijerinck, Arch. n6erl. d. sci. 
exact, et nat., S^r. 2, 7, 1901, 212 (not 
Lactobacillus longus Bergey et ah, 
Manual, 4th cd.. 1934, 312); Bacterium 
casei filans Gorini, Rend. R. Acc. Lincei, 
21, 1912, 472; Cent. f. Bakt., II Abt., 37, 
1913,1. 

Description of Luerssen and Kuhn 
supplemented by Grigoroff, loc. cit-, 
Cohendy, Compt. rend. Soc. Biol. Paris, 
58, 1906, 364; Kunfze, Cent. f. Bakt., H 
Abt., 2t, 1908, 737; Bertrand and 

Duchacek, Ann. Inst. Past., 23,1909,402, 
Whiteand Avery, Cent. f. Bakt., II AbL, 
25, 1910, 161; Itahe, Jour. Bact., 3, 1918, 
420; Orla-Jensen, The Lactic Acid Bac¬ 
teria, 1919, 164; Kulp and Uettger, Jour. 
Bact., 9, 1924, 357; Sherman and Hodge, 
Jour. Dairy Sci., 19, 1936, 494. 

Rods: Slender rods with rounded ends, 
often in chains. Non-motilc. Gram¬ 
positive, older cultures showing un 
stained portions (Luerssen and 

Wliey gelatin: No liquefaction (White 

and Avery). 

Colonics: Flat, yellowish-white, 2 lo 
3 mm. Old cultures have dark centers. 
Deep colonies globular (Luerssen an 
Kuhn), 

Whey agar colonies: Circular to irreg 

lar (White and Avery). 

Milk: Coagulation at 37“C. No gas. 
No decomposition of casein. 

Potato: Yellow-white colonies (Luers¬ 
sen and Kiihn). No growth (Grigoro i 
(Cohendy), (White and Avery). 

Indole not formed (Grigoroff), ( 
and Avery). 

Nitrites not produced from 
Results on acid production from 
vary. Glucose, lactose and galactose a 

apparently always fermented w ® . 

lose, arabinose, sorbose, rhamnose, 
tol, mannitol, dextrin, inulin and s 
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are never fermented. Early workers 
(Gigoroff) (Cohendy) noted fermenta¬ 
tion of fructose, maltose and sucrose. 
Later workers (Bertrand and Duchacek), 
(Orla-Jensen), (Rahe), (Kulp and Rett- 
ger), (Sherman and Ilodgc) noted vari¬ 
able or negative results on sucrose, mal¬ 
tose and unheated fructose. 

Forms high acidity in milk. The 
lactic acid is inactive (Grigoroff), (Ber¬ 
trand and Duchacek), (White and Avery) 
orlevo (Whiteand Avery), (Orla-Jensen) 
with small quantities of volatile acid 
(White and Avery). 

Aerobic or anaerobic (Luerssen and 
Kuhn). Microaerophilic (White and 
Avery). Anaerobic in fresh isolation 
(Sherman and Hodge). 

Optimum temperature 45® to 50®C. 
Minimum 22®C (Luerssen and Kuhn). 

Distinctive characters: This species 
at present is regarded as including the 
high temperature organisms isolated 
from milk with difTiculty. These fer¬ 
ment glucose, galactose and lactose but 
usually do not ferment sucrose, maltose 
or unheated fructo.«e when freshly iso¬ 
lated. 

Source: Originally isolated from yog¬ 
hurt. 

Habitat: Probably present in many 
milk products if held at high tempera¬ 
ture. 

7. Lactobacillus thermophilus Ayers 
and Johnson, (Jour. Bact.,f?, 1924,291.) 
From Greek thermos, heat and philus, 
loving. 

Description of Ayers and Johnson 
supplemented by material from Charlton, 
Jour. Dairy Sci., 15, 1932, 393. 

Rods: 0.5 by 3.0 microns. Stains 
irregularly. Non-motile (Charlton). 
Gram-positive. 

Gelatin stab: No liquefaction. 

Agar plate : Small colonics. 

Agar slant: Slight, translucent growth 
(Charlton). 

Broth: Turbid (Cliarlton). 

Litmus milk: Acid. 


Nitrites not produced from nitrates 
(Charlton). 

.Acid from glucose, lactose, sucrose, 
starch and trace from glycerol. No 
acid from Sidicin, mannitol, raflinose or 
inulin. (.Ayers and Johnson)- -Acid 
from fructose, galactose, mannose, mal¬ 
tose, rafhnose and dextrin. No acid 
from arabinosc, xylose, glycerol, rham- 
nosc, salicin, inulin or mannitol. Doxtro 
lactic acid formed. (Charlton). 

This is the thermophilic lactobacillus 
obtained from pasteurized milk which 
causes pin-point coloides on agar pl.ites. 

Temperature relations: Optimum tem¬ 
perature 50® to G2.8®C. Minimum 30®C. 
Maximum C5®C. Thermal death point 
71 °C for 30 minutes or 82°C for 2^ 
minutes. 

Facultative anaerobe. Grows best 
aerobically. 

Source: From pasteurized milk. 
Habitat: Known only from pasteurized 

milk. 

8. Lactobacillus delbrueckii (Leich- 
mann) Bcijcrinck. {liacillus dclbruckii 
Leichmann, Cent. f. Bakt., II Abt., 2, 
189C, 284; Bacillus acidificans longissi- 
mas Lafar, Cent. f. Bakt., II .Abt., 2, 
1S9G, 195; Bacillus (?) acidifica7is Migula, 
Syst. d. Bakt., 2, 1900, 801; Bcijcrinck, 
Arch, ndcrl. d. sci. exactes et nat., 
Hadrlcm, S<5r. 2, 7, 1901, 212; Thermo- 
hactcrium ccrcale Orla-Jensen, The Lactic 
.Acid Bacteria, 1919, 1G4; Bacillus acidi- 
ficans-longissimus Holland, Jour. Bact., 
6, 1920, 216; Lactobacillus acidificans- 
longissiinus Holland, ibid., 21G; Lacto¬ 
bacillus cerealc Holland, ibid., 223; 
Laclobactcriurn dclbrucki (sic) van Stcen- 
berge, Ann. Inst. Past., 3.{, 1920, 820.) 
Named for Prof. M. Delbriick, German 
bacteriologist. 

Description of Leichmann supple¬ 
mented by material from Henneberg, 
Cent. f. Bakt., II Abt., II, 1903,154. 

Rods: 0.5 to 0.8 by 2.0 to 9.0 microns 
(Henneberg), occurring singly and in 
short chains. Non-motilc. Gram-posi¬ 
tive. 
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Gelatin colonies: Small, gray, circular, 
not liquefied. 

Agar colonies: Small, flat, crenated. 
Agar slant: Narrow, translucent, soft, 
grayish streak. 

Broth: Slightly turbid. 

Milk: Unchanged. 

Nitrites not produced from nitrates. 
Acid from maltose and sucrose (Leich- 
mann) and glucose, fructose, galactose 
and dextrin. No acid from xylose, 
arabinose, rhamnose, lactose, raffinose, 
trehalose, inulin, starch, mannitol or 
a-methyl-glucoside (Henneberg). Levo 
rotatory lactic acid is formed. Forms 
1.6 per cent acid in mash. 

This is the high temperature organism 
of fermenting mashes. In fresh isola¬ 
tions it apparently has a higher optimum 
temperature than when held in pure 
culture. 

Optimum temperature 45®C. 
Microaerophilic. 

Source: From sour potato mash in 
a distillery. 

Habitat: Fermenting vegetable and 
grain mashes. 

9. Lactobacillus easel (Orla-Jensen) 
Holland. {Bacillus «, v. Freudenreich, 
Ann. d. Microg., 2, 1890, 266; also Landw. 
Jahrb. d. Schweiz, 1891, 20; Bacillus 
casei a, von Freudenreich and Tho li, 
Landw. Jahrb. d. Schweiz, 1904, 526; also 
Orla-Jensen, Cent. f. Bakt., II Abt., IS, 
1904, 609; Caseobacteriuvi vulgare Orla- 
Jensen, Maelkeri-Bakteriologie, 1916, 35; 
Streptobacterium casei Orla-Jensen, The 
Lactic Acid Bacteria, 1919, 166; Bac¬ 
terium casei a, Holland, Jour. Bact., 5, 
1920, 221; Holland, f5fd.) From Latin 
caseus, cheese. 

Rods: Short or long chains of short or 
long rods. .Non-motile. Gram-positive. 

Milk: Acid with coagulation in 3 to 5 
days or longer, may become slimy. 
Forms about 1.5 per cent lactic acid. 

Utilizes casein and therefore important 
in cheese ripening. 

Acid from glucose, fructose, mannose, 
galactose, maltose, lactose, mannitol and 


salicin. May or may not ferment su¬ 
crose. Mostly dextro lactic acid formed 
though a small amount of levo lactic acid 
may be formed. Only lactic acid pro¬ 
duced with a trace of other by-products. 

This is the more common lactic acid 
rod found in milk and milk products. 
Orla-Jensen distinguishes it from Laclo- 
bacillus planlarurn in that it produces 
dextro lactic acid and usually ferments 
lactose more readily than sucrose or 

maltose. ^ 

Temperature relations: Optimum 30 C. 
Minimum 10°C. Maximum 37° to 
and with some strains 45^0. 

Microaerophilic. 

Source: From milk and cheese. 

Habitat: Probably more widely dis¬ 
tributed than indicated by isolations. 


10. Lactobacillus plantarum (Orla Jen¬ 
sen) Holland. {Sireplobaclerium plan- 
(arum Orla-Jenscn, The Ijictic Acic 
Bacteria, Copenhagen, 1919, 1"4; Bo¬ 
land, Jour. Bact., 5, 1920, 225 ) Irom 
Latin planta, sprout; M. L., a plant. 

Probable synonyms: Baallns pubu t 
acidi II Weiss, Inaug. Diss., Gottingen, 

1898; Cent. f. Bakt., II Abt., 5, 1899. 
599 {Lactobacillus pabuliacidi Bergey 
et al., Manual, 1st ed., 1923, 247), ® 

cillus cucumeris fermentali Ile.nnebe^, 
Ztschr. f. Spiritusindustire, 26, 1903. 
Cent. f. Bakt., II Abt., It, 1903, 166 
{Laclohacillus cucumeris Bergey ^ 

Manual, 1st ed., 1923, 250); ^^^*.!** 
U'orlmannii Henneberg, Cent. f. ' 
II Abt., II, 1903, 162 {Lactobacilli 

wortmannii Bergey et al., Manual, c 
ed., 1930, 288); Bacillus lisleri Henne¬ 
berg, Ztschr. f. Spiritusindustrie, » 

1903, 22; Cent. f. Bakt., H Abt., 
1903, 161 {Laclobacterium ^ 

Steenberge, Ann. Inst. Past., 3L ’ 
814; Lactobacillus lisleri Bergey ct si-. 
Manual, 1st ed., 1923, 248); 
maercki Henneberg, loc. cit.; 
leichmanni II Henneberg, loc. ' 
Bacillus beijerinckii Henneberg, 
f. Spiritusindustrie, 26, 1903, 22, 
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Cent. f. Bakt., II Abt.. 7/, 1903, 159 
{Laciobacilhis beijerinckii Bergey et al., 
Manual, 1st ed., 1923, 248); Lactobacillus 
penlosiis Fred, Peterson and Anderson, 
Jour. Biol. Chom., 4^, 1021, 410; Jour. 
Biol. Chem., 53, 1922, 111; Lactobacillus 
arabinosiis Fred, Peterson and Anderson, 
Jour. Biol. Chem., /,8, 1021. 410; Bac¬ 
terium husae asiaticae Tschekan, Cent, 
f. Bakt., II Abt., 78, 1929. 89 {Lacto¬ 
bacillus busaeasialicus Bergey et al., 
Manual, 3rd ed., 1930, 28S); Bacterium 
hrassicae Wehmer, Cent. f. Bakt., II 
Abt., 70, 1903, G28 {Lactobacillus bras- 
sicae LeFevre, Absf. Bact., 6, 1922, 25). 

Description from Orla-Jensen supple¬ 
mented by material from Pederson, Jour. 
Bact., 37, 1930, 217. 

Bods: Ordinarily 0.7 to 1.0 by 3.0 to 
8.0 microns, occurring singly or in short 
chains, with rounded ends. Under favor¬ 
able growth conditions these organisms 
tend to be short rods. Under adverse 
conditions they tend to be longer; for 
example, in tomato juice agar at 45®C 
(Pederson, N. Y. Agr. Exp. Sta. Tech. 
Bull. 150, 1929). In fermenting vege¬ 
tables, the organisms tend to become 
longer as the acidity becomes greater. 
The organisms are usually longer in milk 
than in broths. Differences in mor¬ 
phology are well illustrated by Orla- 
Jensen. Non-motile. Gram-positive. 

Gelatin-yeast extract-glucose stab: 
Filiform growth. No liquefaction. 

Agar slant; Growth, if any, is very 
faint. 

Broth: Turbid, clearing after a few 
days. A few strains flocculate. 

Litmus milk: Ackl, usually coagulated. 

Nitrites not produced from nitrates. 

The majority of strains form acid from 
glucose, fructose, mannose, galactose, 
arabinose, sucrose, maltose, lactose, 
raffinose and salicin, and to a lesser ex¬ 
tent, from sorbitol, mannitol, dextrin, 
glycerol and xylose. Rhamnose, starch 
and inulin usually not fermented. 

Lactic acid (usually inactive) with 
only small quantities of acetic acid and 
carbon dioxide is formed in the fermenta¬ 


tion of hexose sugars. Acetic and lactic 
acid are produced from the pentoses. 
Forms up to 1.2 per cent acid in broth. 

This species is the inactive lactic acid- 
producing rod from fermenting materials 
but is closely related to Lactobacillus 
casci. It ferments sucrose and maltose 
as readily as lactose. 

Salt tolerance: Usually grows in salt 
up to 5.5 per cent. 

Temperature relations: Optimum tem¬ 
perature 30®C. Minimum lO^C. Maxi¬ 
mum 40®C. Thermal death point 65® to 
75®C for 15 minutes. 

Microaerophilic. 

Sources from which isolated: Milk, 
cheese, butter, kefir, feces, fermenting 
potatoes, beets, corn, chard, bread dough, 
sauerkraut, cucumber pickles, tomato 
pickles, cauliflower pickles and spoiled 
tomato products. 

Habitat; Widely distributed in nature, 
particularly in fermenting plant and 
animal products. 

10a. Lactobacillus plantarum var. ru- 
densis Breed and Pederson (not Peter¬ 
son). (Jour. Bact., 38, 1038,667.) This 
chromogenic organism isolated from 
cheese is one of two species responsible 
for the development of rusty spots in 
cheese. It is impossible to determine 
whether the incompletely described 
species Bacillus rudensis Connell, Ca¬ 
nadian Dept, of Agric., Dairying Service, 
Ottawa, Report for 1897, 7 is identical 
with this variety of Lactobacillus plan- 
tarum or with Lactobacillits brevis var. 
rudensis (see species No. 12a). This 
chromogenesis is produced in starch 
media under anaerobic conditions. 

11. Lactobacillus leichmannii Bergey 
et al. {Bacillus leichmanni /, Henne- 
berg, Ztschr. f. Spiritusindustric, 26, 
1903, 22; see Cent. f. Bakt., II Abt., 77, 
1903,163; Bergey et al.. Manual, 2nd ed., 
1925, 180.) Named for Prof. G. Leich- 
mann, a German bacteriologist. 

Probable synonym: Bacillus leich¬ 
manni III, Henneberg, loc. cit. 


358 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Rods: 0.6 by 2.0 to 4.0 microns, occur¬ 
ring singly and in short chains. The 
cells show two or more deeply-staining 
granules. Xon-motile. Oram-positive. 
Gelatin stab; No liquefaction. 

Agar colonies: Small, clear with white 

centers. 

Agar slant: Limited, grayish streak, 
better growth in stab. 

Broth: Turbid. 

Nitrites not produced from nitrates. 
Acid from glucose, fructose, maltose, 
sucrose, trehalose, and slight amounts 
from galactose, mannitol and a-methyl- 
glucoside. Lactose, rafhnose, arabinose, 
rhamnose, dextrin anti inulin not fer¬ 
mented. Forms 1.3 per cent lactic acid 
in mash. 

Optimum temperature 36®C. Maxi¬ 
mum 40° to 46°C’. 

Microaerophilic. 

The species is apparently similar to 
Lactobacillus delbrueckii but has a lower 
optimum temperature. 

Source: From compressed yeast and 
from fermenting milk. 

Habitat; Dairy and plant products. 

12. Lactobacillus brevis (Orla-Jensen) 
Bergey et al. {Bacillus y, v. Freuden- 
reich, Ljindw. Jahrb. d. Schweiz, 1S91,22, 
Bacillus casei y, v. Freudenreich and 
rhoni, Landw. Jahrb. d. Schweiz, 1904, 
526; also Orla-Jensen, Cent. f. Bakt., 
[I Abt., IS, 1904 , 604; Betabacterium 
breve Orla-Jensen, The Lactic Acid Bac¬ 
teria, 1919, 175; Bergey et al., Maniud, 
4th ed., 1934, 312.) From U\tin brevis, 
short. 

Probable synonyms: Bacillus brassicac 
fermentatae Henneberg, Ztschr. f. Spiri- 
tusindustrie, 26, 1903; Cent. f. Bakt., II 
Abt., II, 1903, 167 {Lactobacillus fer¬ 
mentatae Bergey et al., Manual, 1st ed., 
1923, 252); Bacillus pants Jermentati 
Henneberg. Ztschr. f. Spiritusindustrie, 
26, 1903; Cent. f. Bakt., II Abt., II, 
1903, 168 {Lactobacillus panis Bergey 
etal., Manual, 1st ed., 1923,251); BaciL 
lus acidophil-aerogenes Torrey and Rahe, 
Jour. Inf. Dis., 17, 1915, 437 {Lactobacil¬ 


lus acidophil-aerogenes, Holland, Jour. 
Bact., 5, 1920, 216); Lactobacillus penlo- 
aceticus Fred, Peterson and Davenjwrt, 
Jour. Biol. Chem., 39, 1919, 357 ; Peterson 
and Fred, ibid., 42, 1920, 273; Lactobacil¬ 
lus pentoaceticus var. magnus Iwasaki, 
Jour. Agr. Chem. Soc. Japan, 1 ^, 1940. 
148; Lactobacillus lycopersici Mickle, 
Abst. Bact., 5. 1924, 403; Mickle and 
Breed, New York Agr. Exp. Sta. Tech. 
Bull. 110, 1925; Pederson, ibid., Tech. 
Bull. 150 and 151, 1929; Bacterium soya 
Saito, Cent. f. Bakt., II Abt., 17, 190', 
20 {Lactobacillus soyae Bergey et al., 
^lanual, 1st ed., 1923, 251). 

Bacillus caucasicus von Freuden¬ 
reich, Cent. f. Bakt., II Abt., S, 189(, 

135 and Betabacterium caucasicum Orla- 
Jensen, The Lactic .\cid Bacteria, 1.)19> 
173 were isolated from kefir grams 
and considered to be the organism Kern 
isolated in 1882. They are gas-producmg 
lactobacilli but are loss active toward 
sugars than Lactobacillus brevis. 

Description supplemented by 
from Pederson, Jour, of Bact., 35, 

105. 

Rods : 0.7 to 1.0 by 2.0 to 4.0 microns, 
with rounded ends, occurring singly 
in short chains, and occasionally in long 
filaments which may show granulation. 
Non-inotile. Gram-positive. 

Gelatin: No liquefaction. 

.\gar slant: Growth, if any. faint. 
Broth: Turbid, clearing after a tew 

days. . 

Milk: Acid produced but no clot excep 

with some freshly isolated strains. 
Does not attack casein as a rule. 

Is able to utilize calcium lactate as a 

source of carbon. 

Acid from anibinose, xylose, ^ ' 

fructose, galactose and maltose. 
vary in fermentation of lactose, 
mannose and raffinose. Salicin, . 

tol, glycerol, rhamnose, py 

and starch seldom fermented, tsua j 

shows a particularly vigorous fermenm 
tion of arabinose. ^ 

Lactic acid usually ij, 

acid, ethyl alcohol and carbon dionu 



FAMILY LACTOBACTERIACEAE 


350 


formed in fermentation of aldohexoses. 
Mannitol produced from fructose. Ace¬ 
tic and lactic acid produced from the 
pentoses. 

This species includes the large group 
of gas-producing lactic acid rods ordi¬ 
narily characterized by a marked fer¬ 
mentation of pentoses, particularly 
arabinose. They usually also ferment 
fructose more readily than glucose. 

Temperature relations : Optimum 30®C. 
Growth poor below 15® and above 37®C. 
Maximum 38°('. 

Source: From milk, kefir, cheese, 
feces, fermenting sauerkraut, ensilage, 
manure, soils, sour dough, and spoiled 
tomato products. 

Habitat; Widely distributed in nature, 
particularly in plantandanimal products. 

12a. Lactobacillus brevis var. ruderisis 
Breed and Pederson. {Lactobacillus ru- 
densis Davis and Mattick, Proc. Soc. 
Agr. Bact., 1936, 3 (this organism is pre¬ 
sumably the same as Bacillus rudensis 
Davis and Mattick, Jour. Dairy Res., 1, 
1929, 50); Breed and Pederson (not 
Peterson), Jour. Bact., 36, 1938, 667.) 
This chromogenic variety isolated from 
cheese is a causative agent in the pro¬ 
duction of rusty spot in cheese. From a 
study of cultures, it is regarded as a 
chromogenic variety of Lactobacillus 
brevis. See also species No. 10a. 

13. Lactobacillus buchneri (Henne- 
berg) Bergcy ct al. {Bacillus buchneri 
Henneberg, Cent. f. Bakt., II Abt., 
II, 1903, 163; Bergey et al.. Manual, 1st 
ed., 1923, 251.) Named for Prof. E. 
Buchner, a German bacteriologist. 

Probable synonyms: Bacillus wehmeri 
Henneberg, Cent. f. Bakt., II Abt., II, 
1903, 165 {Lactobacillus wehmeri Bergey 
et al., Manual, 1st ed., 1923, 249); Ba¬ 
cillus hayducki Henneberg, Cent. f. 
Bakt., II Abt., II, 1903, 163 {Lactobacil¬ 
lus hayduckii Bergey et al.. Manual, 1st 
ed., 1923, 253); Bacterium mannitopoeum 
Mtillor-Thurgau, Cent. f. Bakt., II Abt., 
20, 1908, 396; ibid., S6, 1912, 129; ibid., 


48, 1917 {Lactobacillus mannitopoeus 

Pederson, New York .\gr. Kxp. Sta. 
Tech. Bull. 150 and 151, 1929; Lacto¬ 
bacillus mannitopoeus var. fermentus 
Iwasaki, Jour. Agr. Chein. Soc. Japan, 
16, 1940, 148). 

Description supplemented by material 
from Pederson, Jour. Bact., 35, 1938, 107. 

Rods: 0.35 by 0.7 to 4.0 microns, occur¬ 
ring singly, in pairs and chains or in fila¬ 
ments 25 microns or longer. Non-motile. 
Gram-positive. 

Agar colonies: White to yellowish, ad¬ 
herent. 

Agar slant: Growth, if any, faint. 
Broth: Turbid, clearing after a few 
days. 

Litmus milk: Usually unchanged but 
may be slightly acid with no reduction. 
Nitrites not produced from nitrates. 
Acid usually from arabinose, xylose, 
glucose, fructose, galactose, mannose, 
sucrose, lactose, maltose and rallinose. 
Mannitol, sorbitol, glycerol, rhamnose, 
salicin, inulin, dextrin and starch fer¬ 
mented by a few strains. 

Lactic acid usually inactive. Acetic 
acid, ethyl alcohol and carbon dioxide 
formed in the fermentation of aldo¬ 
hexoses. Mannitol produced from fruc¬ 
tose. Acetic and lactic acid from pen¬ 
toses. 

Strains of this species might be con¬ 
sidered intermediates between Lacto¬ 
bacillus brevis and Lactobacillus fermenti. 

Forms 1.3 per cent lactic acid in mash 
and 2.7 per cent alcohol. 

Optimum temperature 32® to 37®C. 
Minimum 10® to 15®C. Maximum 44® 
to 48®C. 

Source; From sour mash, pressed yeast, 
molasses, wine, catsup and sauerkraut. 

Habitat: Widely distributed in fer¬ 
menting substances. 

14. Lactobacillus pastorlanus (Van 
Laer) Bergey et al. {Saccharobacillus 
pasiorianus Van Laer, Cont. I’Histoirc 
des Ferments des Hydrates de Carbone, 
Acad. Roy. de Beige, 1892; Bacillus pas- 
torianus Mac5, Traits Pratique de Bact., 
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4th cd., 1901, 957; Laclobacterium pas- 
iorianum van Steenberge, Ann. Inst. 
Pasl.,S4,1920,816; Bergey etal., Manual, 
1st cd., J9J3, 246.) Named for Pasteur, 
French chemist; from Latin pastor, a 
herdsman. 

Probable synonyms: Saccharobacillus 
pasiorianus var. berolinensis Hennebcrg, 
Cent. f. Bakt., II Abt., 8, 1902, 186 
{Lactobacillus berolinensis Bergey et al., 
Manual, 1st ed., 1923, 246); Bacillus 
lindneri Henneberg, Wochnschr. f. Brau- 
erei, 18, 1901, No. 30; Cent. f. Bakt., II 
Abt., 8, 1902, 184 {Lactobacillus lindneri 
Bergey ctal.,Manual, 1st ed., 1923,245); 
Bacillus fascifonnis Schonfeld and Rom¬ 
mel, Wochnschr. f. Brauerei, 19, 1902, 
No. 40; abst. in Cent. f. Bakt., II Abt., 
9, 1902,807 {Saccharobacillus berolinensis 

fascijormis Henneberg, Handb. der Gii- 
rungsbakteriologie, 2, 1926, 123; Bacillus 
belorinensis (sic, evidently intended for 
Bacillus berolmensis) Otani, Cent. f. 
Bakt., II Abt., 101, 1939, 149). 

Description supplemented by material 
fro.m Henneberg, Cent. f. Bakt., II Abt., 
8, 1902, 184; Shimwell, Jour. Inst. Brcw- 
411 1935, 481; and Pederson, Jour. 
Bact.,55, 1938, 107. 

Rods: 0.5 to 1.0 by 7.0 to 35.0 microns, 
occurring singly and in chains. Non- 
motile. Gram-positive. 

Gelatin colonies: No growth. 

Beer wort gelatin stab: Beaded to 
arborescent growth. 

Beer wort agar colonics: Small, gray, 
raised, Blamcntous. 

Agar slant: Little or no growth; better 
in stab. 

Broth: Good growth in yeast extract. 
Turbid. 

Litmus milk: Acid. 

Nitrites not produced from nitrates. 

Acid from arabinose, glucose, fructose, 
galactose, maltose, sucrose, de.xtrin, 
raffinose, trehalose and mannitol and 
slightly from lactose and starch. No acid 
frolh xylose, rhamnose or inulin. Forms 
1.5 per cent acid in mash. Also forms 
COj and alcohol, lactic, formic and acetic 
acid. 


The species includes tlie ordinarily 
long rod types from spoiled beers. Ap¬ 
parently the same variations in regard to 
sugar fermentation may be found as are 
noted for similar species. 

Optimum temperature 29® to 33®C. 
Minimum 11°C. Maximum 37°C. 
Microaerophilic. 

Source: From sour beer and from dis¬ 
tillery yeast. 

Habitat: Probably more widely dis¬ 
tributed than indicated by isolations. 

15. Lactobacillus fennentl Beijcrinck. 
(Beijerinck, Arch, n^erl. d. sci. exactea 
ct nat., S4r. 2, 7, 1901, 212; Smit, Ztschr. 
f. GarungsphysioL, 5, 1916, 273; Lacto- 
bacterium ferme7itum van Steenberge, 
Ann. Inst. Past., 54,-1920, 816.) From 
Latin Jermenlum, ferment, yeast. 

Probable synonyms: Bacillus h, von 
Freudenreich, Cent. f. Bakt., H Abt., 
1, 1895, 173; also Landw. Jahrb. d. 
Schweiz, 1895, 211; Bacillus casei 5, von 
Freudenreich and Thbni, Landw, Jahrb. 
d. Schweiz, 1904, 526; also Orla-Jensen, 
Cent. f. Bakt., II Abt., IS, 1904, 609; 
Betabacteriuni longum Orla-Jensen, The 
Lactic Acid Bacteria, 1919, 174 {Lacto¬ 
bacillus longus Bergey ct al., Manual, 4th 
ed., 1934, 312); Bacterium gayonii MuL 
ler-Thurgau and Osterwalder, Cent, f- 
Bakt., II Abt., 48, 1917, 1 {Lactobacillus 
gayonii Pederson, New York Agr. Exp. 
Sta. Tech. Bull. 150 and 151, 1929): 

Bacterium intermedium Muller-Thurgau 

and Osterwalder, Cent. f. Biikt., II Abt.) 
48, 1917, 1 {Lactobacillus intermedium 
Bergey etal.. Manual, 3rd ed., 1930,295), 
Bacillus aderholdi Henneberg, Cent. 
Bakt., II Abt., II, 1903, 166. . 

Description supplemented by 
from Pederson, Jour. Bact., SS, 1938,1 
Rods: Variable, usually short (Beije 
rinck), 0.5 to 1.0 by 3.0 to 15.0 microns 
(Smit), sometimes in pairs or chains- 
Non-motile. Gram-positive ... 

Yeast extract-glucose-gelatin: Fi * 

form, no liquefaction (Pederson). 

Agar colonies: Flat, circular, s > 
translucent like droplets of water. 
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Agar slant: Growth, if any, scant. 

Broth: Turbid, clearing after a few 
days. 

Milk: Unchanged or slightly acid. 
Nitrites not produced from nitrates. 
Reduction of litmus, methylene blue, 
indigo carmine, sodium thiosulfate. 
NaiSOa is reduced to H;S (Smit). 

Acid usually from glucose, fructose, 
maltose, sucrose and lactose (Beijerinck) 
and mannose, galactose, and raffinose; 
some strains ferment xylose; usually 
does not ferment arabinose, rhamnose, 
sorbitol, mannitol, inulin, dextrin, starch 

or salicin (Pederson). 

Lactic acid, usually inactive; acetic 
acid, ethyl alcohol and carbon dioxide are 
formed in the fermentation of aldehcxoses 
(Smit), (Pederson). Mannitol is formed 
in the fermentation of fructose (Beije¬ 
rinck), (Smit). Acetic acid and lactic 
acid are produced from pentoses if they 
are fermented (Pederson). 

These are the higher temperature gas- 
producing rods. They usually do not 
ferment the pentoses but w’hcn they do, 
the fermentation is seldom as active as 
that produced by strains of Laclobacillus 
brevis. 

Temperature relations: Optimum 41® 
to 42®C. Minimum 15® to 18®C. Maxi¬ 
mum 48® to 50®C. 

Microaerophilic. 

Source: From yeast, milk products, 
fermenting dough, potatoes or vegetables, 
tomato products and wine. 

Habitat: Widely distributed in nature, 
particularly in fermenting plant or ani¬ 
mal products. 

Appendix I:* The following species 
probably should be included in the genus 
Lactobacillus. Many are diiplicates of 
the species described in full, but the ma- 



they cannot be properly identified. 


Acidobacterium aerogenes Schlirf. 
(Stiibchen Ka, llcim, Cent. f. Bakt., I 
Abt., Orig., 93, 1924, 252; Schlirf, Cent, 
f. Bakt., I Abt., Orig., 97, 1925, 114; 
Plocamobactcrium aerogenes Lehmann, in 
Lehmann and Neumann, Bakt. Diag., 

7 Aufl., 2, 1027, 509.) Possibly Lacto¬ 
bacillus brevis Bergey et al. Produces 
acid and gas from glucose. From dental 
caries, mouth cavity and intestine. 

Acidobacterium laclis lleim. (Ileim, 
quoted from Sclilirf, Cent. f. Bakt., I 
Abt., Orig., 97, 1925, 113.) Schlirf says 
that this species is probably identical 
with Bacillus necrodentalis Goadby. 
llegarded by Lehmann (in Lehmann and 
Neumann, Bakt. Diug., 7 Aull., 2, 1927, 
507-508) as identical with Bacillus acido¬ 
philus Moro; or it may be identical 
with Streptobaclerium casei Orla-Jenscu. 
From dental caries, deposit on tongue 
and in intestine. 

Acidobacleriurn moroi Schlirf. (Stiib- 
chen Kc, Ileim, Cent. f. Bakt., I Abt., 
Orig., 93, 1924, 252; Schlirf, Cent, f 
Bakt., I Abt., Orig., 97, 1925, 114 
Plocamobacierium moroi Lehmann, in 
Lehmann and Neumann, Bakt. Diag., 
7 Aufl., 2, 1927, 508.) From the in¬ 
testine. Similar to Acidobacterium lac¬ 
lis. Kuchinka (Cent. f. Bakt., I Abt., 
Orig., lU, 1939, 370) reports this or¬ 
ganism as occurring in two cases of 
meningitis. 

Bacillus bifidus aerobius Hcurlin. 
(Bakt. Unters. d. Keimgehaltcs im 
Genitalkanale d. fiebernden Wochnerin- 
nen. Helsinfors, 1910, 93.) From the 
genital canal. Resembles Bacillus bi¬ 
fidus communis Tissier. 

Bacillus bifidus capitatus Pleurlin. 
(Bakt. Unters. d. Keimgchaltes im 
Genitalkanale d. fiebernden Wochnerin- 
nen. Helsingfors, 1910, 175.) From the 
genital canal. 

Bacillus carpalhiens Kindraizuk. 
(Oesterr. Molkerei Zeit., 29, 1912, 257.) 


• Arranged by Prof. C. S. Pederson, New York State Experiment Station. Geneva, 
New York, March, 1945. 


362 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


From the sour milk of the Carpathian 
region. Presumably Lactobacillus hul- 
garicus. 

Bacillus circularis minor Heurlin. 
(Bakt. Unters. d. Keimgehaltes im 
Genitalkanale d. fiebernden Wochnerin- 
nen. Helsingfors, 1910, 170.) From the 
genital canal. Anaerobic. 

Bacillus necrodcntalis Goadby. 
(Goadby, Microorganisms in dental ca¬ 
ries, Dental Cosmos, 4^, 1900, 213.) 
From dental caries. 

Bacillus orenburgii Horowitz-Wlas- 
sowa. (Cent. f. Bakt., II Abt., 64, 
1925, 338.) From kumys (Caucasus). 
Presumably Lactobacillus bulgaricus. 

Bacillus orientate Batchinsky. 
(Batchinsky, Arch. d. Gesellsch. d. 
Naturf. St. Petersburg, 4^, 1911; (quoted 
from Horowitz-Wlassowa, Cent. f. Bakt., 
II Abt., 64, 1925, 330.) From kumys in 
Ufa (U.S.S.U.). Presumably Lactobacil¬ 
lus bulgaricus. 

Bacillus sardous Grixoni. (Annali di 
Med. Navale, 112, 1905, 223 and Cent. f. 
Bakt., II Abt., 16, 1905, 951; Bacterium 
sardum miciurati Bianco, II Cesalpino, 
8 , 1912, 33.) From gioddu (Sardinia). 
Presumably Lactobacillus bulgaricus. 

Bacillus vagiriae Kruse. (Scheiden- 
bacillen, Docderlein, Das Scheidensekret 
und seine Bedeutung fur das Puerperal- 
fieber, Leipzig, 1892,32; Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
358; Bacillus vaginalis longus Heurlin, 
Bakt. Unters. d. Keimgehaltes im Geni> 
talkanale d. fiebernden Wochnerinnen. 
Helsingsfors, 1910,170; Bacillus vaginalis 
Jotten, Arch. f. Hyg., 91, 1922, 149; 
Stabchen Ke, Heim, Cent. f. Bakt., I 
Abt., Grig., 93, 1924, 252; Acidobacterium 
doederleinii Heim, quoted from Schlirf 
Cent. f. Bakt., I Abt., Grig., 97, 1925 
104; Plocamobacterium vaginae Lehmann 
in Lehmann and Neumann, Bakt. Diag. 
7 Aufl., 2, 1927, 510; Laclobacillus doeder 
lein Gillespie and Rettger, Jour. Bact. 
36, 1938, 623.) Kruse (Allgemeine Mi 
krobiol., 1910, 287) considers this species 
a “langen Milchsaurebacillus’' all of 
which he would group under the name 


Bacillus laciicus (not Bacillus lacticus 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 356 as this is Streptococcus 
lactis Ijohnis). Jotten {loc. cit.) and 
Thomas (Jour. Inf. Dis., 45, 1928, 218) 
consider tliis species identical with 
Lactobacillus acidophilus (Moro) Hol¬ 
land. From the secretion of the normal 
vagina. Bee Bacillus crassus Lipschiitz. 
Bacterium gradle Midler-l hurgau. 

(Cent. f. Bakt., II .Abt., 20 , 1908 , 396; 
Muller-Thurgau and Osterwalder, ibid., 
36, 1912, 157; ibid., 48, 1917, 1; Lacto¬ 
bacillus gracile Bergcy et al., Manual, 
3rd ed., 1930, 297.) This organism which 
was isolated from wine is probably not a 
lactobacillus. It may belong to the 
genus Leuconostoc (subculture examined 

in 1936, C. S. Pederson). 

Bacieriitm granulosum Lehmann and 
Neumann. (Kbrnchenbacillus, Luers- 

sen and Kiihn, Cent. f. Bakt., II Abt., 


20, 1907, 241; Lehmann and Neumann, 
Bakt. Diag., 5 Aufl., 2, 1912, 306.) From 
yoghurt (Bulgaria). Presumably Lacto¬ 
bacillus bulgaricus. 

Bacterium lactis commune Hohen 
nadel. (Arch. f. Hyg., 86 , 1916 , 237.) 
From feces. Similar to Lactobacillus 

acidophilus (Moro) Holland. 

Bacterium mazun Weigmann, Gru er 


and Huss. (Milchsiiurebakterium aus 

Mazun, Diiggeli, Cent. f. Bakt., H Abt., 
16, 1905, 595; Weigmann et al.. Cent. 1- 
Bakt., 11 Abt., 19, 1907, 78.) Jrom 
mazun (Armenia). Presumably ^ 
bacillus bulgaricus. .. 

Bacterium vermiforme Ward. ( * ' 

Tran. Roy. Soc. London, 183, 1892, * 

Bacillus rermi/ormts Migula, Syst. 
Bakt., 2, 1900, 652; Betabacterium vermi¬ 
forme Mayer, Inaug. Diss., 
Utrecht, 1938.) Griginally isolated ro 

the ginger beer plant fermentatiom 
This is presumably a slime-formm 

lactobacillus. j 

Bacteroides aerofaciens Eggert 
Bacteroidcs biformis Eggerth. ® 
Bact., SO, 1935, 282-283.) ^rom fe • 
Possibly lactobacilli but their re a 
ships are not definitely knoia,n. 
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LactobaciUiis bcladclbrueckii Kitahara. 
(Bull. Agr. Chcm. Soc. Japan, Tokyo, 16, 
1040, 123.) From cereal mash. 

Lactobacillus caneus Kitahara {loc. 
cit.). From cereal mash. 

Lactobacillus ciliatus Ivitahara (loc. 
cit.). From cereal mash. 

Lactobacillus ctizymothirmophilus 

Buck. (.\mer. Jour. Bub. Health, 32, 
1942, 1230.) A thermophilic (growth at 
52° and 62°C) presumably spore-forming 
bacillus isolated from pasteurized milk. 

Lactobacillus Jructovorans Charlton, 
Nelson and Werkman. (Iowa State 
Coil. Jour. Sci., 9, 1934, 1.) From sala<l 
dressing. Similar to Lactobacillus breris. 

Lactobacillus hiUjardii Douglas and 
Cruess. (Food Research, 1, 193G, 113.) 
This organism was isolateil fi’om wine but 
is not completely described and so can¬ 
not be compared with previously de¬ 
scribed species. 

Lactobacillus hi/uchi Olani, Lactobacil¬ 
lus hyochi vur. 1, Otani, Lactobacillus 
hyochi var. 2, Otani, Lactobacillus fila- 
ynentosus Otani, Lactobacillus alcohol- 
philus Otani, and Lactobacillus .sapro- 
genes Otani. (Jour. Faculty of Agric., 
Hokkaido Imp. Univ., 3-9, 1936, 2.) 
These organisms were isolated from sake. 
With the i)ossible exception of the last 
type, they arc probably identical with 
Lactobacillus plantarinn or closely related 
species. 

Lactobacillus odontolyticus Rodriguez. 
{liacillus acidophilus odontolyticus I 
and //, McIntosh, James and I. 4 izarus- 
Barlow, Brit. Jour. Exp. Med. and Path., 
3, 1922,141} Bacillus acidophilus odonto¬ 
lyticus, ibid., 145; Lactobacillus odonto¬ 
lyticus and Lactobacillus odontolyticus 
Types 1, 11 and III, Rodriguez, Military 
Dent. Jour., 6 , 1922, 206; Bacillus odon¬ 
tolyticus McIntosh, James and Ijazarus- 
Barlow, Brit. Jour. Exp. Mc<l. and Path., 
5, 1924, 178; Bacillus acidophilus-odon- 
lolyticus Rosebury, Linton and Buch- 
bindcr. Jour. Bact., 18, 1929, 395; Lacto¬ 
bacillus odontolyticus / and //, Topley 
and Wilson, Princ. Bact. and Immun., 
2nd ed., 1936, 688 .) From dental caries. 


Type 1 resembles and is jmssibly identi¬ 
cal with Bacillus acidophilus Moro and 
Doederlein’s bacillus {Bacillus vaginae 
Kruse). See Rosebury. Bact. Rev., 

S, 1944, 1S9 and Arch, of Path., 38, 1944, 
413. Type II .shows considerable pleo- 
morphism. short coccal forms appearing 
in the nu)re alkaline meilia (McIntosh, 
•James aiul Lazarus-Barlow. Brit. Jour. 
Exp. Med. and Path., 5, 1924, 183). 
Types I, 11 and HI of Rodriguez {loc. 
cit.) do not correspond with Types I and 
II of McIntosh et al. or with the group¬ 
ings of Howe atid Hatch (Jour. Med. 
Res., 36, 1917, 481). 

Lactobacillus panis acidi Nikolaev. 
(Wiss. Forschungsinst. Biiker^i indust., 
r. S. S. R.. 5, 1933, 3-11.) Four isola¬ 
tions from bread tlough designated by 
the (Jreek letters, a, &, yi and 7 *. 

Lactobacillus sake Katagiri, Kitahara, 
Fukaini and Sugase. (Bull, .\gric. 
f'hem. Soc. Japan. W, 1934, 153.) 1‘rom 
mash used in the inanufactuic of sake. 
Similar to Lactobacillus plantnrum. 

Laclobacillus xylusus Kitahara. (Bull. 
Agr. ('hem. Soc. Japan, Tokyo, 16, 1940, 
123.) From cereal mash. 

Lactobaclcriuui cerevisiae van Steen- 

berge;. (Ann. Inst. Past., 33. 192t), 806.) 
From beer. 

Lactobacierium conylome.ratum van 
Steenberge {loc. cit., 812). krom beer- 
wort . 

Lactobacierium fdatim van Steenberge 
(Joe. cit., 812). From beer-wort. 

Lactobacierium Jloccoyenum van Stceii- 
herge {loc. cit., 812). From beer-wort. 

Laclobacterium grave van Steenberge 
{loc. cit., 814). From beer-wort. 

Laclobacterium muliivolaticurn van 
Steenberge {loc. cit., 814). From beer- 
wort. 

Laclobacterium mullivolatigenum van 
Steenberge {loc. cit., 812). From beer- 
wort. 

Lactobacierium oligoacidificans van 
Steenberge, {loc. cit., 814). From beer- 

wort. 
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Lactobacterium parcifermcntans van 
Steenbergo doc. cii., S12). From beer- 
wort. 

Loctobaclcrium Urricola van Steenberge 
{loc. cit.y 806). From garden soil. 

Lactobaclerium viscojenum van Steen¬ 
berge {loc. Cl/., 814). From beer-wort. 

Slreptobacillus lebenis Rist and 
Khoury. (Rist and Khoury, Ann. Inst. 
Past., 16, 1002, 70; liacillns lebeni 
Kuntze, Cent. f. Bakt., II Abt.,3/, 1908, 
744; Slreptobacillus Icbensis a and 0 
Lohuis, Cent. f. Bakt., II .\bt., 22, 1900, 
553; Slreptobacillus lebenis viscosus and 
Slrcpiobacillns lebenis nonviscosus Se- 
verin, Cent. f. Bakt., II Abt., 24, 1909, 
4S8; Baderium lebctiis Lehmann and 
Neumann, Bakt. Diag., 5 AiiO., 2, 1912, 
308.) From leben (Egypt and Near 
Ea.st). Presumably Ladobacillus bul- 
(jariens. 

Strepioihrix dadlii Chatterjee. (Cent, 
f. Bakt., I Abt., Orig., 53, 1910, 111.) 
From sour milk (dadlii) of India. Pre¬ 
sumably Lactobacillus bulgnricus. 

Thermohactcrium jugurt Orla-Jensen. 
(Yoghurt baklerium, Kuntze, Cent. f. 
Bakt., U Abt., 2/, 1908, 737; Orla-Jensen, 
The lactic Acid Bacteria, 1919, 164; 
Lactobacillus jiigiir/Holland, Jour. Bact., 
5, 1920,225.) From jughurt (Bulgaria). 
Presumably Lactobacillus bulgaricus. 

Thcrmobacterium mathiacolle Cecilia. 

• (Le Bait, 20, 1940, 385-390.) From 
sweetened condensed milk. Possibly a 
spore-former. 

Appendix II:* The genus Leptotrickia 
Trevisan, 1879 is no longer recognized as 
a valid genus. While the confusion with 
Lcplothrix KiUzing, 1843 was corrected 
by Tievis:in’s work, the identity of the 
type species, Leptotrickia buccalis, is un¬ 
certain. Few of the species that have 
been placed in Leptothrix and Lepto- 
trichia arc well enough described to be 
recognized with certainty. 


All descriptions of Leptotrickia buccalis 
published earlier than 18S6 arc based on 
microscopic observations only. This is 
also true of the three species of Lepto¬ 
thrix recognized by Miller U)ie Mikro- 
organismen <ler Mundhohle, Leipzig, 
1889, 69-80). The species that he dis¬ 
tinguished in this way are recognized in 
the seven editions of Lehmann and 
Neumann's Bakteriologische Diagnostik 
published from 1896 to 1927. Chester 
(Munuiil Determ. Bact., 1901, 371) also 
follows Miller’s ideas in regar<l to the 
nature of the species of Leptothrix. 
These authors felt that the identity of 
the true Leptotrickia buccalis was doubt¬ 
ful. 

On the other hand, Vignal (Arch, de 
Physiol, norm, et path., 8, 1 SS 6 , 337) 
isolated what he thought to be this or¬ 
ganism, and it is his description that is 
used with minor changes by Lisenberg 
(Bakt. Diag., 3 Aufi., 1891, 134), Migula 
(Syst. d. Bakt., 2, 1900, 445) and m all 
editions of Borgey’s Manual (1^2 
1939) up to the present edition. A study 
of \*ignaPs work shows, however, that 
the filamentous organism that he isolate 

and grew readily in broth, agar and gelatin 

cultures was in all probability ^ 
the common spore-formers. R 6'’®" 
rarely on the plates inoculated 
material from the mouth. As is clear y 
shown in his drawing and descriptioi^i 
it liquefied gelatin rather quickly 
the formation of the characteristic w^ 
kled pellicle of a spore-former. 
after, Arustamow (Wratsch, 

3 and 4; abstract in Cent, f- 
6 , 1889, 349) isolated a similar aero * ^ 


filamentous organism that grew 


readily 


at 37°C on agar and gelatin, but he a 
noted large numbers of very tiny co 
of a microaerophilic bacterium w > 
may have been the lactobacilU or ac 
bacilli-like organisms of later au 
Even recent excellent reviews o 


* Completely rearranged by Prof. Robert S. Breed and Prof. Carl S. Pederson, N 
York State Experiment Station, Geneva, New York, March, 1945. 



FAMILY LACTOBACTERIACEAE 


365 


early literature (Buchanan, Systematic 
Bact., 1925, 345-353; Thj^tta, Hart¬ 
mann and B0e, Norske Videnkaps Akad. 
i Oslo, I, Math.-Nat. Klasse, No. 5, 
1939,41 pp.) or reviews of the voluminous 
studies of the past thirty years (Rose- 
bury, Bact. Rev., 8 , 1944, 198) fail to 
clear away all of the confusion tliat has 
arisen. 

Some investigators, such as Heim 
(Sitzber. d. physik.-med. Soz. in 
Erlangen for 1922-23, 54, 1925, 121) and 
his co-workers, grew the mouth strepto¬ 
cocci readily and thought them important 
as the cause of dental caries. Others 
following the lead of Kligler (Jour. Allied 
Dental Soc., JO, 1915, 282 and 445) and 
Wherry and Oliver (Jour. Inf. Dis., 19, 
1916, 299) have found the most important 
organisms of caries to be the long, Gram- 
positive, granular, non-motilc rods that 
grow like lactobacilli. But even here 
it is not altogether clear whether 
the high acid-producing {Bacillus aci¬ 
dophilus odontolylicus McIntosh, James 
and- Lazarus-Barlow, British Jour. 
Exper. Path., 3, 1922, 145) or the low 
acid-producing type {Leplothrichia buc- 
call's Thj0tta et al., loc. cit., 31) of rods 
really represents the Lcplothrix buccalis 
of early observers. Some observers, 
e. g., Ballcid (Brit. Dent. Jour., 4^, 
1925, 289), have even identified a branch¬ 
ing organism of the mouth, Actinomyces 
israeli, as Leptotrichia buccalis accord¬ 
ing to Rosebury (loc. cit., 200). 

As these mouth organisms are appar¬ 
ently better placed in other genera so 
fur as they have been definitely identi¬ 
fied, the genus and the species that have 
been described as belonging in it are 
merely listed here. 

Oenus A. Leptotrichia Trevisan. 

(Trevisan, Reale Istituto Lombardo 
di Scienze e Lettere, Ser. II, 4, 1879, 
147; not Leptothrix Kutzing, Phycologica 
Generalis, 1843, 198; Bacteriopsis Trevi¬ 
san, Atti della Accad. Fisio-Medico- 
Statietica in Milano, Ser. IV, 5, 1885, 


103; Rasmussenia Do Toni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
930; Syncrolis Enderlein, Sitzber. Gesell. 
Naturf. Freunde, Berlin, 1917, 312.) 

The type species is Leptotrichia 
buccalis (Robin) Trevisan. 

Leptotrichia buccalis (Robin) Trevisan. 
{Leptothrix buccalis Robin, Histoire 
naturelle des v4g(5taux parasites, Paris, 
1853 , 354; Trevisan, Reale Istituto 
Lombardo di Scienze e Lettere, Ser. II, 
4, 1879, 147; Leptothrix III, Rasmus¬ 
sen, Om Dryckning of Microorganismer 
fra Spyt of sunde Mannesker, 1883; 
Rasmussenia buccalis De Toni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8 , 1889, 930; Bacterium buccale Migula, 
Syst. d. Bakt., 2, 1900, 445; not Lepto¬ 
thrix buccalis Chester, Manual Determ. 
Bakt., 1901, 371; not Bacillus buccalis 
Chester, ibid., 234; not Bacillus buccalis 
Trevisan, I generi e le specie dclle Bat- 
tcriacee, 1889, 15; Syncrotis buccalis 
Enderlein, Sitzungsber. Ges. Naturf. 
Freunde, Berlin, 1917, 312; Bacillus 
buccalis Holland, Jour. Bact., 5, 1920, 
217.) From the mouth. 

Other species that have been associated 

with this genus are as follows : 

Bacillus maxhnus buccalis Miller. 
(Deutsche med. Wchnschr., 14, 1888,612; 
Bacillus 6urca/i5 Trevisan, 1 generi e le 
specie delle Batteriacee, 1889,15 ) From 
the mouth. Regarded by Goadby (The 
Mycology of the Mouth, London, 1903) 
and by Kligler (Jour. Allied Dental Soc., 
10, 1915, 152) as a spore-former. 

Leptothrix asteroide Mendel. (Compt. 
rend. Soc. Biol., Paris. 81, 1918, 471-475.) 
From the mouth. Rosebury (Bact. Rev., 
8 , 1944 , 202) thinks this Gram-negative, 
anaerobic organism belongs in Bacteroides 

Castellani and Chalmers. 

Leptothrix anaerobius tenuis Lewko- 
wicz. (Arch. m^d. exp. anat. path,, 
13, 1901, 633; Leptothrix tenuis Weinberg 
et al., Les Microbes Ana^robies, 1937, 
844; Pseudoleplolhrix tenuis Pr^vot, 
Ann. Inst. Past., 90, 1938, 301.) From 
mouths of infants. 
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Leptoihrix falciformis Beust. (Dental 
Cosmos, 50, 1908, 594; Jour. Dent. Res., 
16, 1937. 379.) From the mouth. 

Leptothrix fdiformis Castellani and 
Chalmers. {Bacillus {Leptothrix?) pyo¬ 
genes filijormis Flexner, Jour. Exp. Med., 

1 , 1896, 211; Castellani and Chalmers, 
Man. Trop. Med., 3rd cd., 1919, 1068.) 
From the genital tract and thoracic cavi¬ 
ties of a rabbit with an acute pleuritis, 
pericarditis, pneumonia and acute 
endometritis. Gram-negative. Not re¬ 
garded as identical with Bacillus pili- 
formis Tyzzer (Jour. Med. Res., 37, 
1917, 307) which is a spore-former. 

Leptothrix giganlea Miller. (Miller, 
Ber.d. deutsch. bot. Gesell.,/, 1883,221; 
Leptotrichia gigantea Trevisan, Igeneri e 
le specie delle Batteriacee, 1889, 10; 
Rasmussenia gigantea De Toni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8 , 
1889, 930.) From pyorrhcca in dogs, 
swine and sheep. This name was 
applied to a mixture of specie.s. 

Leptothrix hacynoglobinophila sporulens 
Mackenzie. (In System of Bad., Med. 
Res. Council, London, 8,1931,99.) From 
cerebro-spinal fluid. A Gram-negative 
spore-former. 

Leptothrix inriorninata Miller. (Die 
Mikroorganismen der Mundhohle, 1889, 
51, Leipzig; Pseudoleptothrix innominata 
Pr^vot, Ann. Inst. Past., 60, 1938, 301.) 
Pr6vot {loc. cit.) regards this species as 
type for his new genus Pseudoleptothrix. 
Proposed to include all filamentous forms 
from the mouth that resemble Leptothrix 
buccalis Robin. 

Leptothrix insectorum Robin. (His- 
toire naturelle der v(5g^taux parasites, 
Paris, 1853, 354.) From the rectums of 
insects. 

Leptothrix maxirna buccalis Miller. 
(Miller, Deutsche med. Wchnschr., U, 
1888, 612; Leptotrichia maxima Trevisan, 
I generi e le specie delle Batteriacee, 1889, 
10; Rasmussenia maxima De Toni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8 , 1889, 930; Leptothrix 6Mcca/is Chester, 
Man. Determ. Bad., 1901, 371; Bacillus 


maximns Goadby, Mycology of the 
Mouth, 1903, 191.) From the mouth. 

Leptothrix parasitica Kiitzing. (Ktit- 
zing, Bot. Zeitg., 1847, 220; quoted from 
Winter, in Die Pilze, Rabenhorst’s 
Kryptogamen Flora, 2 Aufl., 1, 1880, 
57; Bacterium parasilicum Billet, Bull. 
Sci. de la France et de la Belgique, Paris, 
21, 1890, 199.) From a brownish deposit 
on algae. 

Leptothrix preputialis \icentini. 
(.Atti Accad. Med. Chir. di Napoli, 
1890-91, quoted from Vicentini, Bacteria 
of the Sputa. Trans, by Stuter and 
Saieghi, London, 1897, 89.) From the 
urethra. 

Leptothrix pyogenes cuniculi Musca- 
tello. (Muscatello, 1899, quoted from 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 57Leptotrichia cunieuh 
(sic) Nannizzi, ibid., 57.) From spon¬ 
taneous suppuration in a rabbit. 

Leptothrix racemosa Vicentini. 
(Vicentini, Atti d. r. Accad. Med.-Chir. 
di Napoli, 4^, 1892, 459; Lepiotnekta 
racemosa Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4, 1934, 56.) From 
the mouth. Conidia-like bodies are 
described. See Vicentini, Bact. of t e 
Sputa, Eng.Trans, by Stuter and Saieghi, 
London, 1897 and Williams, Dental 
Cosmos, 4f, 1899, 330. 

Leptothrix racemosa vincenti (s*® 
Mackenzie. (Leptothrix, Mattbei'^, 
Pract., 74, 1905, 197; Mackenzie, ] 
System of Bact., Med. Res. Counci, 
London, 8, 1931, 94.) From localize 
empyema. Appears to be the sain 

as Vicentini’s organism. ^ 

Leptothrix vaginalis Donn^. ( ’ 

quoted from Nannizzi, in Pollacci, |a 
Micopat. Umana,4,1934,56;LcpIo^^^ 
vaginalis Nannizzi, ibid., 56.) P 

phyte from the vagina. Uerff- 

Leptothrix vaginalis von 
(Ueber Scheidenmykosen, Samnil. Ki ^ 
Vortr. n. F., 1895, No. 137.) Fromacas® 

of vagi nal mycosis. p^mussen. 

Leptothrix variabtlts Ras 

(Rasmussen, Om Dryckning o 
organismer fra Spyt of sunde Manncsh . 
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1883; Leptoiferix //, Zopf, Die Spaltpilzc, 

3 Aufl., 1885, 107; Leptotrichia variabilis 
Trevisan, I generi e le specie delle Bat- 
teriacae, 1889, 10; Rasmussenia variabilis 
De Toui and Trevisan, in Succardo, 
Sylloge Fungorum, 8 , 1889, 931.) From 
saliva. 

Rasmussenia anceps De Toni and 
Trevisan. {Leptothrix /, Rasmussen, 
Oin Dryckning of Microorganismer fra 
Spyt of sunde Mannesker, 1883; Bacleri- 
opsis rasmusseni Trevisan, Atti della 
Accad. Fisio-Med.-Stat. in Milano, Ser. 
IV, 3, 1885, 103; Bacillus rasmusseni 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 15; De Toni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8 , 1889, 
930; Leptotrichia anceps Nannizzi, in 
Pollacci, Tratt. Micopat. Umana, 4, 
1934, 54.) From saliva. 

Appendix III :* Many species of anaero¬ 
bic, Gram-positive, non-spore-forming, 
largely parasitic rods have been de¬ 
scribed. These are similar in many ways 
to the species included in Lactobacillus. 
Pr6vothas arranged these in the follow¬ 
ing genera. Several are inadequately 
studied and scarcely deserve recogni¬ 
tion. Some, as indicated, may belong 
in other genera, e.g., spore-formers 
belonging in genus Clostridium. Some 
species produce gas in sugar broths or 
have other characteristics (e.g., motility) 
that are unusual for the families that 
include Gram-positive, non-spore-form¬ 
ing rods. 

Genus I. Eubacterium Prh'ot 
(Ann. Inst. Past., 60, 1938, 294.) 

Non-motile, straight or curved rods. 
Usually occurring singly, in pairs or very 
short chains. Never show branching. 
Not capsulated. Gram-positive. An¬ 
aerobic. 

1, Eubacterium foedans (Klein) 
Pr6vot. {Bacillus foedans Klein, 


Lancet, 1, 1908, 1832; Prdvot, Ann. Inst. 
Past., 60, 1938, 294.) From salted 

ham. 

2. Eubacterium niosii (liauduroy et 
al.) Prevot. (Anaerobe Bacillus, Niosi, 
Cent. f. Bakt., I Abt., Orig., 58, 1911, 
193; Bacteroidcs niosii Hauduroy et al., 
Diet. d. Bact. Path., 1937, 65; Prdvot, 
Ann. Inst. Past., 60, 1938, 294.) From 
suppurative pleuritis. 

3. Eubacterium rectale Prdvot. (Un 
bacillc anaerobic, Grooten, Compt. rend. 
Soc. Biol., Paris, 102, 1929, 43; Bac~ 
teroidcs rectalis Hauduroy et al., Diet, 
d. Bact. Path., 1927, 72; Pr(5vot, Ann. 
Inst. Past., 60, 1938, 294.) From rectal 
ulcer. 

4. Eubacterium obsti Prevot. (Bacil¬ 
lus B, Obst, Jour. Inf. Dis., 2/,, 1919, 
159 and 168; Prevot, Ann. Inst. Past., 
60, 1938. 294.) FroJii stomach of sardines 
and from their foot! (small crustaceans). 

5. Eubactirium quartum Pr6vot. 
(Anacrob No. D , Rodclla, Ztschr, f. 
Hyg., 41, 1902, 474; Prdvot. Ann. Inst. 
Past.,^0, 193S. 294.) From intestine of a 

child. 

6 . Eubacterium quinlum Prevot. 
(Anacrob No. ^ , Rodclla, Ztschr. f. 
llyg., 41, 1902, 475; Prevot, Man. de 
Class, et Determ., Monographie Inst. 
Past., 1940, 65.) From intestine of a 

child. 

7. Eubacterium ethiilicum Prdvot. 
{Bacillus gracilis cthylicus Achalmc and 
Rosenthal, Compt. rend. Soc. Biol., 
Paris, 67, 1906, 1025; Prdvot, Ann. Inst. 
Past., 60, 1938, 295.) From a human 
stomach. 

8 . Eubacterium cadaveris Pr<5vot (see 
Bacillus cadaveris butyric^is Buday). 
No spores observed. 

9. Eubacterimn iorluosum (Debono) 
Pr6vot. (Bacillus loituosus Debono, 
Cent. f. Bakt., I Abt., Orig., 62, 1912, 
233; Bactcroidcs tortuofus Bcrgey et al., 
Manual, 1st ed., 1923, 529; Prdvot, Ann. 


• Arranged by Prof. Robort S. Breed, New York State Experiment Station, Geneva 
New York, March, 1945. 
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Inst. Past., 60, 1938, 295.) From human 
feces. 

10. Eubacterium aerofaciens (Eggerth) 
Pr^vot. {Bacicroides aerofaciens Eg¬ 
gerth, Jour. Bact., 30, 1935, 282; Prdvot, 
Ann. Inst. Past., 60, 1938, 295.) From 
human feces. 

11. Eubacterium biforme (Eggerth) 
Prdvot. {Bacicroides biformis Eggerth, 
Jour. Bact., 30, 1935, 283; Prdvot, Ann. 
Inst. Past., 60, 1938, 295.) From human 
feces. 

12. Eubacterium lirnosum (Eggerth) 
Prdvot. {Bacicroides limosus Eggerth, 
Jour. Bact., SO, 1935, 290; Pr^vot, Ann. 
Inst. Past., 60, 1938, 295.) From human 
feces. Pederson (Jour. Bad., 60, 19-45, 
478) secured a culture of this species from 
Eggerth, and found that it fermented 
glucose with the production of higher 
fatty (presumably butyric) acids and 
lactic acid. The species should probably 
be placed in Butyribacterium Barker. 

13. Eubacterium disciformans (Mas- 
sini) Pr<5vot. {Bacillus disciforjnans 
Massini, Ztschr. f. ge&\mmte E.xp. Med., 
S, 1913, 81; Prdvot, Ann. Inst. Past., 60, 
1938, 295.) From respiratory system and 
skin. 

14. Eubacterhim poeciloides (Roger and 
Gamier) Pr^vot. {Bacillus poeciloides 
Roger and Gamier, Bull, et Mem. Soc. 
M^d. dcs HApitaux Paris, 2 , 1906, 870; 
Pr^vot, Ann. Inst. Past., 60, 1938, 295.) 
From intestine. 

15. Eubacterium iyphi exanthemalici 
Pr^vot (see Corynehacterium typki 
Topley and Wilson). 

17. Eubacterium minutum (Tissier) 
Pr^vot. {Bacillus anaerobicus minutus 
Tissier, Recherches sur la flore intestiuale 
des nourissons, Paris, 1900; Bacleroides 
minutus Hauduroy et al., Diet. d. Bact. 
Path., 1937, 64; Pr^vot, Ann. Inst. Past., 
60, 1938, 295.) From intestineof breast¬ 
fed infant. 

18. Eubacterium paruum (Chouk^- 
vitch) Pr4vot. {Coccobacillus anaero- 
bicus parvus Chouk^vitch, Ann. Inst. 
Past., 25, 1911, 256; Pr^vot, Ann. Inst. 
Past., 60, 1938, 295.) From large in¬ 
testine of a horse. 


19. Eubacterium lentum (Eggerth) 
Prdvot. {Bacteroides lenius Eggerth, 
Jour. Bact., 30, 1935, 280; Pr^vot, Ann. 
Inst. Past., 60, 1938, 295.) From human 
feces. 

Genus II. Catenabacterlum Prhvot. 
(Ann. Inst. Past., 60, 193S, 294.) 

Xon-motile, straight or curved rods. 
Usually grow in long chains or filaments. 
No branching. Not capsulated. Gram¬ 
positive. Anaerobic. 

1. Catenabact^'rium hclminthoides 
(Lewkowicz) Prdvot. {Bacillus hclmin¬ 
thoides Lewkowicz, Arch, de M6d. Exp., 
13, 1901, 631; Prt-vot, Ann. Inst. Past., 
60, 1938, 295.) From mouth of breast¬ 
fed infant. 

2. C atcnabacter ium fdamentosum 
Prdvot. (Jungano, Compt. rend. Soc. 
Biol., Paris, 50,1909,112and 122; PrfSvot, 
Ann. Inst. Past., 60, 1938, 295.) From 
intestine of a rat. 

3. Caienabacicrium loitii Pr^vot. 
(Lotti, Ann. Ig. Sper., 19, 1909, 75; 
Prdvot, Ann. Inst. Past., GO, 1938, 296.) 
From human appendix and intestine. 

4. Caienabacterium catenaforme (Eg¬ 
gerth) Prdvot. {Bacicroides catena- 
formis Eggerth, Jour. Bact., 30, 193o, 
286; Pr^vot, Ann. Inst. Past., 60, 1938, 
296.) From human feces. 

5. Caienabacterium nigrum (Repaci) 
Pr^vot. {Streplobacillus gangrenae puf* 
monaris Repaci, Compt. rend. Soc. Biol., 
Paris, 61, 1910, 410; Pr^vot, Ann. Inst. 
Past., 60, 1938, 296.) From gangrenous 
tissue found in a lung. 

Genus III. Ramlbacterlum Prieot. 
(Ann. Inst. Past., 60, 1938, 294.) 

Non-motile, straight or curved rods 
with frequent branching. Not capsu 
lated. Gram-positive. Anaerobic. 

1. Ramibacterium ramosum (Vei on 
and Zuber) Pr^vot. {Bacillus 
Veillon and Zuber, Arch. m^d. exp. et 
anat. path., 10, 1898, 542; 
ramosa Vuillemia, Encyclopedic M>co 
log., Paris, 2, Champignons Parasites. 
1931, 132; Actinomyces ramosus 
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nizzi, in Pollacci, Trait. Micopat. Uniana, 
4, 1934, 42; Fusiformis ramosus Topley 
and Wilson, Princ. Hact. and Immun., 
2nd ed., 1936, 358; Hauduroy et al., Did. 
d. Bad. Path., 1937, 71 regard Bacillus 
poeciloidcs {Eubacteriiiin poeciloides) 
as a synonym; Pr<^vot, Ann. Inst. Past., 
60, 1938 , 296.) Commonly found in 
appendicitis. 

2. Ramibactcrium ramosoides (Rune- 
berg) Pr^vot. (Bacillus ramosoides 
Uuneberg, Arb. a. d. path. Inst. d. IJniv. 
Helsingfors, 2 , 1908, 271, see Cent. f. 
Bakt.. I Abt., Kef., 43, 1909, 665; Pr6vot, 
Ann. Inst. Past., GO, 1938, 296.) I'rom 
peritoneal fluid in appendicitis. 

3. /?amf6adcrn/m pseuloramosum 
(Distaso) Prdvot. (Bacillus pseudo- 
ramosus Distaso, Cent. f. Bakt., I Abt., 
Orig., 62f 1912, 441; Bactcroides pseudo^ 
ramosus Bergey et al., Manual, 1st ed., 
1923, 259; Pr{Svot, Ann. Inst. Past., 

60, 1938, 296.) From human feces. 

Genus IV. Cillobacterium Prerot. 
(Ann. Inst. Past., GO, 1938, 294.) 

Motile, straight or curved rods. Peri- 
trichous. Not capsulatcd. Gram-posi¬ 
tive. Anaerobic. 

1 . Cillobacterium moniliformc (He- 
paci) Pr^vot. (Bacillus moniliformis 
Repaci, Compt. rend. Soc. Biol., Paris, 

61, 1910, 216; Prdvot, Ann. Inst. Past., 
60, 1938, 296.) From the respiratory 
system. 

2. Cillobacterium endocarditis (Rou- 
tier and Bruunberger) Prdvot. (Bacille 
BG, Routicr and Braunberger, Compt. 
rend. Soc. Biol., Paris, US, 1934, 611; 
PrtSvot, Ann. Inst. Past., 60, 1038, 296.) 
From febrile endocarditis. 

3. Cillobacterium meningitis Pr^vot. 
(Stamm S. V., Ghon. Mucha and Muller, 
Cent. f. Bakt., I Abt., Orig., 41, 1906, 
145 and 693; Pr^vot, Ann. Inst. Past., 
60, 1938, 297.) From meningitis follow¬ 
ing chronic otitis. 

4. Cillobacterium spatuliforme Pr6vot 
(see Bacillus tenuis spaluliformis Dis¬ 
taso). Said to belong to Bacillus welchii 
group but no spores observed. 


5. Cillobacterium muUiformc Preivut 
(see Bacillus multiformis Distaso). Said 
to belong to Bacillus welchii group but 
no spores observed. 

Genus V. Bifidobacterium OrZa-yensen. 

(Orla-Jensen, Le Lait, 4, 1924, 469; 
Bifidibacterium (sic) Pr^vot, Ann. Inst. 
Past., 60, 1938, 303.) 

Non-motile rods which may be swollen. 
The ends may be bifurcate or double bi¬ 
furcate. Gram-positive. Anaerobic. 
This genus is regarded as one of four 
genera of lactic acid, rod-shaped bacteria 
by Orla-Jensen, and he states that the 
organisms in the genus form dextro 
rotatory lactic acid. It is placed in the 
Order ActhwniycctaUs by Prdvot. 

1. Bifidibacterium bifidum (Tissier) 
Pr6vot. (Prdvot, Ann. Inst. Past., 60, 
1938, 303.) See Lactobacillus bifidns 
(Tissier) Holland. 

2. Bifidibaclerium appendicitis Prdvot. 
(Bacillus a Botti, Ann. Ig. Sper., 10, 
1909, 75; Prdvot, Ann. Inst. Past., 60, 
1938, 303.) From an infected appen¬ 
dix. 

3. Bifidibacteriumconslellatum (White) 
Prdvot. (Bacillus constdlalus White, 
Jour. Path, and Bact., 24, 1921, 69; 
Prdvot, Ann. Inst. Past., 60, 1938, 
303.) From the intestine of bees. 

4. Bifidibacterium intestinalis Prdvot. 
(Bacillus intestinalis tuberculiformis 
Jacobsen. Also uses Bacillus tuberculi- 
formis and Bacillus tuberculiformis in- 
testinalis, Ann. Inst. Past., 22, 1908, 
315; Prdvot, Ann. Inst. Past., 60, 1938, 
303.) From feces of an infant. 

5. Bifidibacterium cornut'iin (Distaso) 
Prdvot. (Bacillus cornutus Distaso, 
Cent. f. Bakt., I .\bt., Orig., 62, 1912, 
443; Bacteroides cornutus Custcllani and 
Chalmers, Man. Trop. Med., 1919, 960; 
Prdvot, Ann. Inst. Past., 60, 1938, 303.) 
From human mouth and intestine. 

6 . Bifidibacterium bifurcatuin Prdvot. 
(Bacillus bifurcatus gazogenes Choukd- 
vitch, Ann. Inst. Past., 22, 1911, 348; 
Prdvot, Ann. Inst. Past., 60, 1938, 303.) 
From intestine of a horse. 
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Genus 11. Microbacterium Orla-Jensen.* 

(The Lactic Acid Bacteria, 1919, 179.) From Greek miJcros, small andM. L. bac¬ 
terium, a small rod. 

Small rods. Non-motile. Gram-positive. Produce lactic acid but no gas from 
carbohydrates. Surface growth on media is good. Produce catalase. Usually heat- 
resistant. Found in dairy products and utensils, fecal matter and soil. 

The type species is Microbacterium lacticum Orla-Jensen. 

Key to the species of genus Microbacterium. 

I. Acid from starch; survives 85®C for 2J minutes. 

1. Microbacterium lacticum. 

II. No acid from starch; survives 71.6®C for 25 minutes. 

2. Microbacterium flavum. 


1. Microbacterium lacticum Orla-Jen- 
sen. (The Lactic Acid Bacteria, 1919, 
179; Corynebaetcrium lacticum Jensen, 
Proc. Liiincan Soc. of New So. Wales, 
69, 1934 , 50.) From Latin lac, milk; 
M. L., pertaining to milk. 

Small thin rods: 0.3 by 1.0 micron; 
may have coccus-like appearance. Non- 
motile. Granular. Gram-positive. 
Angular and pallisade arrangements of 
cells are characteristic. 

Agar slant: White or at times slight 
greenish-yellow growth; adherent. 

Gelatin: No liquefaction. 

Milk: Acid, coagulation variable. 

Nitrites usually not produced from 
nitrates. 

Indole not formed. 

Acid from glucose, fructose, mannose, 
galactose, maltose, lactose, dextrin and 
starch. No acid from xylose, arabinose, 
rhamnose, or raffinose. Dextro lactic 
acid formed. 

Catalase is produced. 

Temperature relations: Minimum 
10®C. Optimum SO^C. Maximum 35®C. 
Survives 85®C for 2^ minutes in skim- 
milk. 

Aerobic to facultative anaerobic. 

Source: From cheese, milking equip¬ 
ment, grass, himian and bovine feces. 


Orla-Jensen {loc. cit., 180-181) identifies 
the Bacillus acidophilus cultures ob- 
U\ined by him from the Kr^ll collection 
as belonging to this species. The charac¬ 
ters of the Kr^I cultures deviate from 
the characters of Bacillus acidophilus as 
given by Moro. 

Habitat: Human and bovine intestinal 
tract and probably soil. 

2. Microbacterium flavum Orla-Jensen. 

(Orla-Jensen, The Lactic Acid Bacteria, 
1919, 181; Mycobacterium flavum Jensen, 
Proc. Linnean Soc. of New So. Wales, 
69, 1934, 34.) From Latin flavus, 

yellow. 

Rods: 0.5 by 1 to 2 microns. Granular 
and therefore sometimes confused wit 
micrococci. Non-motile. Gram-positive. 
Agar: Surface growth usually yellow 

and viscid. 

Gelatin: No liquefaction. 

Broth containing 10 per cent salt: 

Grows as flaky precipitate. 

Milk: Slight acidity with no coagula¬ 
tion. 

Nitrites produced from nitrates. 

Indole not formed. 

Acid from glucose, fructose, mannose, 

galactose, raffinose and mannitol. ® 
acid from xylose, arabinose, rhamnose, 


• Arranged by Prof. C. S. Pederson, New York State Experiment SUtio^Gen^i 
New York, June, 1938; further revision by Dr. M. L. Speck, Baltimore, Mary 
Sept., 1943. 
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sorbitol, inulin, starch, or salicin. 
Dextro lactic acid formed. 

Catalase is produced. 

Temperature relations: Optimum 30®C. 
Maximum 35“C. Minimum 20®C. Sur¬ 
vives for but not 10 minutes. 

Aerobic to facultative anaerobic. 

Source: From milk, cheese, butter, 
milking equipment, bovine feces. 

Habitat: Bovine intestinal tract and 
probably soil. 

Appendix: While Orla-Jensen has 
placed the following species in the genus 
Microbacierium, the description is in¬ 
complete and the organism diiTers from 
the other species in the genus in several 
important characters. Therefore it is 
placed in this appendix. 

Microhacterium liquefaciens Orla-Jen¬ 
sen. (Orla-Jensen, The Lactic Acid 
Bacteria, 1919, 182; Conjnebar.terium 
liquefaciens Jensen, Proc. Linnean 
Soc. of New So. Wales, 59, 1934, 49.) 
From Latin liqueo, to be liquid; facio, 
to make. 


Morphologically resembles Micro- 
bacterium lacticum. 

Agar. Surface growth is faint 3 'ellowish- 
green. 

Gelatin: Liquefied. 

Milk: Rennet coagulation in 1 to 3 
weeks; the casein is peptonized gradually. 

Catalase is produced. 

Temperature relations: Optimum 30®C. 
Withstands heating to 80°O. 

Action on carbohydrates has not been 
described; Orla-Jensen states that very 
little acid is produced. 

Source: From milk and more frequently 
from cheese. 

Habitat: Presumably dairy products. 

Note. The following species may 
belong here: Bacterium casedijticum 
Kitaliara, Jour. Agr. Chem. Soc. Japan, 
Tokyo, /4, 1938, 121 and 1461. A Gram- 
positive, acid-forming and proteolytic 
rod said by the author to be related to 
Microbacterium liquefaciens. 
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Genus III. Propionlbacteriiun Orla-Jensen.* 

(Cent. f. Bakt., II Abt., 22, 1909, 337.) From M. L., propionic, and bacterium, a 
small rod or stick. 

Non-motile. Non*spore-forming. Gram-positive bacteria growing under anaero¬ 
bic conditions in neutral media as short diphtheroid rods, sometimes resembling 
streptococci; under aerobic conditions with heavy inoculum growing as long, irregular, 
club-shaped and branched cells. Metachromatic granules demonstrable with 
Albert’s stain. Ferment lactic acid, carbohydrates, and polyalcohols with the forma¬ 
tion of propionic and acetic acids and carbon dioxide. As a rule strongly catalase 
positive, sometimes weakly so. Strong tendency towards anaerobiosis; development 
very slow, macroscopically visible colonics generally not discernible in less than 5 to 
7 days.f Nutritional requirements complex. Development best in yeast extract 
media with addition of lactates or simple carbohydrates. Optimum temperature 
30®C. Found in dairy products, especially hard cheeses. 

The type species is Propionibacterium freudenreichii van Kiel. 

Keij to the species of genus Propionibacterium. 

I, In yeast extract-glucose media growth occurs in the form of small streptococci* 
Dirty cream-colored growth in stabs, with slight surface growth of same color. 
Sucrose and maltose not fermented. 

A. Not fermenting lactose. 

1. Propionibacterium freudenreichii. 

B. Fermenting lactose. 

2. Propionibacterium shermanii. 

II. In yeast extract-glucose media growth occurs in the form of typical short rods of 
diphtheroid appearance. Distinct surface growth in stabs. Sucrose an 

maltose are fermented. 

A. Growth brownish-red. 

1. Ferments raffinose and mannitol, but not sorbitol. 

3. Propionibacterium rubrum. 

2. Ferments sorbitol, but not raffinose and mannitol. 

4. Propionibacterium thoenii. 

B. Growth in stab cream-colored. 

1. Surface growth cream-colored. 

a. Ferments 1-arabinose and rhamnose. 

5. Propionibacterium zeae. 

2. Surface growth yellow to orange. 

a. Growth in liquid media flocculent, as if agglutinated. 

6. Propionibacterium peterssonii- 

aa. Growth in liquid media dispersed, smooth. _ 

* Revised by Prof. C. B. van Kiel, Hopkins Marine Station, Pacific Grove, Cali¬ 
fornia, June, 1938; further revision by Prof. Van Niel, January, 1944. 
t In an atmosphere containing 5 per cent carbon dioxide, growth is en 

aerobically and anaerobically. Contrary to the claim made by Krebs ana 

(Biochem. Jour., S5, 1941,676) a differential effect of carbon dioxide tension o 

and anaerobic development has never been observed. 
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b. Do not ferment dextrin, glycogen or starch. 

7. Propionibacterium jensenii. 

8. Propionibacterium raffinosaceum. 
bb. Ferments dextrin, glycogen and starch. 

9. Propionibacterium iechnicum. 

III. In yeast extract-glucose media growth occurs in the form of highly irregular 
cells, giving the appearance of involution forms. Distinct surface growth 
in stabs. Both d- and 1- arabinose are fermented. 

A. Involution forms large, swollen spheres. Surface growth orange-yellow. 

Docs not ferment xylose and rhamnose. 

10. Propionibacterium arabinosum. 

B. Involution forms long, irregular rods. Surface growth cream-colored. Fer¬ 


ments xylose and rhamnose. 

11 . 

1. Propionibacterium freudenreichii 
van Niel. {Bacterium acidi propionici a, 
von Freudenreich and Orla-Jensen, 
Cent. f. Bakt., II Abt., 17, 1906, 532; 
Bacterium acidi propionici var. fuscum 
Thoni and Allemann, Cent. f. Bakt., II 
Abt., £6, 1910, 29; van Niel, The Pro¬ 
pionic Acid Bacteria, Haarlem, 1928,162; 
Workman and Brown, Jour. Bact., £6, 
1933, 397.) Named for Eduoard von 
Freudenreich, the Swiss bacteriologist, 
who isolated this species. 

Description taken from van Niel, and 
Workman and Brown. 

Small spherical cells, 0.5 to 0.6 micron, 
mostly in pairs and short chains. Little 
difference in morphology between grow th 
from anaerobic solid media and neutral 
or acid liquid media. Aerobic growth 
irregular, club-shaped and branched, 
long rods. Non-motile. Show meta- 
chromatic granules. Gram-positive. 

Yeast gelatin-lactate stab: No lique¬ 
faction. 

Yeast agar-lactate stab: Dirty grayish- 
creamy development in stab; very slight 
surface growth of same color. 

Illiquid media: Distinctly turbid with 
grayish-creamy, ropy sediment. 

Litmus milk: Slight development, faint 
reduction. Not coagulated. 

Catalase positive. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dibydroxyaeetone, glucose, fruc- 


Propionibacterium pentosaceum. 

tose, mannose and galactose with the 
formation chiefly of propionic and acetic 
acids, and carbon dioxide. 

Acid from erythritol, adonitol, inositol 
and esculin. No acid from amygdalin, 
d-and l-arabinose, dextrin, dulcitol, gly¬ 
cogen, inulin, lactose, maltose, mannitol, 
melezitose, melibiose, perseitol, raffinose, 
rhamnose, sucrose or xylose. 

Anaerobic. 

Distinctive characters: Inability to 
ferment any of the disaccharides when 
inoculated in yeast extract-sugar media. 

Source: From dairy products; raw 
market milk, Swiss cheese. 

Habitat: Dairy products. 

2. Propionibacterium shermanii van 
Niel. {Bacterium acidi propionici d, 
Sherman, Jour. Bact., 6 , 1921, 387; van 
Niel, The Propionic Acid Bacteria, Haar¬ 
lem, 1928, 163; Workman and Brown, 
Jour. Bact., £6, 1933, 400.) Named for 
J. M. Sherman, the American bacteriol¬ 
ogist, who isolated this species. 

Description taken from van Niel, and 
Workman and Brown. 

Small spherical cells, 0.5 to 0.6 micron, 
mostly in pairs and short chains. Little 
difference in morphology between growth 
from anaerobic solid media and neutral 
or acid liquid media. Aerobic growth 
irregular, club-shaped and branched 
rods. Non-motile. Show metachro- 
matic granules. Gram-positive. 
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Yeast gelatin-lactate stab: No Uque* 
faction. 

Yeast agar-lactate stab; Dirty grayish- 
creamy development in stab; very slight 
surface growth of same color. 

Liquid media: Distinctly turbid with 
grayish-creamy, ropy sediment. 

Litmus milk: Acid coagulation. 

Catalase positive. 

Indole not formed. 

Nitrites not produced from nitrates. 
Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, n\annose, galactose and lactose with 
the formation chiefly of propionic and 
acetic acids, and carbon dioxide. Occa¬ 
sionally arabinose is fermented. 

Acid from erythritol, adonitol, arabi- 
tol, inositol and esculin. No acid from 
amygdalin, dextrin, dulcitol, glycogen, 
inulin, maltose, mannitol, melezitose, 
melibiose, perseitol, raffinose, rhamnose, 
salicin, sorbitol, sucrose, starch, tre¬ 
halose or xylose. 

Anaerobic. 

Distinctive charactere: Resembles Pro- 
pionibacterium freudenreichii in every 
respect, but differs in its ability to 
ferment lactose. 

Source: From dairy products; Swiss 
cheese and buttermilk. 

Habitat: Dairy products. 

3. Propionlbacterlum rubrum van 
Niel. {Bacterium acidi propiom'ci var. 
rubrum Thoni and Allemann (in part), 
Cent. f. Bakt., II Abt., 1910, 8; van 
Niel, The Propionic Acid Bacteria, 1928, 
164; Werkman and Brown, Jour. Bact., 
£6, 1933, 414.) From Latin ruber, red. 

Medium-sized, stoutish rods to 
elongated diplococci, 0.8 by 1.2 microns, 
occurring singly or in pairs, resembling 
diphtheroids rather than streptococci. 
Somewhat more slender in media without 
fermentable carbohydrate. Aerobic 
growth irregular, club-shaped and 
branched rods. Non-motile. Show 
metachromatic granules. Gram-posi¬ 
tive. 


Yeast gelatin-lactate stab: No lique¬ 
faction. 

Yeast agar-lactate stab: Brownish-red 
development in stab, with appreciable 
dome-shaped surface growth of same 
color. (Also see Margolena and Hansen, 
Cent. f. Bakt., II Abt., 99, 1938, 107.) 

Liquid media: Turbidity in early 
stages, sediment red and smooth. 

Litmus milk: Acid coagulation. 

Catalase positive; very weak for aerobi¬ 
cally grown cells. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose, sucrose, malt¬ 
ose, lactose, raffinose and mannitol with 
the production chiefly of propionic and 
acetic acids and carbon dioxide. 

Acid from erythritol, adonitol, arabitol, 
amygdalin, esculin, salicin, melezitose 
and trehalose. No acid from d- and 1- 
arabinose, dextrin, dulcitol, glycogen, 
inulin, melibiose, perseitol, rhamnose, 
sorbitol, starch or xylose. 

l/ess anaerobic than Propionibacterium 
freudenreichii and Propionibaclerium 

shermanii. 

Distinctive characters; Production of 
brownish-red pigment under anaerobic 
and aerobic conditions. Fermentation 
of raffinose and mannitol, not of sorbitol. 

Source: From various dairy products. 

Habitat: Dairy products. 

4. Propionlbacterlum thoenii van Niel. 

{Bacterium acidi propionic* var. rubrum 
Thoni and Allemann (in part), Cent- L 
Bakt., II Abt., £6, 1910, 8; van Nieb 
The Propionic Acid Bacteria, 1928, !«. 
Werkman and Brown, Jour. Bact.,. < 
1933, 412.) Named for Thoni, the Swed¬ 
ish bacteriologist, who isolated t 

organism. j 

Description taken from van Niel, a 

Werkman and Brown. 

Medium sized, stoutish ro^ 
elongated diplococci, 1.0 by 1-5 ’ 

occurring singly or in pairs, resembung 
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diphtheroids. In media without fer¬ 
mentable carbohydrate, small strepto¬ 
cocci. Aerobic growth irregular, club- 
shaped and branched rods. Non-motile. 
Shows metachromatic granules. Gram¬ 
positive. 

Yeast gelatin-lactate-stab: No lique¬ 
faction. 

Yeast agar-lactate-stab: Brownish-red 
growth throughout stab, with appreciable 
dome-shaped surface growth of same 
color. 

Liciuid media: Turbidity in early 
stages, sediment smooth and red. 

Litmus milk: Mostly acid coagulation. 

Catalase positive. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose, sucrose, malt¬ 
ose, lactose and sorbitol with the forma¬ 
tion of propionic and acetic acids, and 
carbon dioxide. 

Acid from adonitol, arabitol, erythritol, 
esculin, salicin and trelialose. No acid 
from amygdalin, arabinose, dextrin, dul- 
citol, glycogen, inulin, mannitol, melezi- 
tose, melibiosc, perseitol, pectin, raffi- 
nose, rhamnose, starch or xylose. 

Domke (Milchwirtsch. Forsch., 16, 
1933, 480) reports that this species may 
or may not ferment lactose and may or 
may not produce acid from esculin and 
salicin. 

Less anaerobic than Propionibaclerium 
freudenreichii and Propionibaclerium 

shermanii. 

Distinctive characters: Closely re¬ 
sembles Propionibaclerium rubrum in 
morphology and in the production of 
brownish-red pigment under aerobic and 
anaerobic conditions. Differs from this 
species in its inability to ferment raffi- 
nose and mannitol, whereas fermentation 
of sorbitol occurs. 

The biochemical characteristics of a 
ten-year-old stock culture have remained 
unchanged. 

Source: From cheese and buttermilk. 

Habitat: Dairy products. 


5. Proplonibacteilum zeae Hitchner. 

(Hitchner, Jour. Bact., 23, 1932, 40; 28, 
1935, 473; Workman and Brown, Jour. 
Hact., 26, 1933, 411.) From Greek zea, 
spelt, a kind of grain; M. L. Zea, a 
generic name. 

Description of culture isolated by 
Hitchner. 

('ells in neutral lactate media spherical, 
0.8 micron, usually occurring as short 
streptococci. In carbohydrate media 
which turn acid during development, 
distinctly rod-shaped, 0.8 by 2.0 to 3.0 
microns, with a slight tendency to the 
formation of club-shaped cells. Appear¬ 
ance typically diphtheroid. Aerobic 
growth irregular, club-shaped and 
branched rods. Non-motile. Show 
metachromatic granules. Oram-posi¬ 
tive. 

Yeast gelatin-lactate-stab: No lique¬ 
faction. 

Yeast agar-lactate-stab: Cream-colored 
growth in stab, with distinct surface 
growth of same color. 

Liquid media: Distinctly turbid; 
cream-colored; smooth sediment, very 
ropy. 

Litmus milk: Coagulated, acid. 

Catalase positive, especially when 
grown in neutral media. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, l-arabinose, 
rhamnose, glucose, fructose, mannose, 
galactose, sucrose, cellobiose, maltose, 
lactose and mannitol with the formation 
of propionic and acetic acids and carbon 
dioxide. 

Acid from salicin. No acid from d- 
arabinose, dextrin, dulcitol, glycogen, 
inulin, starch or xylose. 

Less anaerobic than Propionibacterium 
freudenreichii and Propionibaclerium 
shermanii. 

Distinctive characters: Cream-colored 
surface growth, ability to ferment l-arab- 
inose and rhamnose, but not d-arabinose 
and xylose. 

Source: Not definitely recorded, 
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Probably from silage. 

Habitat; Dairy products. 

6. Propionibacterium peterssonii van 
Niel. {Bacterium acidi propionici c, 
Troili-Petersson, Cent. f. Bakt., II Abt., 
U, 1909, 333; van Nicl, The Propionic 
Acid Bacteria. 1928, 163; Workman and 
Brown, Jour. Bact., 26, 1933, 406.)Nained 
for Gerda Troili-Petersson, the Swedish 
bacteriologist, who isolated this or¬ 
ganism. 

Description taken from van Niel, and 
Workman and Brown. 

Cells in neutral media spherical, 0.8 
micron, occurring as short streptococci 
in clumps. In carbohydrate media which 
turn acid during development, rod-shaped 
cells in clumps, 0.8 by 1.5 to 2.0 microns. 
Aerobic growth, heavily swollen and 
branched rods. Non-motile. Show 
metachromatic granules. Oram-posi¬ 
tive. 

Yeast gelatin-lactate stab: No lique¬ 
faction. 

Yeast agar-lactate stab: Cream-colored 
growth, dry and wrinkled, resembling 
that of Mycobacterium spp. 

Liquid media: No turbidity, sediment 
a coherent layer, cream-colored. 

Litmus milk: Acid, coagulated. 

Catalase positive; aerobically de¬ 
veloped growth very slightly so. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose, sucrose, malt¬ 
ose and lactose with the formation of 
propionic and acetic acids, and carbon 

dioxide. 

Acid from esculin and salicin. No acid 
from d- and l-arabinose, cellobiose, dex¬ 
trin, dulcitol, glycogen, inulin, perseitol, 
pectin, raffinose, rhamnose, sorbitol, 
starch or xylose. 

Less anaerobic than Propionibacterium 
freudenreichii and Propionibacterium 
shermanii. 

Distinctive character; Growth in 
liquid media in clumps, giving the cul¬ 


tures the appearance of agglutinated 
bacteria. So far, the only species among 
the propionic acid bacteria possessing 
this characteristic. 

Source: From cheese and soil. 

Habitat: Dairy products. 

7. Propionibacterium jensenii van 
Niel. (Bacterium acidi propionici b, 
von Freudenreich and Orla-Jensen,Cent. 

f. Bakt.. II Abt., 17, 1906, 532; van Niel, 
The Propionic Acid Bacteria, 1928, IC3; 
Workman and Brown, Jour. Bact., 26, 
1933, 404.) Named for Prof. S. Orla- 
Jensen, the Danish bacteriologist, who 
isolated this organism. 

Description taken from van Nicl, and 
Werkman and Brown. 

In neutral media spherical to short 
rod-shaped cells, often in pairs or short 
chains, 0.8 by 0.8 to 1.5 microns, of typi¬ 
cal diphtheroid appearance. Morphology 
little influenced by developing acidity. 
Aerobic growth, irregular long rods, 
swollen and branched. Non-motile. 
Metachromatic granules. Gram-posi- 
tive. 

Yeast gelatin-lactate stab: No lique¬ 
faction. . 

Yeast agar-lactate stab: Cream-colored 
growth in stab, orange-yellow, dome- 

shaped surface growth. 

Liquid media: Turbid in early stages; 
cream-colored, smooth sediment. 

Litmus milk: Coagulated, acid. 
Catalase: Strongly positive. 

Indole not formed. 

Nitrites not produced from nitrates. 
Ferments lactic and pyruvic acu 3. 
glycerol, dihydroxyacetone, glucose, rue 
tose, mannose, galactose, sucrose, nu» 
ose, lactose and sometimes raffinose an 
mannitol with the formation of propm” 
and acetic acids, and carbon , 

Acid from adonitol, arabitol, er> t ri 

esculin, inositol and trehalose. ^ . 
from arabinose, cellobiose, dextrin, i u 
tol, glycogen, inulin, perseitol, pec 
rhamnose, salicin, sorbitol, stare 

xylose. 
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Less anaerobic than Propioni'bactcrium 
frcudcnrcichii. 

% 

Distinctive characters: Morphologi¬ 
cally similar to Propionibatleriurn ru- 
brum and Propionibacterium thocnii 
from which it is chiefly distinguished by 
the failure to produce a red pigment 
under anaerobic conditions. The yellow 
surface growth distinguishes Propioni- 
bacierium jensenii from Propionibac- 
ierixnn zeae, as also the inability of the 
former to ferment 1-arabinose and rham- 
nose. 

Source: From cheese and butter. 

Habitat: Dairy products. 

8. Propionibacterium rafflnosaceum 
Workman and Kendall. {Propionibac- 
teriurn jensenii var. rajjinosaceum van 
Niel, The Propionic Acid Bacteria, 1928, 
162; Workman and Kendall, Iowa State 
Coll. Jour. Sci., 6 , 1931, 17; Werkman 
and Brown, Jour. Bact., 26, 1933, 402.) 
From M. L. raffinosum, the sugar rafTi- 
nose. 

Description taken from van Kiel, and 
Werkman and Brown. 

Cells in neutral media spherical to 
short rod-shaped cells, O.S by 0.8 to 1.5 
microns, of typical diphtheroid appear¬ 
ance. In media in which acid is pro¬ 
duced the cells are somewhat longer rod¬ 
shaped, to 2 microns in length. Aerobic 
growth irregular, long rods, swollen and 
branched. Non-motile. Metachromatic 
granules. Gram-positive. 

Yeast gelatin-lactate-stab: No lique¬ 
faction. 

Yeast agar-lactatc-stab: Cream-colored 
growth in stab; distinct, orange-yellow 
surface growth. 

Liquid media: Turbid in early stages, 
cream-colored, smooth sediment. 

Litmus milk: Coagulated, acid. 

Catalase positive; aerobically grown 
only very slightly so. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, glucose, fruc¬ 
tose, mannose, galactose, cellobiose, malt¬ 


ose, lactose, sucrose, raflinose and manni¬ 
tol with the production of propionic and 
acetic acids, and carbon dioxide. 

Acid from adonitol, amygdalin, ara- 
bitol, erythritol, esculin. inositol, melc/'i- 
tose, Sidicin and trehalose. Xo aci<l 
from (1- and l-arabinose, dextrin, dulcitol, 
gl^'cogen, inulin, melibiosc, penseitol, 
pectin, rhamnose, sorbitol, starch or 
wlose. 

Less anaerobic than Propionibacterium 
Jrcudenreichii. 

Distinctive characters: DifTers from 
Propionibacterium jensenii in its some¬ 
what greater length and the ability to 
ferment cellobiose and Siilicin; the be¬ 
haviour of Propionibacterium jensenii 
towards raflinose and mannitol is not 
constant, and hence cannot be used as a 
differential character. Werkman and 
Kendall have reported different agglu¬ 
tination reactions for Propionibacterium 
jensenii and Propionibacterium raffi.no- 
saceum. 

Source: From buttermilk. 

Habitat: Dairy products. 

9. Propionibacterium technlcum van 

Niel. (Van Niel, The Propionic Acid 
Bacteria, 1928, 164 ; Werkman and Brown, 
Jour. Bact., 26, 1933, 401.) From Greek 
technicus, technical; M. L., of industrial 
significance. 

Description taken from van Niel. 

In neutral media spherical cells, 0.8 
micron, in pairs and short chains. In 
acid media short rods, 0.6 by 1.0 to 1.5 
microns, often in pairs, with typical diph¬ 
theroid appearance. Aerobic growtli in 
the form of irregular long rods, swollen 
and branched. Non-motile. Meta- 
chromatic granules. Gram-positive. 

Yeast gelatin-lactate-stab: No lique¬ 
faction. 

Yeast agar-lactate-stab: Cream-colored 
development in stab, with distinct yellow 
surface growth. 

Liquid media: Turbid in early stages, 
cream-colored, somewhat flocculent sedi¬ 
ment. 
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Litmus milk: Coagulation, acid. 
Catalase positive. 

Indole not formed. 

Nitrites not produced from nitrates. 
Ferments lactic and pyruvic acids, 
glycerol, dibydroxyacetone, arabinose, 
glucose, galactose, fructose, mannose, 
lactose, maltose, sucrose, raffinose, dex¬ 
trin, gl 3 'C 0 gen and starch with the 
formation of propionic and acetic acids, 
and carbon dioxide. 

Acid from esculin. salicin and miinnitol. 
No acid from dulcitol, inulin or xylose. 

Anaerobic, but less so than Propioni- 
bacteriurn freudenreichii. 

Distinctive characters: The ability to 
ferment the polysaccharides dextrin, 
glycogen and starch. 

Source: From Edam and Tilsit cheese. 
Habitat: Dairy products. 

10. Proplonibacterium arablnosum 
Hitchner. (Hitchner, Jour. Bact., 23, 
1932, 40; 28, 1934, 473; Werkman and 
Brown, Jour. Bact., 26, 1933, 410.) 
From M. L. arabicum, gum Arabic; M. L. 
arabinosurn , arabinose. 

Description of culture isolated by 

Hitchner. 

Cells in neutral lactate media spherical, 
0.8 micron, in pairs and short chains. 
In acid media swollen spheres and ellip¬ 
soidal cells occur, mostly 2.0 by 3.0 to 
3.5 microns, often in pairs and short 
chains. Non-motile. Metachromatic 
granules. Gram-positive. 

Yeast gelatin-lactate-stab: No lique¬ 
faction. 

Yeast agar-lactate-stab: Cream-colored 
growth in stab, with distinct orange- 

yellow surface growth. 

Liquid cultures: Turbid in early 
stages, cream-colored, smooth sediment. 
Litmus milk: No coagulation. 

Catalase very slightly positive. 

Indole not formed. 

Nitrite production not recorded. 
Ferments lactic and pyruvic acids, 
glycerol, dibydroxyacetone, d- and 1- 
arabinose, gluwwe, galactose, fructose, 
mannose, cellobiose, maltose, sucrose, 


raffinose and mannitol with the produc¬ 
tion of propionic and acetic acids, and 
carbon dio.xide. 

Acid from sorbitol. No acid from 
dulcitol, xylose, rhamnose, salicin or 
inulin. 

Anaerobic, but les.s so than Propioni- 
baclerium freudenreichii. 

Distinctive characters: The develop¬ 
ment of spherical involution forms in 
acid media, the almost complete absence 
of catalase, the ability to ferment both 
d- and l-arabinose, but not xylose and 
rhamnose. 

Source: Not definitely stated. 

Habitat: Dairy products. 

Note: The strain obtained from Dr. 
E. B. Fred produced only minute 
amounts of acid from lactose and starch. 
It is questionable whether these carbo¬ 
hydrates are fermented. 

11. Proplonibacterium pentosacei^ 
van Neil. {Bacillus acidi propionici 
von Freudenreich and Orla-Jonsen, Cent, 
f. Bakt., II Abt., /7, 1906. 532; van Niel, 
The Propionic Acid Bacteria, 1928, 163; 
Werkman and Brown, Jour. Bact., 26, 
1933, 408.) From M. L. pentosum, ft 
pentose. 

Description taken from van Niel, ftnei 

Werkman and Brown. 

In neutral lactate media cells spherical, 
0.8 micron, in pairs and short chains- 
In media developing acidity long, irregu¬ 
lar rods, swollen and branched, to 3 to 
microns in length. Aerobic growth irreg 
ular, swollen and branched, long ro 
Non-motile. MeUchromatic granules. 
Gram positive. 

Yeast gelatin-lactate stab: No lique¬ 
faction. , 

Yeast agar-lactate stab: Cream-colored 
development in stab, with abundant, 

cream-colored surface growth. 

Liquid media: Turbid in early stages; 

smooth, creamy sediment, ropy- 

Litmus milk: Coagulated, acid. 

Catalase: Slightly positive. 

Indole not formed. 
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Nitrites and free nitrogen produced 
from nitrates. 

Ferments lactic and pyruvic acids, 
glycerol, dihydroxyacetone, d- and l-ara- 
binose, xylose, rhamnose, glucose, galac¬ 
tose, fructose, mannose, cellobiose, lac¬ 
tose, maltose, sucrose, raffinoso, mannitol 
and sorbitol with the formation of pro¬ 
pionic and acetic acids, and carbon 
dioxide. 

Acid from adonitol, arabitol, erythritol, 
esculin, inositol, salicin and trehalose. 
No acid from dextrin, dulcitol, glycogen, 
inulin, perseitol or pectin. 

Anaerobic, but less so than any of the 
other species of the genus. 

Distinctive characters: The formation 
of long, rod-shaped involution forms in 
acid media; the absence of pigment pro¬ 
duction, and the ability to ferment d- 
and 1-arabinose, rhamnose and xylose. 

Source: From Emmental cheese. 

Habitat; Dairy products. 

Appendix: Cultures of the following 
species have not been available for study. 
It is probable that these duplicate pre¬ 
viously described species. 

Propionibaclerium amyloaceum var. au- 


ranlicum Sakaguchi, Sw'asaki and Ya« 
mada. (Bull. Agric. Chem. Soc. Japan, 
77,1941,13.) From cheese. Resembles 
Propionibacterium pentosaceum closely. 

Propionibacterium coloratum Sakaguchi 
et al. (foe. ciL). From cheese. Re¬ 
sembles Propionibacterium thoenii. 

Prcpionibacterium globosum Sakaguchi 
et al. (loc. cit.). From cheese. Re¬ 
sembles Propionibacterium shermanii. 
Said not to ferment glycerol and ery- 
thritol. 

Propionibacterium japonicum Saka¬ 
guchi et al. {loc. cit.). From cheese. 
Said not to ferment glycerol and ery¬ 
thritol. 

Propionibacterium orienlum Sakaguchi 
et al. {loc. cit.). From cheese. Fer¬ 
ments l-arabinose. Resembles Propioni- 
bacierium shermanii. 

Janoschek (Cent. f. Bakt., II Abt., 
106, 1944 , 321) has suggested a key for 
the identification of the species in this 
genus. This is based on chromogenesis 
and cultural characters. He recognizes 
three additional species: Propionibac^ 
tcrium casei, Propionibacterium pitui- 
losum and Propionibacterium son- 
guineum. 
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Genus IV, Butyribacterium Barker and Haas* 

(Jour. Bact., ^7,1944,301.) From the chemical term, butyric and M. L. ftocferium, 
a small rod. 

Non-motile, anaerobic to microacrophilic, straight or slightly bent rods. Gram¬ 
positive. Ferment carbohydrates and lactic acid forming acetic and butyric acids, 
and carbon dioxide. Generally catalase negative but sometimes weakly positive. 
Intestinal parasites. 

The type species is Butyribacterium reltgeri Barker and Haas. 


1. Butyribacterium rettgeri Barker and 
Haas. (Strain 32, Lewis and Rettger, 
Jour. Bact., 40, 1940, 298; Barker and 
Haas, Jour. Bact., 47,1944,303.) Named 
for L. F. Rettger, The American bac¬ 
teriologist. 

Rods: Straight or slightly bent, non¬ 
capsulated. 0.7 by 2.3 microns. Occur 
singly, in pairs and short chains. No 
branched cells observed but some cells 
have swollen club-shaped ends. Non- 
motile. Gram-positive. 

Glucose-cysteine agar: Colonies cir¬ 
cular, entire or finely irregular margin, 
translucent, often with opaque center, 
grayish-white with yellowish tinge, con¬ 
vex when small, later umbonate, glisten¬ 
ing, smooth, finely granular. Develop 
slowly attaining a diameter of 1.5 mm in 
7 days. 

Tryptone-yeast extract-lactate agar: 
Colonies similar to above except larger 
(2 mm in 4 days at 37®C). Pulvinate 
rather than umbonate in cross sections. 

Glucose-cysteine-broth: Abundant tur¬ 
bidity and sediment. No pellicle. 

Agar stab (King and Rettger’s medium, 
Jour. Bact., 44,1942, 302): Heavy growth 
in 2 days. Gas production often causes 

slight splitting of agar. 

Acetic and butyric acid and CO 2 pro¬ 


duced from glucose and maltose. Occa¬ 
sionally a small amount of visible gas is 
produced. Lactic acid fermented read¬ 
ily without visible gas. Arabinose, 
xylose, lactose, sucrose, trehalose, rlrnm- 
nose, mannitol, sorbitol, dulcitol and 
glycerol are not fermented. 

Not proteolytic. 

Indole and hydrogen sulfide not formed. 

Temperature relations: Optimum 37 C. 
Maximum 40 to 45“C. Minimum 15“C. 

Generally catalase negative. 

Anaerobic. 

Source: From intestinal contents of a 
white rat. 

Habitat: Presumably found generally 
in the intestine of mammals. 

Notes: Pederson (Jour. Bact. ,50, 1945, 
478) has found that cultures of two 
species described by Eggerth (Jour. 
Bact., SO, 1935, 289 and 290) produce 
higher fatty (presumably butyric) acids 
and lactic acid from glucose. These are 
named Bacteroides avidus and B. Imosus 
by Eggerth. Probably these species 
belong in the genus Butyribacterium. 

Bacillus cadaveris butyricus Buday 
(Cent, f. Bakt., I Abt., H, 1898,374) may 
also belong in this genus. 


•Prepared by Prof. C. S. Pederson, New York State Experiment 

Geneva, New York, January, 1945; reviewed by Dr. H. A. Barke , 
California. 
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FAMILY VIII. CORYNEBACTERIACEAE LEHMANN AND NEUMANN. 

(Bakt. Diag., 4 Aufl., 2, 1907, 500.) 

« 

Nou-motile (motile in Listeria) rods, frequently banded or beaded with meta- 
chromatic granules. May show marked diversity of form. Branching cells have 
been observed in a few species but these are uncommon. Generally Gram-positive 
but this reaction may vary depending on the nature of the cells. Where pigment is 
formed, it is grayish-yellow to orange or pink in color. Aerobic to microaerophilic. 
Anaerobic species have been reported. Gelatin may be liquefied and nitrites may be 
produced from nitrates. Animal and plant parasites and pathogens. Also from 
dairy products, soil and water. 

Key to the genera of family Corynebacteriaceae. 

I. Aerobic to microaerophilic, non-motile (or questionably motile) rods which are 
variable in form. Animal and plant parasites and pathogens, with some from dairy 
products, soil and water. 

Genus I. Coryne6adcrium, p. 381. 

II. Small aerobic rods with 1 to 4 flagella. Causes a monocytosis in warm-blooded 
animals. 

Genus II. Listeria, p. 408. 

III. Microaerophilic, non-motile rods to long filaments. Pathogenic on warm-blooded 
animals. 

Genus III. Erysipelotkrix, p. 410. 

Genus /. Corynebacterlum Lehmann and Neumann* 

(Lehmann and Neumann, Bakt. Diag.,l Aufl.,:?, 1896,390; Corynethrix Czaplewski» 
Deutsche med. Wchnschr., 26, 1900, 723; Corynemonas Orla-Jenscn, Cent. f. Bakt.» 
II Abt., 22, 1909, 344; Corynobacterium Enderlein, Sitzber. Gesell. Naturf. Freunde, 
Berlin, 1917, 300; Plocamohacterium Lbwi, Wiener klin. Wchnschr., 53, 1920, 730. 
From Greek koryne, club and M. L. bacterium, a small rod. 

Slender, straight to slightly curved rods, with irregularly stained segments or 
granules. Frequently show pointed or club-shaped swellings at the ends. Snapping 
division produces angular and palisade (picket fence) arrangements of cells. Non- 
motile with possible exceptions as stated in the text. Gram-positive to variable, 
sometimes young cells and sometimes old cells being Gram-negative. Granules in¬ 
variably Gram-positive. Generally quite aerobic, but microaerophilic or even anaer¬ 
obic species occur. Catalase positive. They may or may not liquefy gelatin, and 
may or may not produce nitrites from nitrates. They may or may not ferment sugars, 
but they seldom produce a high acidity. Many species oxidize glucose completely to 
COi and HjO without producing visible gas. Some pathogenic species produce a 
powerful exotoxin. This group is widely distributed in nature. The best known 
species are parasites and pathogens on man and domestic animals. Other species 
have been found in birds and insects and the group is probably more widely distributed 
in the animal kingdom than this. Several species are well knowm plant pathogens 
while still other common species are found in dairy products, water and soil. 

The type species is Corynebacterium diphtherias (Flugge) Lehmann and Neumann. 

• Rearranged by Prof. E. G. D. Murray, McGill University, Montreal, P. Q., 
Canada and Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, March, 1938; completely revised by Prof. E. G. D. Murray, Montreal, 
Prof. Robert S. Breed, Geneva and Prof. Walter H. Burkholder, New York State 
College of Agriculture, Ithaca, New York, February, 1945. 
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Key to the species of genus Corynebacterium. 

I. From human sources.* Non-motilc.t 

A. Aerobic. No liquefaction of gelatin. 

1. Acidfromglucoseand usually maltoseandgalactose. Usually no acid from 

sucrose. Causes diphtheria. 

1. Corijnehaclerium diphtheriae. 

2. Not as in 1. 

a. No acid from carbohydrates. 

2. Corynebacterium pseudodipkiheriticum. 
aa. Acid from glucose and sucrose. 

b. Highly pleomorphic, varying from cocci to rods. 

3. Corynebacterium emymicum. 

bb. Rods with polar staining with club forms, diphtheroid in ap¬ 
pearance. 

4. Corynebacterium xerose. 

bbb. Rods as above but characteristic salmon pink growth on 
coagulated blood serum. 

5. Corynebacterium hoagii. 

B. Microaerophilic to anaerobic. Growth feeble or none at all on gelatin. 

6. Corynebacterium acnes. 

II. From domestic and laboratory animals. Non-motile. 

A. Acid from glucose. 

1. Grows poorly if at all on ordinary gelatin and agar. Slow liquefaction of 

serum gelatin and coagulated blood serum. Causes suppurative pro¬ 
cesses in cattle, swine, and other animals. 

7. Corynebacterium pyogenes. 

2. No liquefaction of gelatin or blood serum. Grows poorly, if at all, on 

ordinary gelatin and agar. 

a. Cause of pyelonephritis in cattle. 

8. Corynebacterium renale. 

aa. Found in caseous nodules resembling those of tuberculosis. Found 

in sheep, horses and some other animals. 

9. Corynebacterium pseudotuberculosis. 

aaa. From caseous nodules in mice. 

10. Corynebacterium kutscheri. 

aaaa. Causes a septicemia in mice. 

11. Corynebacterium murisepticum. 

B. No acid from carbohydrates. No liquefaction of gelatin. 

1. From milk and bovine udder. 

12. Corynebacterium bovis. 

* Habitat relationships are used because comparative studies of the species m the 

genus are still completely lacking. ^articu- 

t The reports of motile species in this genus present a puzzling 
larly as the motile species of plant pathogens placed in the genus are polar f^e ^ 
Some students of the group feel that, if motile species really exist, they .. j 
placed in a separate genus. Others feel that a more careful study of the 
polar flagellate species will show that these species really belong 

authors have reported motility, this fact is indicated in the text. It should 

that similar uncertainties exist in regard to described cases of motility among 
streptococci and lactobacilli. 
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2. From pneumonia in foals. 

13. Corynebacterium equi. 

III. From insects. Non-motile. 

A. No acid from carbohydrates. Slow liquefaction of gelatin. 

14. Corynebacterium 'paurometabolum. 

IV. Plant pathogens. Non-motile. 

A. Nitrites not produced from nitrates. 

1. Colonies cream-colored. Slow liquefaction of gelatin. 

a. Bluish granules in growth. Attacks alfalfa. 

15. Corynebacterium insidwsum. 
aa. No bluish granules. Causes ring rot of potatoes. 

16. Corynebacterium sepedonicum. 

2. Colonies yellow. 

a. No liquefaction of gelatin. Causes a wilt and canker of tomatoes. 

17. Corynebacterium michiganense. 

B. Nitrites produced from nitrates. Slow or no liquefaction of gelatin. 

1. Colonies yellow. Attack members of the grass family. 

18. Corynebacterium rathayi. 

19. Corynebacterium agropyri. 

2. Colonies orange. Parasitic on sweet peas, etc. 

20. Corynebacterium fascians. 

V. From soil and water. Liquefaction of gelatin in all cases but sometimes very 
slow (7 weeks). 

A. Acid from glucose. Non-motile. 

1. Nitrites not produced from nitrates. 

21. Corynebacterium helvolum. 

2. Nitrites produced from nitrates. 

a. Cellulose digested. 

22. Corynebacterium fimi. 
aa. Cellulose not digested. 

23. Corynebacterium tumescens. 

B. No acid from glucose. Some indication of motility in No. 25. 

1. Cells coccoid to short, straight or curved rods. 

24. Corynebacterium simplex. 

2. Young cells curved rods in parallel bundles. These may grow out into 

hlaments with branching. 

25. Corynebacterium filamentosum. 


1. Corynebacterium dlphtherlae 
(FlUgge) Lehmann and Neumann. {Mi- 
crosporon diphthericum Klebs (proto¬ 
type), Verhandl. d. Congr. f. innere 
Med., 1883, 143; die Klebs’schen 
Stabchen, Ltiffler, Mitteil. a. d. kaiserl. 
Gesundheitsamte, 1884; Bacillus diph- 
theriae FlUgge, Die Mikroorganismen, 
2 Aufl.,. 1886, 225; Pacinia loejfleri 
Trevissn, I generi e la specie dellc Bat- 
teriacee, 1889, 23; Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., f, 1896, 350; 


Bacterium diphtheriae Migula, Syst. d. 
Bakt., 2, 1900, 499.) From Greek diph- 
thera, a piece of leather; M. L., the 
disease diphtheria. 

Common name: Diphtheria bacillus; 
Klebs-Loeffler bacillus. 

Rods, varying greatly in dimensions, 
0.3 to 0.8 by 1.0 to 8.0 microns, occurring 
singly. The rods arc straight or slightly 
curved, frequently swollen at one or both 
ends. The rods do not, as a rule, stain 
uniformly with methylene blue but 
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show alternate bands of stained and un¬ 
stained material and in addition one or 
more mctachromatic granules which are 
best shown by special stains. Non-mo- 
tile. Gram-positive but not intensely so 
in older cultures. 

Gelatin colonies: Slow development. 
Very small, grayish, lobulate. 

Gelatin stab: Slight growth on surface 
and scant growth in stab. No liquefac¬ 
tion. 

Agar slant: Scant, grayish, granular, 
translucent growth, with irregular mar¬ 
gin. 

Blood-tellurite media: Produces gray 
to black colonies. 

Colony forms: Smooth (S) colony form: 
Round and umbonate or convex, with 
even margin and smooth surface. 
Opaque when viewed by transmitted 
light, glistening and somewhat moist in 
appearance when viewed by reflected 
light. Colonies about 1 to 3 mm in 
diameter. Growth frequently slowed or 
inhibited by the presence of potassium 
tellurite in the medium. 

Rough (R) colony form; Flat, margin 
is very irregular. Surface is pitted and 
very uneven. Very little light reflected 
from surface. Translucent when viewed 
by transmitted light. Colonies about 
1 to 5 mm in diameter. 

Intermediate colony forms; Several 
colony forms are found in this group 
since the term includes all forms be¬ 
tween the pure S form and the pure R 
form. Sr forms very nearly approach 
the S colonies and the sR forms nearly 
approach the pure R forms. The SR 
form shows properties distinct from 
either the S or R forms. The colonies 
are 3 to 5 mm in diameter. The margin 
usually shows indentations. The sur- 
face is raised but not convex; it may be 
nearly level or show a central elevation 
surrounded by a concentric depression 
and elevation. 

Dwarf (D) colony form: Colonies very 
small, about 0.2 mm or less in diameter. 
Margin round and even. Surface convex. 

All of the above colony forms have been 


isolated from cases of diphtheria (Mor¬ 
ton, Jour. Bact., 40, 1940, 768 ff.). 

Broth: Uniform turbidity produced 
by S form, pellicle produced by SR 
form, sediment produced by the R form. 

Litmus milk: Unchanged. 

Potato: No visible growth. 

Blood serum: Growth grayish to cream- 
colored, moist, smooth, slightly raised, 
margin entire. May be bright yellow or 
occasionally reddish (Hill, Sci., 17, 1903, 
375). 

Indole is not formed. 

Nitrites are produced from nitrates. 

All strains form acid from glucose and 
fructose; some strains also ferment galac¬ 
tose, maltose, sucrose, dextrin and 
glycerol. 

Does not hydrolyze urea (Merkel, 
Cent. f. Bakt., I Abt., Orig., H7. 1941, 
398). 

A highly poisonous exotoxin is pro¬ 
duced in fluid media. This toxin repre¬ 
sents the principal disease-producing 
agency of the organism. Toxin produc¬ 
tion may fail in otherwise typical 
strains. 

A highly potent antitoxin can be pro¬ 
duced by repeated injection of to.xin into 
experimental animals. The antitoxin 
possesses both curative and protective 
properties. 

Serological types: In a study of 2 
strains of Corynebacterium diphtheria^ 
Murray (Jour. Path, and Bact.,4f>193 > 
439-46) was able to classify 228 strains 
into 11 serological types and 22 strains 
remained unclassified (Morton, nc 

Rev., 4, 1940, 196). 

McLeod et al. (Jour. Path, and Pact., 

S4r 1931,667; ibid., S6, 1933. 169; Lancet, 

1, 1933, 293) describe three types whicn 
have been confirmed by other ^or 

these are distinguishable by colony o^ 
on McLeod’s blood-tellurite medium, 
they are antigenically different wit su 
types, there is some difference be we 

their toxins (Etris, Jour. ^^* 7 *®** • ' 
1934, 220 ) and the severity of disease 

associated with the type. —-ota 

Corynebacterium diphtheriae type^ 
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grows with dftrk gra}', daisy-head colo¬ 
nies; ferments dextrin, starch and glyco¬ 
gen ; is not liemolytic; has very few small 
metachromatic granules; forms a pellicle, 
granular deposit and there is an early 
reversal of pH in broth. 

Corynebacteriutn diphtheriae type milis 
grows in convex, black, shiny, entire 
colonies; no fermentation of starch and 
glycogen and is variable with dextrin; 
hemolytic; metachromatic granules are 
prominent; diffuse turbidity, infrequent 
pellicle and there is a late reversal of pH 
in broth. 

CoTynchacicrinm diphtheriae type in- 
termedius grows a small, flat, umbonate 
colony with a black center and slightly 
crenated periphery; not hemolytic; bar¬ 
ring of bacilli is accentuated; there is no 
fermentation of starch and glycogen, and 
is variable with dextrin; forms no pellicle, 
a fine granular deposit and there is no 
reversal of pH in broth. 

Ten years of observations in all parts 
of the world have shown (McLeod, Bact. 
Rev., 7, 1943, 1) that a small percentage 
of strains does not correspond closely to 
any of these three types. Variant strains 
are found most frequently in regions 
where the diphtheria is of mild or moder¬ 
ate severity. 

Aerobic, facultative. 

Optimum temperature 34® to 36®C. 
Grows well at 37®C. 

Source: Commonly from membranes in 
the pharynx, larynx, trachea and nose 
in human diphtheria; from the seemingly 
healthy pliarynx and nose in carriers; 
occasionally from the conjunctiva and 
infected superficial wounds. Found oc¬ 
casionally infecting the nasal passages 
and wounds in horses. Has been de¬ 
scribed from natural diseases in fowl. 

Habitat: The cause of diphtheria in 
man. Pathogenic to guinea pigs, kittens 
and rabbits. For action on other animals 
see Andrews et al., Diphtheria. London, 
1023, 170 ff. 

2 . Corynebacterlum pseudodiphtherlt- 


icum Lehmann and Neumann. (Bacillus 
der pseudodiphtherie, Loeffler, Cent, f, 
Bakt., 2, 18S7, 105; G. von liofin-anii- 
Wellenhof, Wien. mod. Wochensclir., 
38, 1S88, 65; Lehmann and Neumann, 
Bakt. Diag., 1 Aufi., 2, 1896, 361; Bacillus 
pseudodiphthericus Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
476; Bacterium pseudodiphthcriticum 
Migula, Syst. d. Bakt., 2, 1000, 

503; Mycobacterium pscudodiphthericum 
Chester, Man. Determ. Bact., 1901, 355; 
Bacillus hojfmanii (sic) Holland, Jour. 
Bact., S, 1920, 218; Coryncbocteriuvi 
hoffmanii (sic) Holland, ibid., 220; 
Coryncbacterium pscudodiphiheriae Hol¬ 
land. ibtd.; Coryncbacterium pscudodiph- 
thericum Bcrgcy ct al.. Manual. 2nd cd., 
1025, 303.) From Greek p.'<cudv.9, a 
falsehcod; M. L., the disease dij)htheria. 

Common name: Pseudodiphthcria ba¬ 
cillus or Hofmann’s bacillus. 

Excellent historical discussions of this 
and related organisms arc given by Bcr- 
gey. Comparative Studies upon the 
Pseudo-diphtheria or Hofmann’s Ba¬ 
cillus, the Xerosis Bacillus, and the 
Loeffler Bacillus. Contrib. from Lab. of 
Hyg., Univ. of Penn., No. 2, 1898, 19-54 
and by Andrewes et al., Diphtheria. 
Ix)ndon, 1923, 382-388. 

Rods, with rounded ends, 0.3 to 0.5 by 
0.8 to 1.5 microns, fairly uniform in 
size, without swollen ends. Not barred 
but even staining interrupted by trans¬ 
verse, medial unstained septum; granules 
usually absent. Non-motile. Gram¬ 
positive. 

Gelatin colonies: Small, grayish to 
cream-colored, smooth, homogeneous, 
entire. 

Gelatin stab: Slight surface growth 
with little growth in stab. No liquefac¬ 
tion. 

Agar colonies: Opaque, grayish to 
cream-colored, smooth, homogeneous, en¬ 
tire. 

Agar slant: Moist, smooth, white to 
cream-colored, entire growth. 

LoeflSer’s blood serum: As on agar. 
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Broth: Slightly turbid with slight, 
grayish sediment. 

Litmus milk: Unchanged. 

Potato: Slight, creamy-white, smooth, 
entire growth. 

Indole not formed. 

Nitrites produced from nitrates. 

No acid from carbohydrate media. 
Hydrolyzes urea (Merkel, Cent. f. 
Bakt., I Abt., Orig., 147, 1941.398). 
Aerobic, facultative. 

Optimum temperature 37®C. 

Not pathogenic. 

Source: From oral cavity of 26 out of 
45 control cases. 

Habitat: Normal throats. 

3 . Corynebacterlum enzymicum (Mel¬ 
lon) Eberson. (An unusual diphtheroid 
bacillus, Mellon, Med. Record, New 
York, 81, 1916 , 240; Bacillus enzymicus 
Mellon, Jour. Bact.,^. 1917,297; Eberson, 
Jour. Inf. Dis., 23, 1918, 29.) From 
Greek en, inside of; zyme, leaven; of an 
enzyme. 

Rods, beaded and club-shaped, defi¬ 
nitely pleomorphic,showingcoccoidforms. 
Non-motile. Gram-positive. 

Gelatin stab: Slight surface growth. 
No liquefaction. 

Glucose agar: Bacillary form shows 
very small colorless colonies. Coccoid 
form shows heavy, yellowish-white, moist 

growths. 

Blood agar: Same as on glucose agar. 
Loeflaer’s blood serum: Fine, moist, 
conflueut growth. 

Glucose broth: Bacillary form shows 
granular sediment. Coccoid form shows 
diffuse, luxuriant growth. 

Litmus milk: Acid, coagulated. 
Potato: No growth. 

Indole formation slight. 

Slight production of nitrites from ni¬ 
trates. 

Acid from glucose, maltose, sucrose, 
dextrin and glycerol. 

Aerobic, facultative. 

Optimum temperature 37°C. 
Pathogenic for rabbits, guinea pigs and 
mice. 


Source: Lungs, blood and joints. 
Habitat: From human sources so far as 
known. 

4. Corynebacterlum xerose (Neisser 
and Kuschbert) Lehmann and Neumann. 
{Bacillus xerosis Neisser and Kusch¬ 
bert, Breslauer artzl. Ztschr., No. 4, 
1883; Xerosebacillen, Kuschbert, 
Deutsche med. Wochnschr., 10, 1884, 
321 and 341; Pncima neisscrf Trevisan, 
I generi e le specie delle Batteriacce, 
1889, 23; Lehmann and Neumann, Bakt. 
Diag., 2 Aufl., 2, 1899, 405; Bacterium 
xerosis Migula, Syst. d. Bakt., 2, 1900, 
485.) From Greek xerus, dry. 

An excellent historical discussion of 
this organism is given by Andrewes etal., 
Diphtheria. London, 1923, 377-382. 

Rods, showing polar staining, occa¬ 
sionally club-shaped forms are seen. 
Non-motile. Gram-positive. 

Plain gelatin colonies: Rarely develop. 
Serum gelatin stab: No liquefaction. 
Agar colonies: Minute, circular, al¬ 
most transparent, raised, smooth, pearly 
white. 

Agar slant: Thin, grayish, limited 
growth. 

Loeffler’s blood serum: Thin, grayish, 
adherent growth. 

Broth: Clear, with slight, granular 
sediment. 

Litmus milk: Unchanged. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates* 
Acid from glucose, fructose, galactose. 

maltose and sucrose. 

Not pathogenic. 

Aerobic, facultative. 

Optimum temperature 37“C. Grows 
very slowlyas lowas 18°to 25®C (Eberson, 
Jour. Inf. Dis., 23, 1918, 3). 

Source: From normal and diseased con¬ 
junctiva. . _ 

Habitat: Probably identical with ot 

species described from the skin an 
other parts of the body. 
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5. Corynebacterlum hoagli (Morse) 
Eberson. (Bacillus X, Hoag, Boston 
Med. and Surg. Jour., 157, 1907, 10; 
Bacillus hoagii Morse, Jour. Inf. Dis., 

1912, 284; Eberson, Jour. Inf, Dis., 
^5, 1918, 10.) Named for Hoag, the 
bacteriologist who first isolated the 
species. 

Rods: 0.8 to 1.0 by 1.0 to 3.0 microns, 
occurring singly. Show polar staining in 
the shorter forma while the longer forms 
are barred and slightly club-shaped. 
Non-motile. Gram-positive. 

Gelatin colonies: Small, dull, pale pink, 
entire. 

Gelatin stab: Slight pink surface 
growth. No liquefaction. 

Agar colonies: Small, pale pink, dull, 
granular; entire. 

Agar slant: Filiform, dull, pink growth. 

Broth: Turbid, with slight pink sedi¬ 
ment. 

Litmus milk: Slightly alkaline, with 
pink sediment. 

Potato: Dull, filiform streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid from glucose and sucrose but not 
maltose. 

Blood serum: Dull, filiform, pink 
streak. 

Aerobic. 

Optimum temperature 30®C. 

Source: From the throat. Air con¬ 
tamination of cultures. 

Habitat: Unknown. 

6 . Corynebacterlum acnes (Gilchrist) 
Eberson, {Bacillus acnes Gilchrist, 
Johns Hopkins Hosp. Repts., 9, 1901, 
425; Actinomyces acnes Gilchrist, ibid., 
425; Eberson, Jour. Inf, Dis., 1918, 
10; Fusijormis acnes Holland, Jour. 
Bact., 5, 19M, 233; Propionihaclerium 
acnes Douglas and Gunter, Jour. Bact., 
52, 1946, 22.) From M. L. acne, the 
disease acne. 

Rods, vary in dimensions, usually 0.6 
by 0.5 to 2.0 microns, sometimes slightly 
club-shaped. Show alternate bands of 
stained and unstained material. Non- 
motile. Gram-posUivo. 


Growth in culture media very feeble. 

Best growth occurs in shake cultures 
with soft, slightly acid, glucose agar. 

Agar slant: Very small, circular trans¬ 
parent colonies which may later become 
rose-colored. 

Loeffler’s blood serum: Small, grayish 
colonies, which may later become rose- 
colored. 

Broth: Clear. 

Litmus milk: Soft coagulum. 

Potato: No growth in aerobic cultures, 
but pink streak in anaerobic cultures. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose, sucrose (slight), 
maltose, mannitol and inulin. Produces 
propionic acid (Douglas and Gunter, 
loc. cii.). 

Catalase produced. 

Microaerophilic to anaerobic. 

Optimum temperature 35® to 37®C. 

Pathogenic for mice and gives rise to 
characteristic lesions. 

Source: From acne pustules. 

Habitat: Sebaceous glands, hair fol¬ 
licles and acne pustules. 

Notes: Even before 1901, several 
authors reported finding bacteria in acne 
pustules which were evidently diphthe¬ 
roid in nature. Unna (Monatshefte f. 
prakt. Derm., IS, 1891, 232) found an 
organism in acne pustules which he gave 
the name of Flaschenbacillus. Hodara 
(Monatshefte f. prakt. Derm., 18, 1894, 
586) reported the presence of two types of 
bacteria in acne lesions, the second of 
which he called Flaschenkugclbacillus. 
Sabouraud (Ann. Inst. Past., 11, 1897, 
134) gave a more accurate description of 
these diphtheroids which he reported to 
need an acid medium for growth. He 
called this bacterium, bacille de s^bor- 
rh 6 egrasse {Bacillus sahouraudi Noveu- 
Lemaire, Precis Parasitol. Hum., 5thed., 
1921, 24). 

Additional anaerobic species will be 
found in the appendix. These are Cory- 
nebacterium lypAi which Eberson {loc.cit., 
19) and Hewlett (Med. Res.Council,Syst. 
of Bact., Ix>ndon,5, 1930, 145) regard as 
practically identical with Coryne&oc- 
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teriuin acnes, and eleven species listed by 
Pr^vot (Manual de Classification et de 
Determination des Bacteries Anaerobies. 
Monographic, Inst. Past., Paris, 1940, 
199-204) as follows; Corynebacteriinn 
diphtheroides, C.avidutn, C. renale cuni- 
culi, C. lyviphophiliun, C. hepatodystro- 
phicans, C. parvutn, C. anaerobium^ C. 
granidosum, C. adamsoiii, C. liquefacicns, 
and C. pyogenes bovis. 

7. Corynebacterium pyogenes (Glage) 
Eberson. {Bacillus liquefaciens pyo¬ 
genes bovis Lucet, Ann. Inst. Past. 7, 
1893. 327; Bacillus liquefaciens pyogenes 
Lucet, ibid., 327; Bacillus liquefaciens 
Lucet, ibid.; Bakteriuin der multipier 
Abszessbildung der Schweine, Grips. 
Ztschr. f. Fleisch- u. Milchhyg., 8, 1808, 
166; Bacillus pyogenes bovis Kimnemann, 
Arch. f. wiss. u. prakt. Tierhcilk., 29, 
1903, 128; Bacillus pyogenes Glago, 

Ztschr. f. Fleisch- u. Milchhyg., tS, 1903, 
166; not Bacillus pyogenes Lucet, Ann. 
Inst. Past., 7, 1893, 327; Bacillus pyo¬ 
genes suis Lehmann and Neumann, Bakt. 
Diag., 4 Aufi.,2,1907, 394; Bacfcnam hyo- 
pyogenes Lehmann and Neumann, Bakt. 
Diag., 4 Aufi., 2, 1907, 394; Bacterium 
pyogenes suis Lehmann and Neumann, 
Bakt. Diag., 7 Aufl., 2, 1927, 499; Bac¬ 
terium pyogenes Ward, Jour. Bact., 2, 
1917, 519; not Bacterium pyogenes Ches¬ 
ter, Man. Determ. Bact., 1901, 1^; 
Eberson, Jour. Inf. Dis., 2$, 1918, 5; 
not Corynebacterium pyogenes Lewand- 
owsky. Cent. f. Bakt., I Abt., Orig., 
S6, 1904, 473; Corynebacterium pseu- 
dopyogenes Ochi and Zaizen, Jour. Jap. 
Soc. Vet. Sci., 16, 1936, 12 and 16, 
1937, 8.) From Greek pyum, pus; 

gignornai, producing. 

For description see Brown and Orcutt, 
Jour. Exp. Med., 32, 1920, 244. 

Rods:0.2 by 0.3 to 2 microns in length. 
Smallest forms appear as scarcely visible 
points (common in old abscesses). 
Chains formed. Club forms may be 
present. Non-motile. Gram-positive. 

Serum gelatin: Liquefaction. 

No growth on ordinary agar. 

Serum agar: Minute colonies after 36 


to 48 hours. Surface colonies may in¬ 
crease to 3 mm in diameter. Colonies 
smoky brown by transmitted light and 
bluish-white by reflected light. 

Bovine blood serum slants: Pit-like 
or more general areas of liquefaction. 

Serum bouillon: Cloudy with fine floc- 
culent grayish flakes that form a sedi¬ 
ment like a streptococcus culture. 

Milk: Coagulation after 48 hours 
at 37'’C, with acid at bottom of tube. 
Separation of whey and peptonization. 

Nitrites not produced from nitrates 
(Merchant, Jour. Bact., SO, 1935, 108). 
Indole not formed. 

Acid formed in serum bouillon from 
glucose, sucrose, lactose, and xylose but 
not from raffinose, inulin, mannitol and 
salicin. 

Beta hemolytic, not hemoglobino- 
philic though growth is favored by pro¬ 
teins as egg albumen, serum or blood 
(Brown and Orcutt, loc. cii.)- 
Optimum temperature 37'’C. Growth 

range 20" to 40"C. 

Intravenous injection of rabbits fatal. 
Aerobic as well as anaerobic growth. 
Source: From bovine pus. 

Habitat: Found in abscesses in cattle, 
swine and other domestic animals. 

8 . Corynebacterium renale (Migula) 
Ernst. {Bacillus renalis bovis Bollinger, 
in Enderlen, Zeit. f. Tiermed., /7, 1890. 
346; Bacillus pyelonephritis bourn (sicl 
HOflich, Monatsh. f. prakt. Tierheilk., 
1891, 356; Bacterium renale Migula, 
Syst. d. Bakt., 2, 1900, 504; Bacillus 
renalis Ernst, Cent. f. Bakt., I '' 
Orig., 59, 1905, 550; Ernst, 40, 

80; Corynebacterium renalis bovis Erns , 
ibid., 82.) From Latin renalis, kidney- 
Description largely taken Jones 

and Little, Jour. Exp. Med., 44,1926, • 
Rods: 0.7 by 2 to 3 microns, ^oa- 
motile. Usually in masses, rarely smgi • 
Bacteria from tissues not as pleomorp 
as those from the earlier transfer c 
tures although many show polar 8*^^ . 
or swollen ends. Cultures grown m bm 
show coccoid forms and beaded ro s 
swollen ends. Gram-positive. 
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Gelatin; Grows i)oorly if at all. \o 
liquefaction. 

Agar; Small punctiform coloiiies. 

Agar slants: Raised, grayish-white, and 
dry growth (Jones and Little). Otliers 
say cream-colored and moist. 

Blood scrum slants: Fine gray puncti¬ 
form colonies in 24 hours at which 
are a little larger than on agar. Streak 
scarcely 1 mm in width. Glistening and 
slimy in fresh cultures. Xo liquefac¬ 
tion. 

Litmus milk; Reduction and coagula¬ 
tion from the bottom. Slow digestion, 
becoming alkaline. 

Broth: Sediment at end of 2 days with 
clear bouillon above. 

Potato; Growth grayish-white; later, 
becoming a dingy yellow, turning the 
potato brown. 

Acid from glucose. No acid from lac¬ 
tose, sucrose, maltose and mannitcl. 
Some strains ferment fructose and man¬ 
nose (Merchant, Jour. Bact., 50, 193", 
109). 

Shows a close serological relationship 
with Corynebacterium pseudotuberculosis 
(Merchant). Anaerobic. 

Not pathogenic for laboratory animals. 
No toxin produced. 

Optimum temperature 37®C. 

Source; Found in pyelonephritis in 
cattle. 

Habitat: Occurs in purulent infections 
of the urinary tract in cattle, sheep, 
horses and dogs. 

9. Corynebacterium pseudotuberculo¬ 
sis (Buchanan) Eberson. (Nocard, Bull, 
de la Soc. Centr. de mdd. Vet., 1885, 207; 
Pseudotuberculose-Bakterien, Preisz, 
Cent, f. Bakt., 10, 1891,568; Bacillus pseu- 
doiuberciilosis ovis Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., S, 1896, 362; 
Bacillus pseudoluberculosis Buchanan, 
Veter. Bact., Phila., 1911, 238; not 
Bacillus pseudoluberetdosis Eisenberg, 
Bakt. Diag., 3 Aufl., 1891, 294; Eberson, 
Jour. Inf. Dis., £S, 1918, 10; Corynehac- 
terium ovis Bergey et al., Manual, Ist 
ed., 1023, 388; not Corynebacterium pseu- 


dotubcrculosis Bergey et al., Manual, 2nd 
ed., 1925, 391; Corynebacterium pseudo¬ 
tuberculosis boi'is (an evident typograidii- 
cal error) Thomson and Thomson, Ann. 
Pickett-Thomson Res. Lab.,i, 1926, 132; 
Corynebacterium pseudoluberculosis ovis 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, Corynebacterium preisz-nocardi 
Hauduroy etal., ibid., 159.) FivinGreek 
pseudus, a falsehood; Latin luherculum, a 
small nodule; M.L., false tuberculosis. 

Common name: Preisz-Nocard bacillus. 

Slender rods; 0.5 to O.C by I.O to 3.0 
microns, staining irregularly and showing 
clubbed forms. Non-motile. Gram¬ 
positive. 

Gelatin colonies: Slight development. 

Gelatin stab: No liquefaction. 

•Agar colonies: Thin, cream-colored to 
orange, folded, serrate, dry. 

LoefHer’s blood serum: Small, yellow, 
serrate colonies. No liciuefaction. 

Broth: No turbidity. Granular sedi¬ 
ment. Pellicle formed (Came, Jour. 
Path, and Bact., j^O, 1939, 316). 

Litmus milk: Unchanged. 

Potato: No growth. 

Nitrites not produced from nitrates. 

Acid from glucose, fructose, galactose, 
mannose, sucrose, lactose, maltose and 
dextrin. Some strains attack xylose. 

Causes caseous Ijunphadenitis in sheep 
and ulcerative lymphangitis in horses. 
Forms an exotoxin. 

Shows a close serological relationship 
with Corynebacterium renale (Mer¬ 
chant, Jour. Bact., 50. 1935, 109). 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From necrotic areas in the 
kidney of a sheep. 

Habitat: Found in caseous lymphade¬ 
nitis in sheep and ulcerative lesions in 
horses, cattle and other animals. 

10. Corynebacterium kutscheri (Mi- 
gula) Bergey et al. {Bacillus pseudo¬ 
luberculosis murium Kutscher, Ztschr. 
f. Hyg., 18, 1894, 338; Bacillus pseudo- 
tuberculosis murium Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 5, 1896, 
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362; Bacterium kutscheri Migula, Syst. 
d. Bakt., 2, 1900, 372; Mycobacterium 
pseudolubcrculosis Chester, Manual De¬ 
term. Bact., 1901, 355; Coryncbacterium 
murium Bergey et al.. Manual, 1st ed., 
1923, 3S6; Bergey et al., Manual, 2nd ed., 
1925, 395.) Named for the bacteriolo¬ 
gist Kutscher, who first isolated the 
species. 

Rods ^Yith pointed ends, staining irreg¬ 
ularly. Non-motile. Gram-positive. 

Gelatin colonies: Small, white, trans¬ 
lucent. 

Gelatin stab: No growth on surface. 
White, filiform growth in stab. No 
liquefaction. 

Agar colonies: Small, thin, yellowish- 
white, translucent, serrate. 

Agar slant: Thin, white, translucent 

Loeffler’s blood serum: Abundant 
growth. Not peptonized. 

Broth: Slight turbidity. Crystals of 
ammonium magnesium phosphate are 
formed. 

Litmus milk: Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From cheesy mass in lung of 
mouse. 

11. Corynebacterlum murisepticum 
V. llolzhausen. (Cent. f. Bakt., I Abt., 
Orig., 105, 1927-28, 94.) From Latin 
mus, muris, a mouse; Greek seplicus, 
putrefying, septic. 

Slender rods: 1.2 to 1.5 microns in 
length, with polar granules. Grow out 
into long filaments. Non-motile. 
Gram-positive. 

Gelatin stab: Feeble growth, with 
fimbriate outgrowth along line of punc¬ 
ture. 

Egg glycerol broth: Good growth. 

Loeffler’s blood serum: Good growth. 

Broth: Turbid. 

Litmus milk: Acid. No coagulation. 

Potato: Good growth. 


Indole not formed. 

Nitrates not reported. 

Acid from glucose, fructose, galactose, 
maltose, lactose, sucrose, inulin and 
mannitol. Arabinose and isodulcitol are 
not attacked. 

Hydrogen sulfide formed. 

Pathogenic for mice. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Habitat: Septicemia in mice. 

12. Corynebacterlum bovls Bergey et 
al. {B. pseudodiphtheria, Bergey, The 
Source and Nature of Bacteria in Milk 
Penn. Dept. Agr. Bull. 125, 1904, 11; 
Bergey et al.. Manual, 1st ed., 1923,388.) 
From Latin bos, bovis, ox; of cattle. 

Rods, slender, barred, clubbed, 0.5 to 
0.7 by 2.5 to 3.0 microns. Non-motile. 
Gram-positive. 

Gelatin stab: Slight, gray, fiat surface 
growth. 

Agar colonies: Circular, gray, slightly 
raised, radiate, undulate, dry. 

Agar slant: Thin, gray, filiform, dry 
growth. 

Broth : Slight granular sediment. 
Litmus milk: Slowly becoming deeply 
alkaline. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
No acid from carbohydrate media. 
Blood serum: Thin, gray, filiform 
growth. 

Causes rancidity in cream. Weakly 
lipolytic on tributyrin agar (Black, Jour. 

Bact., Atf 1941, 99). 

Optimum temperature 37*C. 

Source: In fresh milk drawn directly 

from the cow’s udder. 

Note : Miss Alice Evans (personal com¬ 
munication) states that the orgamsm 
from the udder which she described as 
Bacterium lipolyticus (sic) (Bact a* 
abortus v&t. lipolyticus Evans, Jour. 
Inf. Dis., 18, 1916, 459; Bacterium abor- 
tu 3 var. lipolyticus Evans, Jour. Bac •# • 
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1917,185; Evans, Jour. Inf. Dis., S2, 1918, 
676; not Bactenum lipolyltcum Huss, 
Cent. f. Bakt., II Abt., 20, 1908, 474; 
Alcaligenes lipolyticvs Pacheco, Revista 
da Sociedade Pautista de Med, Vet., 5, 

1933, 9) was probably a Corynebacterium. 
This is also regarded as probable by 
Steck (Die latente Infektion der Milch- 
driise, Hanover, 1930) and by Bendixen 
(Ztschr. f. Infektionskrankh. d. Ilaus- 
tier,, 43, 1933, 106). Miss Evans also 
indicates that it is probable that the 
organism described by Bergcy first in 
1904 {loc. cit.) and later in the first 
edition of the Manual as Corynebacierium 
bovis was the same organism. This is 
further confirmed by Black (Jour. Bact., 

1941, 99). A description of Bacte¬ 
rium lipolyiicum Evans w’ill be found in 
the Manual, 5th ed., 1939, 803. 

13. Corynebacterlum equlMagnussen. 
(Magnusson, Arch. f. Tierheilk. SO, 
22 ; Corynehacterium pyogenes {equi) 
Meissner and Wetzel, Deutsche Tier- 
arztl. Wchnschr., SI, 1923, 449; Coryne- 
hacleriurn (pyogenes) equi roseum Liitji, 
ibid., 561; Mycobacterium equi Jensen, 
Proc. Linn. Soc. New So. Wales, 69, 

1934, 33; Corynebacierium magnusson- 
hollh Plum, Cornell Vet., SO, 1940, 15; 
Corynebacierium purulenlus Holtman, 
Jour. Bact., 49, 1945, 161.) From Latin 
equus, horse. 

Description from Dimock and Ed¬ 
wards, Kentucky Agri. Exper. Stat., 
Bull. 333, 1932; Bruner and Edwards, 
ibid., Bull. 414, 1941; Merchant, Jour. 
Bact., SO, 1935, 95; and Brooks and 
Hucker, Jour. Bact., 48, 1944, 309. 

Rods variable according to medium. 
Coccoid and ellipsoidal cells to rather 
long curved and sometimes clubbed 
forms. The latter are especially apt to 
occur in liquid media. Non-motile. 
Gram-positive. 

Gelatin stab: Good growth. No lique¬ 
faction. 

Agar colonies: Usually moist, smooth 
and glistening, tan to yellow (Brooks 


and Hucker, loc, cit., p. 300) or pink to 
red chromogenesis (Merchant, loc. cii., 
p. 107). 

Agar slant: Moist heavy growth which 
may run down the slant (Dimock and 
Edwards, loc. cit., p. 322). 

Broth: Turbid with no pollicle and 
little sediment (Dimock and Edwards, 
loc. cit., p. 322). Pellicle and final pH 
alkaline (Brooks and Hucker, loc. cii., 
p. 309). Branched cells occur in 6 to 8 
hour cultures in broth. 

Loeffler’s blood scrum: Good growth 
with tan to yellow chromogencsis. No 
liquefaction. 

Coagulated egg yolk: Vigorous salmon- 
pink growth. Dryer than on agar, re¬ 
sembling wrinkled growth of tubercle 
bacillus after two weeks. 

Litmus milk: No change to slightly 
alkaline. 

Potato: Abundant growth, usually tan, 
yellow or pink. 

Indole not formed. 

Hydrogen sulfide produced on appro¬ 
priate media. 

Nitrites produced from nitrates. No 
ammonia produced. 

No acid from carbohydrate media. 
However, glucose stimulates growth. 

Sodium hippurate: Not hydrolyzed. 

Esculin: Not hydrolyzed. 

No exotoxin demonstrated in filtrate 
of broth cultures. 

No or slight hemolysis of horse blood. 

Not pathogenic for laboratory animals. 

Aerobic. 

Temperature relations: Optimum 25® 
to 37®C. Maximum 37° to 45°C, Mini¬ 
mum V to 18°C. 

Source: Originally isolated from in¬ 
fectious pneumonia of foals. 

Habitat: Found in spontaneous pneu¬ 
monia of foals and other infections in 
horses. Also in swine, cattle and 
buffaloes. 

Note: Jensen (loc. cit., 33) regards 
four cultures of soil bacteria isolated in 
Australia os identical with this organism. 
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Because of the acid-fast staining of the 
cells, especially when grown in milk for 
3 to 7 days, lie places this species in the 
genus Mycobacterium. Most cocci re¬ 
tain tlie stain completely, while the rods 
take the counterstain. Jensen thinks 
the organism a widespread soil saprophyte 
which under certain conditions acquires 
pathogenic properties. He points out 
the close relationship of this organism to 
Bacterium nuraritium-roseum Honig 
(Mededcel. Deli Proofstat. to Medan, 7, 
1912, 223) isolated from fermenting 
tobacco. He also regards this species as 
closely related to Mycobacterium coel- 
iacum Gray and Thornton. Red strains 
seem to be much like Bacillus rubroper- 
tinctus Hefferan and Micrococcx/s {Sta¬ 
phylococcus) erythromyxa Zopf. 

14. Corynebacterium paurometabo- 
lum Stcinhaus. (Jour. Bact., 41, 19-H| 
763 and 783.) From Greek paurus, 


halosc, sorbitol, inulin, dulcitol, glycerol, 
rhamnose, adonitol, mannose, esculin 
and inositol. 

Aerobic. 

Slight alpha hemolysis. 

Xon-pathogenic for guinea pigs. 

A special semi-solid medium, the main 
nutritive constituents of which were pro¬ 
teose peptone, rabbit serum, gelatin, 
minced rabbit kidney and carbohydrates, 
was used for the original isolation. An 
incubation period of 4 to 7 days at 26®C 
was necessary for the initial isolation. 
Subsequent transfers to ordinary beef- 
infusion agar grew out in 24 to 48 hours. 

Source: From media inoculated with 
the inycetome and ovaries of the bedbug, 
Cimex lectularius L. A very similar 
diphtheroid strain was isolated from the 
alimentary tract of the bagworm, Thyri- 
dopteryx ephemeraeformis Haw. 

Habitat: Distribution in nature un¬ 
known. 


little; metabole, change or little action. 

Rods: 0.5 to 0.8 by 1.0 to 2.5 microns, 
occurring singly, in pairs and in masses. 
Metachromatic granules present. Non- 
motile. Gram-positive. 

Gelatin stab: Slow liquefaction at sur¬ 
face. 

Agar colonies: White to gray, entire, 
circular, small, dry, somewhat granular. 

Agar slant: Filiform to arborescent, 
thick, granular growth. 

Broth: Abundant granular sediment 
but no turbidity. Pellicle. 

Litmus milk: Alkaline. 

Potato: Thick, raised, dry, granular, 
profuse, gray to light cream-colored 
growth. 

Indole not produced. 

Slight production of hydrogen sulfide. 

Nitrites not produced from nitrates. 

No action on the following carbohy¬ 
drates: Glucose, lactose, sucrose, maltose, 
fructose, mannitol, galactose, arabinose, 


*15. Corynebacterium Insidiosum (Mc¬ 
Culloch) Jensen. (Aplanobacter insi¬ 
diosum McCulloch, Phytopath., 15, 1925, 
497; Bacterium insidiosum Stapp, 
Sorauer, Handb. der Pflanzenkr., 5 
Aufl., 1928, 178; Phytomonas insidioja 
Bcrgey et al., Manual, 3rd ed., 1930, 278, 
Jensen, Proc. Linnean Soc. of New So. 
Wales, 69, 1934, 41.) From Latin m- 
sidiosus, deceitful, dangerous. 

Also see McCulloch, Jour. Agr. Res * 

35,1926,502. 

Rods: 0.4 to 0.5 by 0.7 to 10 micron. 
Capsules present. Non-motile. Gram 
positive. 

Gelatin: Slow liquefaction. 

Beef agar colonies: Pale yellow, circu 
lar, smooth, shining; edges entire; visci 
Blue granules found on the mediuna. 

Milk: Coagulated after 16 to 20 days. 
No digestion. An apricot yellow 
ment is deposited on the walls o 


xylose, dextrin, salicin, raffinose, tre- tube. __ 

* Descriptions of Species nos. 15 to 20 inclusive prepared by Professor Walter H 


Burkholder, Ithaca, New York. 
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Nitrites not produced from nitrates. 
Indole not formed. 

N 0 H 2 S produced. 

Acid from glucose, sucrose, lactose and 
glycerol. 

Moderate diastatic action. 

Grows in 5 per cent salt. 

Optimum temperature 23®C. Maxi¬ 
mum 31®C. 

Aerobic. 

Distinctive character: Bluisli gran¬ 
ules produced in culture. 

Source: Isolated from diseased alfalfa 
plants. 

Habitat: Vascular pathogen of alfalfa, 
Medicago saliva. 

Note: Jensen (loc. cit.) regards this 
species as being almost identical with 
Corynebacterium helvoliim Kisskalt and 
Berend. He isolated one strain from 
grass soil which he regards as a sapro¬ 
phytic strain of this species. Jensen 
emphasized the angular arrangement of 
young cells grown on agar and potato. A 
faint indication of reduction of nitrates 
and of diastatic action was obtained. 
He also reports a weak proteolysis of 
milk. Optimum reaction is given as pH 
5.6 to 6.8. A slimy variant of the soil 
strain was isolated from an old culture in 
glucose broth which seemed to agree 
better in its characteristics with the 
organism as described by Jones and Mc¬ 
Culloch than did the non-slimy strains. 

15a. Corynebacterium insidiosum var. 
sapropkylicum Jensen (foe. cit., 42) is 
based on a non-infectious soil strain. 
This grew more vigorously with less 
definite yellow pigment on nutrient agar 
than the pathogenic strain. Blue-violot, 
insoluble pigment near edge of growth on 
glucose agar; no blue pigment on potato; 
no coagulation of milk; higher tempera¬ 
ture maximum and more resistance to 
acid reaction than the pathogenic strains. 
From grass soil in Australia. 

16. Corynebacterium sepedonlcum 
(Spiekormann and Kotthoff) Skaptason 


and Burkholder. {Bacterium sepedoni- 
cutn nomen nudum Spiekermann, Ill. 
Landw. Zeitung, 33, 1913, G80; Bacterium 
sepedonicum Spiekermann and Kotthoff, 
Landw. Jahr., 1914, 074; Aplanobac- 
ter sepedonicum Erw. F. Smith, Intro. 
Bact. Dis. of Plants, 1920, 207; Plnjto^ 
monas sepcdonica Mngrou, in Ilauduroy 
et al.. Diet. d. Bact. Path., Paris, 1937, 
411; Skaptason and Burkholder, Phyto¬ 
path., 32, 1942, 439.) From Greek 
sepedonicus, putrefactive. 

Description from Stapp (Ztschr. f. 
Par., 5, 1030, 756). 

Rods; 0.3 to 0.4 by 0.8 to 1.0 micron. 
Pleomorphic. Non-mot ilc. Gram-posi¬ 
tive. 

Gelatin: Liquefaction slight. 

Agar colonies: Thin, smooth, trans¬ 
lucent, glistening, whitish, 2 to 3 mm in 
diameter. 

Broth: Weak growth. No pellicle. 
Light sediment. 

Litmus milk: Little change in 6 weeks, 
after which litmus is reduced. 

Indole not formed. 

No HaS production or feeble. 

Glucose, galactose, fructose, arabinose, 
xylose, mannitol, glycerol and dulcitol 
are utilized. 

Starch hydrolysis light. 

Grows in 4 per cent salt. 

Optimum temperature 20° to 23°C. 
Maximum temperature 31 °C. Minimum 
4°C. 

Distinctive characters: Differs from 
Corynebacterium michiganense , in that 
it is white to cream-colored on various 
media and has a lower optimum tempera¬ 
ture. Corynebacterium michiganense 
does not infect potatoes. 

Source: Stapp used 17 cultures isolated 
from diseased potatoes. 

Habitat: Causes ring rot of potato 
tubers in Germany. 

17. Corynebacterium michiganense 
(Erw. Smith) Jensen. (Bacteriu?n 
michiganense Erw. Smith, Science, SI, 
1910, 794; Pseudomonas michtganensis 
Stevens, The Fungi which Cause Plant 
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Diseases, 1913, 30; Aplanobacier michi- 
ganense Erw. Smith, Bacteria in Rel. to 
Plant Dis., 3, 1914, 161; P/ii/tonionas 
michigancnsis Bergey et al.. Manual, 
1st ed., 1923, 191; Jensen, Proc. Linnean 
Soc. of New So. Wales, 59, 1934, 47; 
Erwinia michiganeae, incorrectly at¬ 
tributed to Bergey by Jensen, loc. cit.y 
47.) Latinized, of Michigan, where the 
disease produced by this pathogen was 
first reported. 

Description from Bryan, Jour. Agr. 
Res., 41, 1930. 825- 

Rods: 0.6 to 0.7 by 0.7 to 1.2 microns. 
Non-motile. Capsules. Gram-positive. 
Characteristic angular growth with 
brandling and club-shaped cells (Jensen, 
loc. cil.). 

Beef agar colonies; Growth slow, mus¬ 
tard yellow, smooth, gli.stening, bu- 
tyrous. 

Chromogenesis: Develops yellowish- 
brown, light ochre-yellow to sepia brown 
colors on suitable media (Jensen, loc. 
cil.). 

Gelatin: Slow liquefaction. 

Broth: Turbidity slow and moderate. 

Milk: Slow coagulation. No pep¬ 
tonization. 

Nitrites not produced from nitrates. 

Utilizes peptone, but not ammonia, 
nitrite, nitrate, tyrosine, asparagine or 
glutamic acid (Mushin, Austral. Jour. 
Exp. Biol, and Med., 16, 1938, 326). 

Indole not produced. 

No HiS produced. 

Acid from glucose, sucrose, galactose, 
fructose, maltose, and slight acid from 
lactose, glycerol and mannitol. 

Starch: Very weak diastatic action. 

No growth in 3 per cent salt. 

Optimum temperature 25® to 27®C. 
Maximum, 33®C. Minimum, 1®C. 

Aerobic. 

Source: From the bacterial canker of 
tomato. 

Habitat: Pathogenic on tomato. 

17a. Corynebacterium michiganense 
var. saprophyticum Jensen (loc. cit., 48). 
Grows more rapidly and with more moist 


growth, has a higher temperature maxi¬ 
mum and stronger proteolytic activity 
than the pathogenic strains. From grass 
soil in Australia. 

18. Corynebacterium rathayl (Erw. 
Smith) Dowson. (Aplanobacier ra- 
thayi Erw. Smith, Science, 38, 1913, 926, 
and Bact. in Rel. to Plant Dis., 3, 1914, 
155; Phijlonwnas rathayi Bergey et al., 
Manual, 1st cd., 1923, 192; Bacterium 
rathayi Stevens, Fungus Dis. of Plants, 
1925, 21; Dowson, Brit. Myc. Soc. Trans., 
25, 1942,313.) Named for E. Rathay, the 
.Austrian plant pathologist who first iso¬ 
lated the species. 

Rods : 0.6 to 0.75 by 0.75 to 1.5 microns. 
Non-motile. Not acid-fast. Capsules. 
Gram-positive. 

Gelatin: Slow liquefaction after 7 
weeks. 

.Agar colonies; Small, yellow, slow- 
growing. 

Milk; Growth slow. Yellow ring. 

Litmus milk: Alkaline and reduced. 

Nitrites are produced from nitrates. 

Potato plugs: Good, yellow, viscid 
growth. 

Acid but no gas from glucose, sucrose 
and lactose. 

Cohn’s solution : No growth. 

Heavy inoculum necessary in media. 

Source: Isolated from slimy heads of 
Daciylis glomerala by E. Rathay io 
Austria. 

Habitat: Pathogenic on Daciylis glo- 
merata. 

Note: Bacillus mucilaginosus hoeh 
eriae Aujeszky, Botanikai Kozlemenyeki 
tS, (Foreign Supl. 41), 1914, Pseudo¬ 
monas mucilaginosus koeleriae Moes»» 
Schedis ad Flora Hungarica Exs. Cent. 
IV, No. 301, Sect. Bot. Mus. Nat. Hung-. 
Budapest, 1915. The description of the 
bacterium is possibly that of the sapijO 
phyte. Pseudomonas Jlitorescens, but t e 
description of the disease is that cauae^ 
by Corynebacterium rathayi. The 
men in schedis is a head of grain t 
appears to be infected with Coryne oc 

ierium rathayi. 
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19. Corynebacterlum agropyri (O’Gara) 
comb. nov. {AplanobactcT agropyri 
O’Gara, Phytopath., 6, 1916, 343; Phyto- 
monas agropyri Bergey et al., Manual, 1st 
ed., 1923,190; Bacterium agropyri Stapp, 
in Sorauer, Handbuch d. Pfianzenkrank- 
heiten, 5 Aufl., B, 1928,37.) From Greek 
agros, field and puros, wheat; M. L. Agro- 
pyron, wheat grass. 

Rods; 0.4 to 0.6 by 0.6 to 1.1 microns. 
Capsules. Non-motile. Gram-variable. 
Gelatin: No liquefaction. 

Nutrient agar slant: Meager, yellow, 
very viscid growth. 

Broth: Light clouding with yellow pre¬ 
cipitate. 

Milk: Little changed. Yellow sedi¬ 
ment formed. 

Nitrites are produced from nitrates. 

Acid but no gas from glucose, lactose, 
sucrose and glycerol. 

Starch: Hydrolysis feeble. 

Optimum temperature 25® to 28®C. 

This species is very similar to and may 
be identical with Corynebacterium rathayi 
Dowson. 

Source: From slimy heads of wheat 
grass. 

Habitat: Found on wheat grass, Agro- 
pyron smiihii. 

20. Corynebacterium fasclans (Til- 
ford) Dowson. {Phylomonas fascians 
Tilford, 54th Kept. Ohio Agr. Exp. Sta. 
Bull. 661, 1936, 39; Jour. Agr. Res., 6S, 
1936, 393; Unnamed pathogen, Lacey, 
Ann. Appl. Biol., S3, 1936, 308; Dowson, 
Brit. Myc. Soc. Trans., 26, 1942, 313.) 
From Latin fascio, producing a fasciation. 

Rods: 0.5 to 0.9 by 1.5 to 4.0 microns. 
Non-motile. Gram-positive. 

Gelatin: No liquefaction. 
Potato-glucose agar colonies: Light 
cream-colored colonies appear after 72 
hours. Punctiform, circular, later cad¬ 
mium yellow to deep chrome. 

Nutrient agar slant: After one week 
streak is filiform, flat, dull to glistening, 
smooth, opaque, cream-colored, and 
butyrouB. 


Broth: Slightly turbid. Fragile pel¬ 
licle with distinct rim. 

Milk: Litmus becomes blue. Other 
changes slight. 

Nitrites are produced from nitrate.s. 

Indole not formed. 

Hydrogen sulfide is produced. 

Acid but no gas from glucose, galactose, 
fructose, mannose, arabinose, xylose, mal¬ 
tose, sucrose, glycerol, mannitol and dex¬ 
trin. No acid from rhanmose, lactose, 
raflinose and inulin. 

Starch not hydrolyzed. 

Grows in S per cent salt. 

Optimum temperature 25® to 28®C. 

Aerobic. 

Source: Described from 15 single cell 
isolates from fasciated growths on sweet 
peas. 

Habitat; Pathogenic on sweet pea, 
chrysanthemum, geranium, petunia, to¬ 
bacco, etc. 

21. Corynebacterium helvolum (Zim¬ 
merman) Kisskalt and Bercnd. {Bacil¬ 
lus helvolus Zimmermann, Bakt. unsercr 
Trink- u. Nutzwiisser, Chemnitz, 1, 1890, 
52; Bacterium helvolum Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 
254; Kisskalt and Berend, Cent. f. Bakt., 
I Abt., Orig., 81, 1918, 44G; Flavobac- 
terium helvolum Bergey etal.. Manual ,1st 
ed., 1923, 114.) From Latin helvus, of a 
light bay color. 

Original description supplemented 
from Jensen, Proc. Linn. Soc. New So. 
Wales, 69, 1934, 37. 

Rods: 0.5 by 1.0 micron, occurring sin¬ 
gly. Show angular arrangement due to 
snapping division. Variable in mor¬ 
phology. Non-motile. Gram-positive. 

Gelatin colonies: Small, circular, yel¬ 
lowish-gray. Liquefaction. 

Gelatin stab: Slight development along 
the stab. Napiform liquefaction. 

Agar colonies: Circular, pale yellow, 
smooth, slightly convex. 

Agar slant: Pale yellow, plumose to 
spreading, moist, undulate. 

Milk agar: Growth fair to very abun- 
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clant, white to pale yellow. Some strains 
form a pink pigment. Proteolytic zones 
clear amJ broad after 4 days. 

Asparagine agar : Scant to good growth, 
smooth, glistening, white and cream- 
colored to lemon-yellow or even dull pink. 

Broth : Turbid, with gray ring and yel¬ 
lowish sediment. After four days the 
sediment contains long, curved and 
branching rods. May resemble small 
mycelia. 

Litmus milk: Slightly acid, with soft 
coagulum, becoming alkaline; peptonized. 
Litmus reduced. 

Potato; Pale yellow, moist, plumose 
growth, becoming rough, dull. Slimy 
variants noted in one strain. A myceloid 
variant with dry wrinkled growth was 
found in another strain. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid from glucose, glycerol and manni¬ 
tol. Usually from arabinose, sucrose, 
galactose, fructose. 

Aerobic, facultative. 

Hydrogen sulfide produced on appro¬ 
priate media^ 

Optimum temperature 25®C. Usually 
grows at 37®C. 

Source: Originally isolated from water. 

Habitat; A common soil Coryne- 
hacierium. 

22. Corynebacterium fimi (McBeth 
and Scales) Jensen. {Bacterium fimi 
McBeth and Scales, Bur. of Plant Ind., 
U. S. Dept. Agr., Bull. 266,1913, 30; Cei- 
lulomonas jimi Bergey et al.. Manual, 1st 
ed., 1923, 166; Bacillus fimi Holland, 
Jour. Bact., 5, 1920, 218; Jensen, Proc. 
Linn. Soc. New So. Wales, 59, 1934, 4S.) 
From Latin fimus, dung. 

Description from Jensen {loc. cH.) who 
studied an authentic strain. 

Rods present typical diphtheroid ap¬ 
pearance with angular arrangement, 0.4 
to 0.5 by 1.2 to 2.5 microns. Many longer, 
rregular, curved, club-shaped and 
branching cells on Sabouraud’s (whey) 
agar. Non-raotile. Gram-negative (Mc¬ 


Beth and Scales). Gram-variable like 
some other corynebacteria (Jensen). 

Gelatin colonies: Small, round, becom¬ 
ing lobutc. Slow liquefaction. 

Gelatin stab; Granular yellow growth. 
Infundibuliform liquefaction. 

Cellulose agar colonies: Circular, 
raised, smooth, glistening, gray, entire. 

.\gar slant: Smooth, glistening, white to 
lemon-yellow growth. 

Glucose and Sabouraud’s agar: Growth 
less abundant and cream-colored. 

Asparagine agar: Very scant growth, 
narrow, thin, glistening, white. 

Broth: Uniform turbidity, soft cream- 
colored to yellow sediment after 3 weeks. 

Litmus milk : Coagulated at 3 weeks at 
37'’C. Not at 28^ to SOX. Faintly acid. 

Potato: Slow cream-colored to yellow 
growth. 

Indole is formed. 

Nitrites are produced from nitrates. 

.\mmonia is produced in peptone solu¬ 
tions. 

Diastatic action doubtful. 

Acid from glucose, fructose, arabinose, 
xylose, maltose, lactose,sucrose, raffinosc, 
melezitose, dextrin, starch, salicin and 
glycerol. None or feebly produced from 
mannitol and dulcitol. 

Causes rapid disintegration of cellulose 
(filter paper) in a 0.5 per cent peptone 
solution. 

Aerobic, facultative. 

Optimum temperature 20°C (McBet 
and Scales). Better growth at 37®C than 

at 28® to 30®C (Jensen). 

Source: Probably isolated from soi ■ 
Found in soils of Southern California 
(McBeth, Soil Sci., /, 1916,443). 

Habitat: Soil. 

Bacterium liquatum McBeth and Scales 
(McBeth and Scales, Bur. Plant Ind*^ 
U. S. Dept. Agr., Bull. 266, 1913, 3^. 
Cellulomonas liquata Bergey et ah, 
ual, 1st ed., 1923.166) should be regarde 
as identical with this species os the only 
significant difference reported betw^^ 
the two species by the original au 
was that Bacterium liquatum pro uce 
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yellow chromogcncsis more readily. 
This, however, does not appear to have 
occurred any more frequently than took 
place with the authentic culture of Bac¬ 
terium firni when tested by Jensen {he. 
cit.). 

23. Corynebacterium tumescens Jen¬ 
sen. (Jensen, Proc. Linn. Soc. New So. 
Wales, 69, 1934, 45.) From I^^itin tumes¬ 
cens, swollen. 

Rods show characteristic cytomorplio- 
sis in glucose agar, Sabouraud’s (whey) 
agar and milk agar. Cells after 18 to 24 
hours at 28° to 30°C are curved, often 
branched, show an angular arrangement. 
0.5 to 0.8 by 2.5 to 6.0 microns. After 2 
to 3 days many spherical to club-shaped 
cystites (3 microns in diameter) arise as 
local swellings of the rods. Staining in¬ 
tensely at first, they gradually change 
into large, irregular, {worly stained ghost 
cells which show deeply staining belts 
and granules. Irregular less swollen 
deeply stained rods and small cocci (0.4 
to 0.5 micron) which resemble the gran¬ 
ules in the cystites are also present. 
These cocci are living cells. Non-motile. 
Gram-positive. 

Gelatin colonies: Small, opaque, yel¬ 
low. Liquefaction after 3 to 4 weeks. 

Milk agar: Cystites develop in almost 
pure culture. These sometimes have 2 to 
4 small cocci attached to the wall so that 
they look like budding yeasts. When 
transferred to fresh agar, cystites either 
fail to grow or germinate with 2 to 4 slen¬ 
der germ tubes which regenerate the rods. 
Cystites are produced most abundantly at 
37°C, sometimes not at all at 16° to 18°C. 

Sabouraud’s agar: Cystites sometimes 6 
to 8 microns in diameter. Growth may 
be cream-colored or even grayish-pink. 

Asparagine agar: Growth thin, flat, 
moist, colorless. 

Broth: Faint uniform turbidity; after 
2 to 3 weeks, a soft white to cream-colored 
sediment. 

Milk: Thin white ripg around surface. 
Soft coagulation after 18 to 20 days. 
Later, slow digestion. Faintly acid. 


Potato: Slow but eventually good 
growth, restricted, glistening, viscid, 
cream-colored to grayish-orange. 

Acid from glucose, arabinose, galactose, 
maltose and glycerol; occasionally from 
sucrose and mannitol. 

Nitrites produced from nitrates. 

Optimum reaction pll 6.2 to 6.8. 

Slimy variants produced after 172 days 
growth in.lithium solution. 

Source : Two strains from grass soils and 
one from garden soil in Australia. 

Habitat: Soil. 

24. Corynebacterium simplex Jensen. 
(Proc. Linn. Soc. New So. Wales, 59, 1934, 
43.) From Latin simplex, simple. 

Rods: 0.4 to 0.5 by 3.0 to 5.0 microns, 
curved and in parallel bundles. No 
branching in older cultures but the 
cells grow shorter, becoming almost 
coccoid. Angular arrangement. Non- 
motile. Gram-positive. 

Gelatin : Colonies very small. Filiform 
growth along stab. Liquefaction after 4 
days. 

Asparagine agar: Fair to good growth, 
becoming moist and glistening. No pig¬ 
ment. 

Glucose agar: Abundant growth. 
Spreading, smooth, glistening, cream- 
colored to grayish-yellow. 

Broth: Uniform turbidity, grayish- 
yellow*, viscid sediment. 

Milk: Yellowish ring around surface. 
No coagulation. Complete digestion 
after 10 to 12 days. Reaction neutral. 

Nitrites produced from nitrates. 

Starch is not hydrolyzed. 

Acid from sucrose. Alkaline reaction 
in other sugar broths. 

Excellent growth at 37°C. 

Resembles Corynebacterium fdamento- 
sum in cultural characters but does not 
form long filaments. 

Source: From grass soil and red soil 
from Griffith, Australia. 

Habitat: Soil. 

25. Corynebacterium filamentosum 
Jensen. (Proc. Linn. Soc. New So. 
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Wales, 59, 1934, 42.) From Latin Jila- 
ineniosus, full of threads. 

Rods: Variable in shape. Young cells 
typically curved, vibrio-likc, 0.5 to 0.8 by 
2.0 to 7.0 microns, sometimes longer 
and branched. Always in parallel bun¬ 
dles. Usually non-motile but a few cells 
exhibit a peculiar oscillatory or rotatory 
movement. Gram-positive. 

Gelatin: Colonies small, spherical, en¬ 
tire. Filiform white growth in stab. 
Liquefaction slow starting at end of 7 
days. 

Asparagine agar: Good characteristic 
growth, widely spreading, central part 
convex,smooth,glistening, white, sending 
dendritic projections into the broad mar¬ 
ginal part. Usually produces lightgreen- 
ish-yellow soluble pigment. 

Glucose agar: Growth less vigorous 
than on asparagine agar, flat, cream- 
colored to grayish-yellow, viscid. 

Sabouraud (whey) agar: Similar to glu¬ 
cose agar. 

Potato: Scant to no growth, flat, glis¬ 
tening, cream-colored to grayish-yellow, 
surrounded by a white halo. 

Broth: Faint uniform turbidity. Soft, 
flaky, cream-colored sediment. 

Milk: White to cream-colored surface 
ring and sediment. No coagulation. 
Digestion in 2 to 4 weeks. Neutral to 
faintly acid. 

May produce nitrites from nitrates. 

Starch is not hydrolyzed. 

Acid from glycerol and arabinose. 
Strong and rapid alkaline formation in 
other sugar media. 

Optimum reaction pH 6.4 to 5.6. 

Excellent growth at 37®C. 

Aerobic. 

Regarded as being much like Vt6rio 
lingualis Eisenberg and Bacterium race- 
mosum Zettnow. 

Source: From red soil from Griffith, 
Australia. 

Habitat: Soil. 


Appendix I:* The following four spe¬ 
cies of plant pathogens have an unusual 
combination of characters in that they are 
reported to be Gram-positive and polar 
flagellate. Cultures of two of the four 
species have been available for study and 
these and other characters have been re- 
checked by several persons. Corynebac- 
lerium jlaccumfaciens shows many wedge- 
shaped cells and longer cells with a 
slight curve. It is motile with a single 
polar flagellum and shows Gram-positive 
with commonly used procedures for 
Gram-staining. Corynehacterium poin- 
seltiae shows a straightcr form of cell but 
in other characters is like C. flaccum- 
faciens. Prof. W. H. Burkholder and 
Dr. M. P. Starr really feel that these 
organisms are most closely related to 
other more typical corynebacteria. 
They are therefore placed for the present 
in this appendix, although by the char¬ 
acters used in the keys they would be 
placed in Pseudomonadaceae. 

1. Corynehacterium hypertrophlcans 
(Stahel) com6. nov. {Pseudomonas hy- 
perirophicans Stahel, Phyt. Ztschr., 
1933, 445; Pkyiomonas hyperlrophicans 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., Paris, 1937, 367.) From 
Greek hyper-trophe, hypertrophy. 

Rods: 0.6 to 0.8 by 1.2 to 2.8 microns. 
Motile with a polar flagellum. Bipolar 
staining. Gram-positive. 

Gelatin: No growth. 

Agar colonies: Slow growing, circular, 

raised, wet-shining, white. 

Broth plus sucrose: Growth good. ® 

pellicle. 

Milk: No visible change. 

Nitrites not produced from nitrates. 

Indole not formed. 

No HjS produced. 

Acid but no gas from glucose, fructose 

and sucrose. No acid from lactose an 
glycerol. The acids from sucrose are 

lactic and formic. 


•Prepared by Prof. Walter H. Burkholder, New York State College of Agriculture, 
Ithaca, New York, May, 1945. 
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Aerobic. 

Source: From witches’ brooms. 
Habitat: Pathogenic on Eugenia lali- 
folia. 

2. Corynebacterium flaccumfaciens 
(Hedges) Dowson. {Bacterium fiaccum- 
faciens Hedges, Science, 65, 1922, 433; 
Phytopath., 16, 1926, 20; Phytomonas 
flaccumfaciens Bergey et al., Manual, 
Ist ed., 1923, 178; Pseudomonas flac¬ 
cumfaciens Stevens, Plant Diseases of 
Fungi, 1925, 27; Dow'son, Brit. Myc. 
Soc. Trans., S5, 1942, 313.) From Latin 
flaccus, flabby or wilted;/acto, to make; 
producing a wilt. 

Rods: 0.3 to 0.5 by 0.6 to 3 microns. 
Motile with a single polar flagellum; 
also non-motile (Adams and Pugsley, 
Jour. Dept. Agr. Victoria., 32, 1934, 306). 
Gram-positive. 

Gelatin: Liquefaction feeble. 

Beef agar slants: Rather moderate 
growth, glistening, flat, smooth, viscid 
and yellow. 

Broth: Moderate turbidity in 24 hours. 
Pellicle formed. 

Milk: Acid curd and slow peptoniza¬ 
tion. 

Nitrites not produced from nitrates. 
Indole not formed. 

No H^S formed. 

Acid from glucose, lactose, sucrose and 
glycerol. 

Starch not hydrolyzed. 

Slight growth in 5 per cent salt. 
Optimum temperature, 31®C. Maxi¬ 
mum temperature 36® to 40®C. 

Distinctive character: A strict vascular- 
parasite of the bean. 

Source: From wilted bean plants from 
South Dakota. 

Habitat: Causes a wilt of beans and 
related plants. 

3. Corynebacterium polnsettlae Starr 
and Pirone. (Phytopath., $8, 1942,1080; 
Phytomonas poinseiliae, ibid.) From 
M. L., old genus Poinseltia. 

Rods: Average colls 0.3 to 0.8 by 1.0 
to 3.0 microns. Pleomorphic with some 
cells 8.5 microns in length. Granules 


and capsules present. Motile with 1 
(rarely 2) polar or lateral flagellum. 
Gram-positive. 

Gelatin: Liquefaction. 

Loeffler’s blood-serum: Liquefaction. 

Beef-extract agar colonies: Round, 
slightly convex, 0.1 to 1.0 min in di¬ 
ameter, edges entire, smooth, non-viscid, 
colorless and almost transparent. 

Potato glucose agar slants: Moderate 
growth, filiform, glistening, non-viscid, 
salmon to flesh color. 

Beef -extract broth: T urbid in 24 hours, 
abundant pale salmon sediment. No 
pellicle. 

Milk: .Slight acidity but no other 
visible change for 2 weeks, then a soft 
curd, reduction of litmus, and complete 
peptonization. 

Indole not produced. 

Nitrites not produced from nitrates. 

Hydrogen sulfide not formed. 

Sodium hippurate not hydrolyzed. 

Asparagine not utilized as carbon- 
nitrogen source. Uric acid not utilized; 
urea not hydrolyzed. 

No lipolytic activity. 

Voges-Proskauer test negative. 
Methyl red test negative. 

Moderate to abundant acid, but no 
gas, from glucose, fructose, mannose, 
galactose, sucrose, maltose, cellobiose, 
melibiose, raffinose, glycerol, erythritol, 
salicin and amygdalin; weak acid from 
arabinose, xylose, lactose, trehalose, dex¬ 
trin and adonitol; no acid from rhamnose, 
fucose, inulin, glycogen, mannitol, dulci- 
tol, sorbitol and inositol. 

Starch hydrolyzed. 

No action on cellulose. 

Tellurite reduced. 

Aerobic. 

Growth occurs after 24 hours from 15®C 
to 36®C: after 48 hours from 7®C to 12®C. 
No growth above 36®C or below 7°C at 
the end of a week. 

Source: Fourteen cultures isolated 
from diseased stems of poinsettia, 
Euphorbia pulchertima. 

Habitat; Causes a canker of stems and 
spots on leaves of the poinsettia. 
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4. Corynebacterium tritici (Hutchin¬ 
son) comb. nov. {Pseudomonas tritici 
Hutchinson, India Dept, of Agr., Bact. 
Ser., /, 1017, 174; Phylomonas tritici 
Bergey et al., Manual, 3rd ed., 1930, 248; 
Bacterium tritici Elliott, Bacterial Plant 
Pathogens, 1930, 234.) From Latin triii- 
cum, wheat; M. L., from the genus 
Triticum. 

Hods: 0.8 by 2.4 to 3.2 microns. Motile 
with a polar flagellum. Gram-positive. 

Gelatin: No liquefaction. 

Agar colonies; Bright yellow becoming 
orange, glistening, moist, margins entire. 
Agar brownish. 

Broth: Turbid. Thin pellicle. 

Milk: Vellow surface and yellow pre¬ 
cipitate. Little change. 

Nitrites produced from nitrates. 

No HjS produced. 

Acid but no gas from glucose and lac¬ 
tose. 

This species is very similar to and may 
be identical with Corynebacterium rathayi 
Dowson. 

Source: From slimy heads of wheat in 
India. 

Habitat: Pathogenic on wheat, Triti- 
cvm aestivum. 

* Appendix II: By the use of names 
or by the descriptions given, authors 
have indicated that the following are 
related to the species placed in Coryne¬ 
bacterium. Many are incompletely de¬ 
scribed and may be identical with other 
recognized species. 

Bacillus alcalifaciens Kurth. {Ba¬ 
cillus pseiidodiphlheriticus alcalifaciens 
Kurth, Ztschr. f. Hyg., £8, 1898, 429; 
ibid., 431.) From patients suspected of 
having diphtheria. 

Bacillus avium Miguia. (Bacillus de 
la diphthdrie aviaire, Loir and Ducloux, 
Ann. Inst. Past., 8, 1894, 599; Bacilhis 
diphtheriae avium Kruse, in Flugge, 
Die Mikroorganismen, 2 Aufl., 2, 1896, 


410; Bacterium diphtheriae avium (sic) 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 75; Miguia, Syst. d. 
Bakt., 2, 1900, 759.) Considered the 
cause of a diphtheria-like disease of 
birds in Tunis. Motile. Not now re¬ 
garded as belonging in Corynebacterium 
(Andrewes et al., Diphtheria, London, 
393). 

Bacillus clavatus Kruse and Pasquale. 
(Kruse and Pasquale, Ztschr. f. Hyg., 16, 
1894, 50 and 62; not Bacillus clavatus 
Miguia, Syst. d. Bakt., 2, 1900, 597.) 
From the heart blood, kidney, etc., dur¬ 
ing autopsy of a person who died with 
liver abscesses following Egyptian 
dysentery. This is a pseudodiptheroid 
(Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 477) but is confused by 
Eberson (Jour. Inf. Dis., 23, 1918, 5) 
and Thomson and Thomson (Ann. Pickett 
Thomson Res. I^ab., 2, 1926, 65) with 
anaerobic Bacillus No. Ill, a spore former 
isolated by Flugge (Ztschr. f. Hyg., /7, 
1894, 290) from boiled milk and named 
Bacillus clavatus by Miguia {loc. cit-) 
in 1900. 

Bacillus crassus Lipschutz. (Lip- 
schutz, Bakt. Grundriss und Atlas der 
Geschlechtekrankheiten, Leipzig, 1913, 
64; Plocamobacterium crassum Lowi, 
Wiener klin. Wchnschr., SS, 1920, 733; 
not Plocamobacterium vaginae Lehmann, 
in Lehmann and Neumann, Bakt. Diag-, 

7 Aufl., 2, 1927, 510.) This is the abun¬ 
dant Gram-positive bacillus found in 
ulcus vulvae acutum. It is the type 
species (monotypy) of the genus Pl^‘ 
camo6rtc/erjj/m Lowi {loc. cit.)- Accor 
ing to L6wi this organism liquefies coagu¬ 
lated blood serum and Lipschutz (Cent, 
f. Bakt., I Abt., Orig., 88, 1922,5) reports 
that, unlike lactobacilli, this organism 
will grow on protein media without t e 
addition of sugar. Presumably therefor® 
it is not a lactobacillus and is not identi 
cal with Doederlein’s bacillus as claimed 


* Prepared by Dr. R. F. Brooks, New York State Experiment Station, Geneva, 6^ 
York, September, 1938; further revision by Prof. Robert S. Breed, New ^ork Sta e 
Experiment Station, Geneva, New York, March, 1945. 
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by Lehinann {loc. cit.) It may belong 
in Corynebacierium. See Bacillus ra- 
ginae Kruse. 

Bacillus diphtheriae vitulorum Fliigge. 
(Bacillus der diphtherie beim Kalbe, 
LOffler, Mitt. a. d. kais. Gesundheit- 
samte, 2, 1S84, 421; Fliigge, Die Mikro- 
organismen, 2 Aufl., 1886, 265.) From a 
disease of calves. 

Bacillus diphtheroides Klein. (Cent, 
f. Bakt., I Abt., £8, 1900, 418.) From 
bovine mastitis. Presumably identical 
with Corynebacierium pyogenes according 
to Eberson (Jour. Inf. Dis.,:?3, 1918, 6). 

Bacillus endocarditis griseus Weichsel- 
baum. (Weichselbaum, Beitrage z. path. 
Anat. u. allgem. Path., 4t 1887, 119.) 
From a case of endocarditis. A motile 
form. Regarded by Kruse (in Flugge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
433 and 479) as a diphtheroid. Because 
of its motility, it is not so regarded by 
Eberson (Jour. Inf. Dis., 23, 1913, 4). 

Bacillus pseudodiphlheriticus acidurn 
aciens Kurth. (Ztschr. f. Hyg., 28, 
1898, 431.) From patients suspected of 
having diphtheria. 

Bacillus pseudodiphlheriticus gazo¬ 
genes Jacobsen. (Ann. Inst. Past., 22, 
1908, 308.) From feces. Reported to 
be a vigorous gas former. Eberson (Jour. 
Inf. Dis., 23, 1918, 9) thinks this was an 
impure culture. 

Bacillus septatus Gelpke. (Gelpke, in 
V. Graefe, Arch f. Opthal., 43, 1896, No. 4; 
Bacterium seplatum Gelpke, Arb. bakt. 
Inst. Karlsruhe, 2, Heft 2, 1898, 73.) 
From acute epidemic catarrh. Presum¬ 
ably Identical with Corynebacierium 
xerose according to Eberson (Joiir. Inf. 
Us., 23, 1918,3). 

Bacillus variabilis lymphae vaccinalis 
Nakanishi. (Nakanishi, Cent. f. Bakt., 
I Abt., Orig., 27, 1900, Ml;Corynethrix 
bovis Czaplewski, Deutsche med. 
Wchnschr., 26, 1900, 723.) From calf 
vaccine lymph. The organisms listed 
here as Corynebacierium lymphae vac- 
cinalis, Corynebacierium vaccinae and 
Bacillus variabilis lymphae vaccinalis 
are probably identical. 


Bacillus xerosis variolac Klein. 
(Rept. Local Gov. Board, I.ondon, 20, 
1890, 219, quoted from Tliomson aiid 
Thomson, Ann. Pickelt-Thomson Res. 
Lab., 2, 1926, 121.) From vaccine pus¬ 
tules. 

Bacterium acnes Migula. (Bacillus 
der Akne contagiosa des Pfcrdcs, Dieck- 
erhofl, Grawitz, Arch. f. patliol. Anat. u. 
Physiol., W2, 1886,148; Bacillus graivilzii 
Trevisan, 1 generi e le specie delle Bat- 
teriacee, 1889, 13; Bacillus acnes-con- 
lagiosae Kruse, in Fliigge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 445; Migula, 
Syst. d. Bakt., 2, 1900, 3S5; Bacterium 
grawiliiiChester, Manual Determ. Bact., 
1901, 154.) From pus and scabs of pus¬ 
tules in acne-contagiosa in horses. 

Bacteriinn candidus Galli-V^alerio. 
(Cent. f. Bakt., I Abt., Orig., 36, 1904, 
465.) From infected leg, but not con¬ 
sidered causative. 

Bacterium coelicolor Muller. (Muller, 
Cent. f. Bakt., I Abt., Orig., 40, 1908, 
195; Bacillus coelicolor Godfrin, Con¬ 
tribution I’fitude des bact6ries bleues 
et violettes, Thdse, Nancy, 1934.) Con¬ 
taminant on serum agar plate. 

Bacterium columbarum Migula. (Ba¬ 
cillus der diphtherie bei der Taube, 
Lbffler, Mitt. a. d. kais. Gesund- 
heitsamte, 2, 1884, 421; Bacillus diph- 
Iheriae columbarum Flugge, Die 
Mikroorganismen, 2 Aufl., 1886, 263; 
Bacillus diphtheriae-columbarum Trevi¬ 
san, I generi c le specie delle Batteriacee, 
1889, 13: Bacterium diphtheriae colum¬ 
barum Cliester, Ann. Rept. Del. Col. 
Agr. Exp. Sta.. 9, 1897, 84; Migula, Syst. 
d. Bakt., 2, 1900, 381; not Bacterium 
columbarum Chester, Manual Determ. 
Bact., 1901, 141; Bacterium diphtheriae 
Chester, Man. Determ. Bact., 1901, 141; 
not Baclertum diphtheriae Migula, Syst. 
d. Bakt., 2, 1900, 499.) Associated with 
diphtheria in pigeons. Andrewes ct al. 
(Diphtheria, London, 1923, 393) state 
that this organism does not belong in 
Corynehaclerium . 

Bacterium muris Klein. (Cent. f. 
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Bakt., I Abt., Orig., 33, 1902, 488; 
Bacillus rnuris Mellon, Jour. Bact., 
1917, 305.) Causative agent of hepatized 
lung in white rat. 

Bacterium pseudopesiis murium Galli- 
Valcrio. (Cent. f. Bakt., I Abt., Orig., 
68, 1913, 1S8.) Causative agent of thy¬ 
roid infection in rats. Gram-negative. 

Bacterium ribberli Migula. (Bacillus 
der Darmdiphtherie dcs ICaninchens, 
Ribbert, Deutsch. med. Wochnschr., 13, 
1887, 141; Bacillus diphtherias cuniculi 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 412; Bacterium diph¬ 
therias cujiiculi Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 84; Migula, 
Syst. d. Bakt., 2, 1900, 369; Bacterium 
cuniculi Chester, Man. Dcterrn. Bact., 
1901, 141.) Associated with adiphthcr- 
itic inflammation of the intestines in 
rabbits. 

Coccobacillus diphthcroides Manteufel. 
(Diphtheroid bacilli, Collis, Sheldon and 
Hill, Quart. Jour. Med., Ser. 2, /, 1932, 
511; Kokkobacillus diphlheroides Ber¬ 
trand, Med. Welt, 8, 1934, 150; Manteu¬ 
fel, Cent. f. Bakt., I Abt., Orig., 138, 
1937, 308.) From polyarthritis. 

Comma variabile Heurlin. (Heurlin, 
Bakt. Unters. d. Keimgehaltes im Geni- 
talkanale d. fiebernden Wochnerinnen. 
Helsingfors, 1910, 145.) From genital 
canal. 

Conjnehacterium acidum Eberson. 
{Bacillus diphlheroides brevis Graham- 
Smith, Jour. Hyg., 4,1904, 258; Eberson, 
Jour. Inf. Dis., 23, 1918, 9.) From 
large abscess in mouth and ear. 

Corynebacterium adamsoni Prdvot. 
(Bacillus D, Adamson, Jour. Path, and 
Bact., 22, 1919,350 and 392; Prevot, Ann. 
Inst. Past., 60, 1938, 304.) From in¬ 
fected war wounds. 

Corynebacterium album Belenky and 
Popova. (Cent. f. Bakt., I Abt., Orig., 
118, 1930, 444.) From normal skin of 
calves and small-pox vaccine. 

Corynehaclerium anaerohium Prdvot. 
{Bacillus anaerobius diphlheroides 
Massini, Ztsebr. f. gesammte exper. 


Med., 2, 1913, 81; Pr6vot, Ann. Inst. 
Past., 60, 1938, 304.) From a complicated 
case of otitis media. 

Corynebacterium annamensis Haudu- 
roy et al. (Gillon, Thdse pour le Doc- 
torat Vet6rinaire, ficole Nationale Vet6r- 
inaire de Toulouse, France, 1930; 
Hauduroy et al.. Diet. d. Bact. Path., 
Paris, 1937, 145.) Causative agent of a 
toxic abdominal infection of sheep in 
Annam, French Indo-China. 

Corynebacterium arthritidis muris 
Fischl, Koech and Kussat. (Ztschr. f. 
Hyg., 112, 1931, 421; Corynebacterium 
arthritidis-muris Hauduroy et al., Diet, 
d. Bact. Path., 1937, 147.) Causative 
agent of infected ankle joint in white 
mouse. 

Corynebacterium ascitis Eberson. 
(Jour. Inf. Dis., 23, 1918, 16.) From 
ascitic fluid. 

Corynebacterium aurantiacum Eberson. 
(Jour. Inf. Dis., 23, 1918, 14.) Orange- 
red growth. From lymph nodes; one 
culture from gland in Hodgkin's disease 
but not specific for the disease. 

Corynebacterium auris (Graham* 
Smith) 'Eberson.{Bacillus auris Graham- 
Smith, Jour. Hyg., 4, 1904, 258; Eberson, 
Jour. Inf. Dis., 23, 1918, 8.) Indole i3 
formed. From pus of ears of scar e 

fever patients. . 

Corynebacterium avidum (Egger 
Pr6vot. {Bacteroides avidus Eggert » 
Jour. Bact., 30, 1935, 289; Prfivot, Ann. 
Inst. Past., 60, 1938, 304.) FonM 
in some media. From the human in w 
tine. Pederson (Jour. Bact., ' 

478) secured a culture of this 
from Eggerth, and found that it ® 
mented glucose with the production ® 
higher fatty (presumably butyric) 
and lactic acid. The species s ® 

probably be placed in Butyribaciertu 

Barker. riflaer. 

Corynebacterium blaitellae , 

(Jour. Exp. Med., 5f, 1930,907.) ® jj 

in the fat body of the German 

{Blatiella germanica). -j. 

plete description see Manual, o 

1939, 978. 
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Corynehacierium brttneum Kisskalt and 
Berend. {Bacterium hruneum y ar- 
horescenSy quoted from Kisskalt and 
Berend, Cent. f. Bakt., I Abt., Orig., 
81 y 1918,446; Kisskalt and Berend, idem.) 
Source not given. 

Corynehacierium ccrebralis Ebcrson. 
(Jour. Inf. Dis., 23, 1918, 17.) From 
the brain in a case of meningitis. 

Corynebacterium ceruminis (Graham- 
Smith) Eberson. {Bacillus ceruminis 
Graham-Smith, Jour. Hyg., 4, 1904, 258; 
Eberson, Jour. Inf. Dis., 23, 1918, 8.) 
Indole is not formed. From normal and 
scarlet fever-infected ears. 

Corynebacterium commune Martin. 
(Compt. rend. Soc. Biol., Paris, 81, 1918, 
991 and 998.) From the pharynx. 

Corynebacterium cremoides (Lehmann 
and Neumann) Jensen. {Bacterium cre- 
moides Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 2, 1896, 253; Jensen, Proc. 
Linn. Soc. New So. Wales, 59, 1934, 40.) 
From tapwater, Wurzburg. Lehmann 
and Neumann recognize this species as a 
Corynebacterium in the seventh edition 
of their determinative bacteriology 
(Bakt. Diag., 7 Aufl., 2, 1927, 710) but 
do not use the binomial Corynebacterium 
cremoides except in the index, page 848. 
Jensen has reisolated this organism from 
soil in Australia. Bacterium cocciforme 
Migula (Kultur No. 2, Severin, Cent. f. 
Bakt., II Abt., 1, 1895, 160; Migula, 
Syst. d. Bakt., 2, 1900, 439) from manure 
is regarded by Jensen {loc. cit.) as 
closely related to this species. 

Corynebacterium cuculi (Graham- 
Smith) Bergey et al. {Bacillus cuculi 
Graham-Smith, Jour, of Hyg., 4, 1904, 
315; Bergey et al.. Manual, 1st ed., 1923, 
387.) From the throat of a cuckoo. For 
a more complete description see Manual, 
6 th ed., 1939, 802. 

Corynebacterium cuniculi Hauduroy 
et al. {Bacillus ■pyogenes cuniculi Com- 
inotti, Clinica Veterinaria, 44, 1921, 45; 
Hauduroy ot al.. Diet. d. Bact. Path., 
1937, 147). Reported as Gram-variable 
by Cominotti, as Gram-negative by 


Hauduroy ct al. Causative agent of 
suppurative infection of rabbit. 

Corynebacterium cutis Hauduroy et 
al. {Bacillus cutis communis Nicolle, 
quoted from Costa, Troisscr and Dau- 
vaugne, Compt. rend. Soc. Biol., Paris, 
81, 1918, 1003; Bacillus cutis Costa, 
Troisser and Dauvaugne, ibid., 1004; 
Bacterium cutis commune Nicolle, quoted 
from Dcbr6 and Letulle, La Presse Med., 
27, 1919, 515; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 148). From normal 
skin and nasal passages. 

Corynebacterium delicatum Eberson. 
(Jour. Inf. Dis., 23, 1918, 16.) From 
ascitic fluid. Also from blood. 

Corynebacterium dermophilum (Rohde) 
Andrewes ct al. {Bacillus dermophilus 
Rohde, Munch, mod. Wchnschr., 68, 
1921, 234; .\ndrcwes, Bulloch, Douglas, 
Dreycr, Fildes, Ledingham and Wolf, 
Diphtheria, Ix)ndon, H. M. Stationery 
Office, 1923, 391.) From the skin. 

Corynebacterium diphlheroides Prevot. 
(Bacille diphtheroide, Jungano, Compt. 
rend. Soc. Biol., Paris, 61, 1909, 112; 
Pr6vot, .Ann. Inst. Past., 60, 1938, 304.) 
Forms gas in some media. From the 
intestines of white rats. 

Corynebacterium cpidermidis Eberson. 
(Jour. Inf. Dis., 23, 1918, 17.) From 
skin and pus pockets. Resembles Cory- 
nebacterium suppuralum Eberson. 

Corynebacterium flocculens Eberson. 
(Jour. Inf. Dis., 23, 1918, 17.) From a 
case of appendicitis. 

Corynebacterium gallinarum Bergey 
et al. {Bacillus diphtheroides galli¬ 
narum Graham-Smith, Jour, of Hyg., 4, 
1904, 314; Bergey et al., Manual, 1st ed., 
1923,387.) From the throats of chickens. 
For a more complete description see 
Manual, 5th ed., 1939, 802. 

Corynebacterium glandulae Eberson. 
(Jour. Inf. Dis., 23, 1918, 14.) From 
lymph glands in Hodgkin’s disease but 
not specific for the disease. 

Corynebacterium granulomalis maligni 
de Negri and Mieremet. (Cent. f. Bakt., 
I Abt., Orig., 68, 1913 , 292.) Causative 
agent of human malignant granuloma. 
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Corynebacierium granulosum Pr6vot. 
(Hacille granuleux, Jungano, Compt. 
road. Soc. Biol., Paris, 66, 1909, 123; 
Pr^vot, Ann. Inst. Past., 60, 1938, 304.) 
Prom the intestines of white rats. 

Coryncbactcnum hepaiodystrophicans 
(Kuczinski) Pr^vot. {Bacillus hepato- 
dystrophicans Kuczinski, Der Erreger 
des Gelbfiebers-Wesen und VVirkung, 
Monographie, 1929, Berlin; Prdvot, Ann. 
Inst. Past., 60, 1938, 304.) Mantcufel 
(Cent. f. Bakt., I Abt., Orig., 138, 1937, 
309) regards this species as identical with 
Bacillns renale (cuniculi) Manteufel and 
Herzberg. Common in the organs of 
monkeys infected with yellow fever virus. 

Corynebacierium hodgkinii Bunting and 
Vates. (Bunting and Yates, Arch. In¬ 
ternal Med., 12, 1913,236; Johns Hopkins 
Hosp. Bull., 2S, 1914, 173; Bacillus 
hodgkini Mellon, Jour. Bact., 2, 1917, 
271; Fusiformis hodgkini Holland, Jour. 
Bact., S, 1920, 223.) From lymph glands 
in Hodgkin’s disease. Not pathogenic. 
Tliought by Fox (Jour. Med. Res., 32, 
1915, 309) and Eberson (Jour. Inf. Dis., 
23, 1918, 11) not to represent a definite 
species. Eberson recognized four separ¬ 
ate species isolated from human lymph 
glands, three being from glands in Hodg¬ 
kin’s disease (Conjnebacleriufn aurantia- 
cum, C. pseudodipklheriae, C. glandulae 
and C. lymphophilum). 

Corynebacierium liquefaciens Pr^vot. 
{Bacillus parvus liquefaciens Jungano, 
Compt. rend. Soc. Biol., Paris, 65, 1908, 
618; Pr5vot, Ann. Inst. Past., 60, 1938, 
304; not Corynebacierium liquefaciens 
Andrewes et al., Diphtheria, London, 
1923, 408; not Corynebacleritim lique¬ 
faciens Jensen, Proc. Linn. Soc. New So. 
Wales, 69, 1934, 49.) From human in¬ 
testine. 

Corynebacierium liquefaciens Andrewes 
et al. {Bacillus diphlheroides liquefa¬ 
ciens Graham-Smith, Jour. Hyg., 4, 1904, 
258; Bacillus liquefaciens Mellon, Jour. 
Bact., 2, 1917, 290; Andrewes, Bulloch, 
Douglas, Dreyer, Fildes, Ledingham, 
and Wolf, Diphtheria, London, 1923, 
408.) Frommouthof a patient. Motile. 


Corynebacierium lymphae vaccinalis 
Levy and Fickler. (Deutsch. med. 
Wchnschr., 26, 1900, 418; Corynebacie¬ 
rium pyogenes Lewandowsky, Cent. f. 
Bakt., I Abt., Orig., 36, 1904,473.) From 
animal lymph. 

Corynebacierium lymphophilum (Tor- 
rey) Eberson. {Bacillus lymphophilus 
Torrey, Jour. Med. Res., 34, 1916, 79; 
Eberson, Jour. Inf. Dis., 23, 1918, 23.) 
Anaerobic. From lymph glands in Hodg¬ 
kin’s disease, but not specific for the 
disease. 

Corynebacierium maculaium (Graham- 
Smith) Ford. {Bacillus maculalus 
Graham-Smith, Jour. Hyg., 4, 1904 , 258; 
Ford, Textb. Bact., 1927, 277.) From 
throat. Regarded as a Corynebacierium 
by Eberson (Jour. Inf. Dis., 23, 1918, 7). 

Corynebacierium melrilis Hauduroy et 
al. (Souckin, Sovetskaia Veter., No. 11, 
1934; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 156.) Causative agent of 


metritis in rabbit. 

Corynebacierium millinum Kisskolt. 
(Quoted from Kisskalt and Berend, 
Cent. f. Bakt., I Abt., Orig., 81, 1918, 
446). Source not given. 

Corynebacierium nodosum (Migula) 
Eberson. {Bacillus nodosus parvus 
Lustgarten-Mannaberg, Vicrteljahr- 
schrift f. Dermatol, u. Syphilis, 1887, 
914; Baclerium nodosum Migula, Syst. d. 
Bakt., 2, 1900, 416; Eberson, Jour. Inf. 
Dis., 23, 1918, 4.) Found in the normal 
human urethra. 

Corynebacierium nu6*7um (Fmnkland 
and Frankland) Jensen. {Bacillus nu- 
bilus Frankland and Frankland, Ztschr. 
f. Hyg., 6, 1889, 386; Bacterium 
Lehmann and Neumann, Bakt. Diag.> 
Aufi., 2, 1896, 255; Ckromobaclerium nu¬ 
bile Ford, Textb. of Bact., 1927, 472; 
Flavobacterium nubilum, incorrectly n®' 
cribed to Bergey, by Jensen, Proc. Linn. 
Soc. New So. Wales, 69, 1934, 44; Jensen, 
idem.) From water and soil. The i^n 
tity of this species is doubtful. ® 
original description by the Franklan 
is incomplete. Zimmerman (Bakt. un- 
serer Trink- u. Nutzwfisser, Cheiiiiut*» » 
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1890 , 28) thought he found the same or¬ 
ganism and described it as Gram-nega¬ 
tive. Lehmann and Neumann (Bakt. 
Diag., 1 Aufl., 2, 1896, 255) who studied 
one of Zimmermann’s cultures reported 
this culture as Gram-positive and non- 
motile, while the Franldands and Zim- 
mermann speak of an active, circular 
motility of the very slender rods. Leh¬ 
mann and Neumann later (Bakt. Diag., 

7 Aufl., 2, 1927, 710) list their Bacterium 
nubilum (with other Gram-positive, non- 
motile rods) as a possible Corynebacte- 
rium. Jensen failed to find anything 
that exactly corresponded to any of these 
descriptions but describes a small, 
Gram-positive, poorly-growing, pink to 
red, slow gelatin-liquefying rod which he 
says has little in common with coryne- 
bacteria as a new variety Corynebacte- 
rium nubilum var. nanum. Because the 
early cultures developed rhizoid growths 
in stiff gelatin before liquefaction, Zim- 
mermann originally planned to call this 
species Bacillus nebulosus {loc. cit., 29), 
a name that has been used by later au¬ 
thors for several different organisms. 
Attention should be called also to Bacil¬ 
lus caudatus Wright, an organism which 
Conn found to show occasional motility 
(polar) and named Pseudomonas cauda- 
datus. This common, slender, gelatin- 
liquefying, Gram-negative, white to yel¬ 
low chromogenic rod is much like the 
Franklands* and Zimmermann’s organ¬ 
ism (see Conn, New York State Exp. 
Sta. Tech. Bull. 67, 1919, 38). 

Corynebacterium paralyticans (Robert¬ 
son) Ford.(Baci7iu8 paralyticans Robert¬ 
son, Rev. Neurol, and Psychiat., 
Edinburgh, /, 1903, 470; Ford, Textb. 
of Bact., 1927, 281.) From cerebro¬ 
spinal fluid. A diphtheroid. Thought 
at one time to be the causal agent of 
general paralysis. 

Corynebacterium parvum Pr6vot. 
{Corynebacterium parvum infectiosum 
Mayer, Cent. f. Bakt., I Abt., Grig., 98, 
1926, 370; Pr^vot, Man. de Class, et 
D6term. des Bact4ries Ana^robies, Mono* 


graphic, Inst. Past., Paris, 1940, 202.) 
From blood in a post-natal fever. 

Corynebacterium pcriplanclac Bcrgey 
et al. {Corynebacterium periplanetac 
var. americana Glaser, Jour. Exp. Med., 
5/, 1930, 59; Bergey et al., Manual, 4th 
ed., 1934, 550.) Found in the fat body 
of the American cockroach {Pcriplaneta 
americana). For a more complete de¬ 
scription see Manual, 5th ed., 1939, 798. 

Corynebacterium pluwosinn (Fox) 
Ford. {Mycobacterium plumosujn Fox, 
Cent. f. Bakt., I Abt., Orig., 70, 1913, 
148; Ford, Textb. Bact., 1927, 281.) 
From blood of patient with chronic endo¬ 
carditis. 

Corynebaclerium pseudodiphtheriae 
Eberson. (Jour. Inf. Dis., 23, 1918, 14.) 
Hemoglobinophilic. From tonsils. 

Corynebacterium putidum Eberson. 
{Bacillus diphtheroides liqucjaciens 
Graliam-Smith, Jour. Hyg., 4, 1904, 258; 
Eberson, Jour. Inf. Dis., 23, 1918, 16.) 
From mouth. Cultures described by 
Graham-Smith liquefied gelatin and were 
sluggishly motile. 

Corynebacterium pyogenes hovis (Roux) 
Prdvot. {Bacillus pyogenes bovis Roux, 
Cent. f. Bakt., I Abt., Orig.,34,1905, 541; 
Eubacterium pyogenes bovis Pr<5vot, Ann. 
Inst. Past., 60, 1938, 295; Pr6vot, Man. 
de Class, et D^term. des Bactdrics Anadr- 
obies, Monographie, Inst. Past., Paris, 
1940, 204.) Common in bovine suppura¬ 
tions. Said by Roux to be identical with 
Bacillus pyogenes bovis Kunnemann. 
Prdvot says it is probably identical with 
the pyogenic Corynebacterium of Lucet. 
See Corynebacterium pyogenes Eberson. 

Corynebaclerium renale cuniculi 
Prdvot. {Bacterium renale and Bacte¬ 
rium renale {cuniculi) Manteufel and 
Herzberg, Cent. f. Bakt., I Abt., Orig., 
116, 1930, 266; Bacillus renale and 
Bacillus renale {cuniculi) Manteufel, 
ibid., 1S8, 1937, 306; Prdvot, Ann. Inst. 
Past., 60, 1938, 304.) Gram-variable. 
Forms gas in some media. From rabbit 
kidneys. 

Corynebacterium ruedigeri (Mellon) 
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Ford. (Virulent pseudodiphtheria bacil¬ 
lus, Hamilton, Jour. Inf. Dis., f, 1904, 
711; Ruediger’s bacillus, Mellon, Jour. 
Bact., 2, 1917, 2S5; Bacillus ruedigeri 
Mellon, ibid., 290; Ford, Textb. Bact., 
1927, 274.) From throats of fatal cases 
of scarlatina. 

Corynebacierium segmenlosum Eber- 
son. {Bacillus coryzae segmentosus 
Cautley, Kept. Med. Officer of Health, 
Local Govt. Board, London, 1894-95, 
455; Bacillus septus Benham, Brit. Med. 
Jour., /, 1906, 1023; Eberson, Jour, Inf. 
Dis., 23, 1918, 17; Bacillus segmentosus 
Holland, Jour. Bact., 5, 1920, 220.) 
Rods of variable dimensions, mostly re¬ 
sembling Corynebacierium pseudodiph- 
iheriticum Lehmann and Neumann, but 
occasionally resembling Corynebacierium 
diphtheriae Lehmann and Neumann. 
Thomson and Thomson (Ann. Pickett- 
Thomson Res. Lab., 2, 1926, 65) do not 
think Cautley’s bacillus is recognizable. 
From nasal secretions. 

Corynebacierium squamosum Belenky 
and Popova. (Cent. f. Bakt., I Abt., Orig., 
118, 1930, 444.) From normal skin of 
calves and small-pox vaccine. Non¬ 
hemolytic. 

Corynebacierium slrialum (Chester) 
Eberson. {Bacillus striatus flavus and 
Bacillus striatus albus von Besser, Beitr. 
z. path. Anat. u. Path., 6, 1S88, 349; Bac¬ 
terium striatus Jlavus Chester, Ann. 
Rept. Del. Col. Agr. E.xp. Sta., 9, 1897, 
111 ; Bacterium striatum Chester, Man. 
Determ. Bact., 1901, 171; Bacillus 
flavidus Morse, Jour. Inf. Dis., 11, 1912, 
281; Corynebacierium flavidum Holland, 
Jour. Bact., 5, 1920, 218; Eberson, Jour. 
Inf. Dis., 1918,5.) Eberson {loc.cit., 
7) states that Bacillus diphtheroides 
citreus Graham-Smith (Jour, Hyg., 4, 
1904, 258) corresponds with the yellow 
variety of this species. From nasal 
mucus. Resembles Corynebacierium seg- 
mentosum. 

Corynebacierium suis Hauduroy et al. 
(Le bacille pyogenes suis, Colin and 
Rossi, Revue g^n. de M6d. vetdr., 40, 
1931,137; Hauduroy et al., Diet. d. Bact. 


Path., 1937, 167). Causative agent of 
caseous suppuration of swine. Gram- 
negative. 

Corynebacierium suppuratum Eberson. 
(Jour. Inf. Dis., 23, 1918, 17.) From 
anal pus pocket. Resembles Corynebac- 
terium epidermidis Eberson. 

Corynebacierium thermophilus Zavagli. 
(Amer. Jour. Hyg., 15, 1932,504.) From 
raw and pasteurized milk. Grows better 
at 55°C than at 37‘’C. 

Corynebacierium typki Topley and 
Wilson. {Bacillus typhiexanthematici 
Plotz, Jour. Amer. Med. Assoc., 62, 1913, 
1556; La Presse M^d., 4S, 1914,411; Plotz, 
Olitsky and Baehr, Jour. Inf. Dis., 17, 
1915,17; not Bacillus typhi exanthemalici 
Klebs, Proc. Internat. Med. Cong., /, 
1881, 323; Corynebacierium typhi-exan- 
Ihematici Eberson, Jour. Inf. Dis., 23, 
1918, 19; Bacterium typhi-exanthemalici 
Holland, Jour. Bact., 5, 1920, 222; Fusi- 
formis typhi-exanthematici Holland, ibid., 
221; Topley and Wilson, Prin. of Bact. 
and Immun., 2nd ed., 1936, 349; Eubacte- 
rium typhi-exanlhemalici Pr(5vot, Ann. 
Inst. Past., 60, 1938, 295.) From blood 
of typhus fever patients. 

Corynebacierium vlcerogenes Bergey 
et al. {Conjnebacterium diphtkertae ul- 
cerogenes cutaneum Mrongovius, Cent, f- 
Bakt., I Abt., Orig., 112, 1929, 51; 
Bergey et al.. Manual, 4th ed., 1934,550.) 
From ulcerations of the skin (human). 
Resembles Corynebacierium epidermidis 
Pffierson and C. suppuratum Eberson. 
Corynebacierium vaccinae Galli-Valerio. 

(Cent. f. Bakt., I Abt., Orig., 36, IIMM^ 
465.) From vaccine pustules in calves. 

Corxjnebacterium xerosis cams 
(Graham-Smith) Ford. {Bacillus xero¬ 
sis canis Graham-Smith, Jour. Hyg > 
1904, 258; Ford, Textb. Bact., 1927, 271.) 
From conjunctival sacs of dogs. 

Corynethrix hominis, C. equi, C. 

C. anatis, etc. Czaplewski. (Deutsche 

med. Wchnschr., 26, 1900, 723.) Hypo¬ 
thetical species from the skin of t e 
animals indicated. 

Corynethrix pseudoluberculosis 

Bongert. (Ztschr. f. Hyg., 67t l^lo i 
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472.) From a multiple, necrotic, case¬ 
ous pneumonia of mice inoculated vvith 
material from equine pneumonia. Re¬ 
garded by the author as distinct from 
Bacillus pseudotuberculosis murium 
Kutscher. Placed in the genus Coryne- 
thrix Czaplewski (Deutsche med. 
Wchnschr., 26, 1900, 723). 

Lactobacillus meleagridis Johnson and 
Pollard. (Diplo-bacillus Pi, Johnson and 
-Vndorson, Jour. Inf. Dis., 58, 1936, 340; 
Johnson and Pollard, Jour. Inf. Dis., 
66, 1940, 196.) From heart, liver and 
yolk of moribund turkey poults. Pre¬ 
sumably a Conjnebacterium, not a true 
Lactobacillus. 

Finer sporogenen Pseudo-Diphtherie- 
bazillus, De Simoni. (Cent. f. Bakt., 
I Abt., Orig., 34y 1898, 294.) From nasal 
secretion in ozena. Produced spores 
only in milk and on potato. Thought by 
Eberson (Jour. Inf. Dis., 23, 1918, 6) to 
liave been a contaminated culture. 

Organism in M. H., De Witt. (Jour. 
Inf. Dis., 10, 1912, 40.) A motile, gas- 
producing diphtheroid isolated from a 
generalized diphtheria-like infection. 

Appendix III:* The relationships of 
the following soil organism are not clear, 
but it apparently should be placed either 
in Corynehaclerium or in a related genus 
(e.g., Mycobacterium). On agar it is rod¬ 
shaped and generally Gram-negative in 
young cultures, but coccoid and Gram- 
positive in old cultures, a conditio i 
noted by Mellon (Jour. Bact., 2, 1917, 
278) in connection with Corynehaclerium 
enzymicum. Something similar is noted 
by Jensen (Proc. Linn. Soc. New So. 
Wales, 59, 1934, 29-62) in his description 
of Corynehaclerium helvolum. Krassil- 
nikov, on the other hand (Cent. f. Bakt., 
II Abt., 90, 1934, 432), suggests that this 
species really belongs to Mycobacterium, 
and, after seeing a culture furnished him 
by Conn, has become all the more con¬ 
vinced of this relationship (personal 
correspondence). 


Krassilnikov’s studies indicate that 
there is a group of soil bacteria that grow 
as rods in young cultures with a tendency 
to produce branching forms in liquid 
media and develop coccoid bodies as 
they grow older. The latter then even 
divide and multiply like cocci. He con¬ 
siders that practically all so-called mi¬ 
crococci found among soil cultures are 
really the older stages of Mycobaclerium 
spp. It is very clear that Jensen and 
Krassilnikov, the two leading students 
of the saprophytic members of this group 
found in soil, do not agree as to what 
constitutes the genus Mycobacterium; 
their papers appeared almost simultane¬ 
ously and clearly represent independ¬ 
ent work. Krassilnikov’s description 
of this genus comes closest to covering 
organisms like the following of any 
of the descriptions in the literature, but 
it is quite different from Jensen’s idea 
of the genus. In fact, the descriptions 
given by the former author seem to be 
more like Jensen’s conception of the 
genus Corynebacterium. Jensen, in his 
description, takes into account the rela¬ 
tive acid-fast staining properties of the 
groups; but Krassilnikov docs not men¬ 
tion either this property or the Gram 
stain. Inasmuch as the acid-fast prop¬ 
erty is regarded in the present classifica¬ 
tion as an important characteristic of 
Mycobacterium, the following species is 
included as an appendix, not of that 
genus, but of Corynebacterium. The re¬ 
lationships of these pleomorphic soil or¬ 
ganisms must be regarded as decidedly 
obscure. Lochhead (Can. Jour. Res., 
Sec. C, 16, 1938, 156) speaks of a Bac¬ 
terium globiforme group and Conn (Jour. 
Bact., 48,1945,359) has recently reported 
evidence in support of Lochhead’s view¬ 
point. In all probability this group is 
identical in whole or in part with Krassil¬ 
nikov’s Mycobacterium of soil, although 
the correctness of his choice of this 
generic name may be questioned. 


•Prepared by Prof. H. J. Conn, New York State Experiment Station, Geneva, 
New York, July, 1945. 
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Bacterium globiforme Conn. (Conn, 
X. Y. Agr. Exp. Sta. Tech. Bull. 138, 
192S and 172, 1930; Cent. f. Bakt., II 
Abt., 76, 1928, 77; Achromohacler globi¬ 
forme Bergey et al., Manual, 3rd ed., 
1930, 226.) From Latin, having the form 
of a globe or sphere. 

Short rods: 0.4 to 0.6 by 0.6 to 0.8 mi¬ 
cron, becoming coccoid in older cultures. 
In certain liquid synthetic media, 
branching forms with Gram-positive 
S{)herical granules are common. These 
granules have a tendency to be acid-fast. 
Non-motilc. Rods usually Gram-nega¬ 
tive; coccoid forms u.sually Gram-posi¬ 
tive. 

Gelatin colonics: Circular, punctiform. 

Gelatin stab: Slow crateriform lique¬ 
faction. 

Agar colonics: Circular, punctiform, 
translucent. 


Agar slant: Filiform, Oat, smooth, 
soft, translucent, glistening growth with 
translucent sheen. 

Broth: Slight growth. 

Nitrites produced from nitrates in 
synthetic agar media. 

Glucose, sucrose, mannitol, and less 
readily lactose and various organic acids 
are utilized as sources of carbon and 
energy when grown in synthetic media. 
No visible gas production, and probably 
no acid except carbonic acid. 

Nitrogen may be obtained from am¬ 
monium sulfate, asparagine, cystine, 
glycerol, aspartic acid, uric acid, tyro- 
sin, potassium nitrate, urea and peptone. 

Aerobic, facultative. 

Optimum temperature 22®C. 

Source: Seventy cultures isolated from 
soil. 

Habitat: Widely distributed in soil. 


Genus II. Listeria Pirie.* 

(Listerella Pirie, Publ. So. African Inst, for Med. Res., 3, 1927, 163; not Listerella 
Jahn, Ber. d. deutsch. Bot. Ges., 24, 1906, 538; not Listerella Cushman, Contr. Cush¬ 
man Lab. Foram., Sharon, Mass., 5, 1933, 32; Pirie, Science, 9i, 1940, 383.) Named 
for Joseph Lister, the English surgeon and bacteriologist. 

Small rods, Gram-positive. Flagellation peritrichous. Aerobic. Catalase posi¬ 
tive. Grow freely on ordinary media. Acid but no gas from glucose and a few ad¬ 
ditional carbohydrates. Pathogenic parasites. Infection characterized by a mono¬ 
cytosis. Parasitic on warm-blooded animals. 

The type species is Listeria monocytogenes (Nlurray et al.) Pirie. 


1. Listeria monocytogenes (Murray 
et al.) Pirie. {Bacterium monocyto¬ 
genes Murray, Webb and Swann, Jour. 
Path, and Bact., 29j 1926, 407; histerella 
hepatolytica Pirie, Publ. S. African Inst, 
for Med. Res., S, 1927, 164; Listerella 
monocytogenes Pirie, ibid.; Listerella 
monocytogenes hominis Nyfeldt, Folia 
Haematologica, 47, \^Z2 ',Corynehacierium 
parvulum Schultz, Terry, Brice and 
Gebhardt, Proc. Soc. Exp. Biol. Med., 
St, 1934, 1021; Pirie, Science, 9t, 1940, 
383; Bacillus monocytogenes Tobia, Arch, 
ital. med. colon., 23, 1942, 219; abst. in 
Cent, f. Bakt., I Abt., Ref., 144, 1943, 
199.) Derived from the Greek, meaning 
generating monocytes. 


Small rods: 0.4 to 0.5 by 0.5 to 2.0 
microns, with rounded ends, slightly 
curved in some culture media. Occur 
singly, in V-shaped or parallel pairs and 
in short chains. Motile, peritrichous 
(Paterson, Jour. Path, and Bact., 
1939, 25) with four flagella at ordinary 
temperatures with tendency 
non-motility or single flagellum at 37^ 
(Griffin, Jour. Bact., 48, 1944,114). 
acid-fast. Gram-positive. 

Gelatin: No liquefaction. Growth >3 

confined to the needle track. 

In 0.25 per cent agar, 8.0 per cent ge * 
tin, 1.0 per cent glucose semisolid 
dium, growth along the stab in 24 
at 37^C, followed by irregular cloudy^r 


* Revised by Prof. E. G. D. Murray, McGill Univ., Montreal, P. Q-» * 

September, 1938; further revision, January, 1945. 
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granular extensions into the medium; 
growth does not spread through the en¬ 
tire medium. This is characteristic 
(Seastone, Jour. Exp. Med., 62, 1935, 
203). 

Sheep liver extract agar colonies: Cir¬ 
cular, smooth, slightly flattened, trans¬ 
parent by transmitted and milk-white 
by reflected light. Viscid. 

Sheep liver extract agar slant: Con¬ 
fluent, flat, transparent, viscid growth. 

Peptone agar: Growth is thinner than 
on liver extract agar. 

Blood agar: Improved growth with 
zone of hemolysis around colonies. 

Peptone broth: Surface film with 
flocculent sediment. 

Litmus milk: Slightly acid, decolor¬ 
ized. No coagulation. 

Glycerol-potato: No apparent growth. 

Inspissated ox serum: Grows as a very 
thin, transparent film. 

Dorset’s egg medium: Very thin film. 

Indole not formed. 

Hydrogen sulfide not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose, rhamnose 
and salicin promptly, more slowly from 
dextrin, sucrose, soluble starch and 
glycerol. Acid production nmy be vari¬ 
able and slow from maltose and lactose. 
No action on arabinosc, galactose, xylose, 
mannitol, dulcitol, inulin and inositol. 

All cultures give off a penetrating, 
rather unpleasant acid smell. 

Aerobic, facultative. 

Optimum temperature 37®C. Ther¬ 
mal death point 58® to 59®C in 10 minutes. 

Animal inoculations: Injection of rab¬ 
bits with cultures results in a very 
marked increase in monocytes circulat¬ 
ing in the blood. This is the most strik¬ 
ing character of the organism and is 
exhibited by strains derived from all 
sources. Infection is characterized by 
necrotic foci in various organs. 

Serological characters: Agglutination 
and absorption of agglutinin reactions 
show a variation in degree with different 
strains but there is no definite indication 
that strains from different kinds of ani¬ 
mal hosts are different species. Pater¬ 


son (Jour. Path, and Bact., 67, 1940, 
427) concludes from his studies of the 
flagellar and somatic antigens of 51 
cultures that four types may be recog¬ 
nized in this species. These do not 
bear any relation to the host species 
or to the geographical area from which 
they were isolated. 

Possibly related to Erysipelothrix 
(Barber, Jour. Path, and Bact., 48, 
1939, 11). 

Habitat and source: Lesions in organs, 
blood, cerebrospinal fluid of rabbits, 
guinea pigs, sheep, cattle, foxes, hogs, 
fowls, gerbilles and man, in all of which 
natural disease occurs. Many cases 
have proved fatal. The cause of infec¬ 
tious mononucleosis in man (Nyfeldt, 
loc. Cll.). 

Appendix: The following binomials 
have also been proposed for species in 
this genus. 

Bacterium hepalis Iliilphers. (Sven. 
Vet.-Tidskrift, 2, 1911, 271.) From 

necrosis of the liver of a rabbit. Nyfeldt 
(Skand. Vet.-Tidskrift, SO, 1940, 28-1) re¬ 
gards this as a synonym of Listerella 
monocytogenes. However, failure to fer¬ 
ment lactose, rhamnose, sucrose and 
salicin with fermentation of xylose, and 
failure to infect guinea pigs and chick¬ 
ens indicate a possible difference between 
the two species. 

Listerella hibiscus liquefaciens Naka- 
hama. (Jour. Agr. Chem. Soc. Japan, 
16, 1940, 345.) From retted kenaf 
(Hibiscus). 

Listerella hominis, Listerella bovina, 
Listerella gallinarum, Listerella cunicula 
and Listerella gerbilli Wramby. (Skand. 
Vet.-Tidskrift, 34, 1944 , 280.) These 
names are given to indicate cultures of 
Listerella monocytogenes from man, cat¬ 
tle, chickens, rabbits and gerbilles, 
respectively. 

Listerella ovis Gill. (Australian Vet. 
Jour., IS, 1937, 47.) Causes circling 
disease of sheep. 

Burn (Jour. Bact., 30, 1935, 573) 
reports, but does not name, a new species 
in this genus. 
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Genus III. Eryslpelothrix Rosenbach.* 

(Ztschr.f. 1909,367.) From Greek erysipelas, a dheasc; and//irix,hair or 

thread. 

Rod-shaped organisms with a tendency to the formation of long filaments. The 
filaments may also thicken and show characteristic granules. Non-motilc. Gram- 
positive. Microaerophilic. Catalase negative. Grow freely on ordinary media. 
Acid but no gas from glucose and a few additional carbohydrates. Parasitic on mam¬ 
mals. 

The type species is Erysipelothrix rhusiopathiae (Migula) Winslow et al. 


1. Erysipelothrix rhusiopathiae 

(Migula) Winslow et al. (Bacillus des 
Schweinerotlaufs, Loeffler, Arb. a. d. k. 
Gesundheitsamte, 1, 1S86, 46; Bacillus 
Ihuillieri Trevisan, I generi e le specie 
delle Battcriacee, 1889, 13; Pasteurella 
thuillieri DeToni and Trevisan, in Sac- 
cardo, Sylloge Fungorum, 8, 1889, 995; 
Bacillus rhusiopathiae suis Kitt, Bak- 
terienkunde u. path. Mikroscopie, 1893, 
284; Bacterium erysipelatos suum (sic) 
Migula, in Engler and Prantl, Die na- 
tiirl. Pflanzenfam., 1, la, 1895, 24; 
Bacterium rhusiopathiae suis Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897,98; Bacterium rhusiopathiae Migula, 
Syst. d. Bakt., \QOO,4^\ Mycobacterium 
rhusiopathiae Chester, Man. Determ. 
Bact., 1901, 352; Erysipelothrix porci 
Rosenbach, Ztschr. f. Hyg., 6S, 1909, 
367; Winslow et al., Jour. Bact., 5, 1920, 
198; Bacillus erysipelatos-sids Holland, 
Jour. Bact., 5, 1920, 218; Erysipelothrix 
erysipelatos-suis Holland, ibid. Bacillus 
ruboris suis Neveu-Lemaire, Precis Para- 
sitol. Hum., 5th ed., 1921, 24; Nocardia 
thuillieri Vuillemin, Encyclopedic My- 
cologique, Paris, 2, 1931, 125; Actino¬ 
myces thuillieri Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4, 1934 , 45.) 
From Greek rhusius, reddish; pathus, a 
disease; red disease. 

Description taken in part from ICarl- 
son, Jour. Bact., 35, 1938, 205. 

Slender rods; 0.2 to 0.3 by 0.5 to 1.5 
microns, occurring singly and in chains. 
Non-motile. Gram-positive. 

Gelatin colonies; Hazy, bluish-gray, 


racemose; situated a little below the 
surface, growing slowly. 

Gelatin stab: Small, fimbriate colonies 
in the stab, at times definitely arbores¬ 
cent. No surface growth. No lique¬ 
faction. 

Agar slant: Scant growth, translucent, 
moist, homogeneous. 

Broth: Slight turbidity, with scant, 
grayish sediment. 

Litmus milk: May become slightly 
acid. 

Indole not formed. 

Potato: Usually no growth. 

Blood serum shows scant growth. 

No gas from carbohydrates. Acid 
from glucose, galactose, fructose, lactose 
and more slowly from mannose and cello- 
biose. No acid from arabinose, xylose, 
rhamnose, maltose, melibiose, sucrose, 
trehalose, raffinose, mclezitose, dextrin, 
starch, inulin, amygdalin, salicin. 
glycerol, erythritol, adonitol, manni¬ 
tol, sorbitol, dulcitol or inositol. 

Esculin not hydrolyzed. 

Hydrogen sulfide produced. 

Voges-Proskauer test negative. 

Methyl red test negative. 

Methylene blue-reduction test nega 

five. 

Narrow green zone of hemolysis o 
velops around deep colonies on bloo 
agar. 

Catalase negative. . . 

Out of 43 strains studied serologic^iy 

(Watts, Jour. Path, and Bact., 50, 

355), 38 appeared to be of one antigenic 

group, and 5 of another. 


• Revised by Prof. Robert S. Breed, New' York State Experiment Station, Augus , 
1938; further revision, January, 1945. 



FAMILY CORYNEBACTERIACEAE 


411 


Optimum pH 7.6. 

Microaerophilic. 

Optimum temperature 37®C. 

Source: From cases of swine erysipelas. 

Habitat: The cause of swine erysipelas. 
Transmissible to gray and white mice, 
rabbits and pigeons. Has been trans¬ 
mitted to man by accidental inoculation. 

2. Eryslpelothrix muriseptica (Fliigge) 
Rosenbach. (Bacillus der Miiusesepti- 
kamie, Koch, Mittheil. a. d. kaiserl. 
Gesundheitsamte, 7, 1881, 93; Bacillus 
insidiosus Trevisan, Car. di ale. nuov. 
gen. di Batter., 1885, 10; Bacillus muri- 
septicus Fliigge, Die Mikroorganismen, 
2 Aufl., 1886, 250; Bacillus jnurinus 
Schrocter, in Cohn, ICryptogamen Flora 
V. Schlesien, 5, 1886, 162; Bacterium 
murisepticum Migula, in Engler and 
Prantl, Die natiirl. Pflanzenfam., 1, la, 
1895, 24; Mycobacterium murisepticum 
Chester, Manual Determ. Bact., 1901, 
353; Rosenbach, Ztschr. f. Hyg.,63,1909, 
367; Pasteurella muriseptica Bergey et 
al., Manual, 1st ed., 1923 , 265; not 
Pasturella muriscp/ica Topley and Wil¬ 
son, Princip. Bact. and Immun., i, 1931, 
482.) From Latin mus, muris, a mouse; 
Greek septicus, putrefying, septic. 

Rods: 0.5 by 0.8 to 1.0 micron, occur¬ 
ring singly. Non-motile. Gram-posi¬ 
tive. 

Gelatin colonies: Very small, whitish, 
dew-like, with indefinite margin. 

Gelatin-stab: Filiform growth in stab, 
arborescent. No liquefaction. 

Agar slant: Very slight, clear, dew-like 
streak. 

Litmus milk: Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Microaerophilic. 

Optimum temperature 37®C. 

Source: From cases of mouse septi¬ 
cemia. 


Habitat: In fatal septicemia in white 
mice following injection of putrid meat 
infusion. Not infectious for field mice. 

3. Eryslpelothrix erysipeloidis (Leh¬ 
mann and Neumann) Rosenbach. 
(Cladothrix des Erythema migrans, Ros¬ 
enbach, Arch. klin. Chirurg., 36, 1887, 2; 
Oospora rosenhachi Sauvagais and Ra- 
dais, 1892, according to Bruinpt, Pr(5cis 
dc Parasit., Paris, 4th ed., 1927, 1201; 
Oospora erysipeloidis Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 
392; Streplotbrix rosenbachii Kruse in 
Flugge, Die Mikroorganismen, 3 Aufl., 
1896, 61; Actinomyces erysipeloidis 
Lachner-Sandoval, Ueber Strahlenpilzc 
Strassburg, 1898, 64; Discomyces rosen- 
bachi Gedoelst, Champ. Paras. Homme, 
1902, 177; Streplolhrix erysipeloidcs Ca- 
miniti. Cent. f. Bakt., I Abt., Orig., 
1907, 198; Rosenbach, Ztschr. f. Hyg., 
63, 1909, 367; Nocardia rosc/dmc/ii Cas- 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 815; Babesia erysipeloides 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, ac¬ 
cording to Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4> 1934,45; Actinomyces 
rosenbachii Holland, .Jour. Bact., 6, 
1920, 216; Bacterium erysipeloidis Leh¬ 
mann and Neumann, Bakt. Diag., 
7 .\ufi., 2, 1927, 499.) From Greek ery¬ 
sipelas, erysipelas; idus, shape, appear¬ 
ance. 

Rosenbach {loc. cit.) made a compara¬ 
tive study of the three species in this 
genus and came to the conclusion that 
they were different, altliough closely 
allied to each other. However, Rick- 
mann (Ztschr. f. Hyg., 64, 1909, 362) 
concluded that they w’ere identical. 

Source: Isolated by Rosenbach (Ver- 
handl. d. deutsch. Gesellsch. f. Chirurg., 
2, 1887, 75) in cases of human erysipe¬ 
loid. 
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FAMILY IX. ACHROMOBACTERIACEAE BREED. 

(Jour. Bact., 50^ 1945, 124.) 

Rods, small to medium in size, cells usually uniform in shape. No branching on 
ordinary media, if at all. Gram-negative, rarely Gram-variable. Peritrichousor non- 
motile. Growth on agar slants non-chromogenic to grayish-yellow, brownish-yellow 
or yellow to orange. The pigment does not diffuse through the agar. Characterized 
by lack of power or feeble powers of attacking carbohydrates. May form acid from 
hexoses but no gas. May or may not reduce nitrates. May or may not liquefy gelatin. 
Do not liquefy agar or attack cellulose, and are not phosphorescent. Litmus milk 
may become faintly acid but not sufficiently acid to curdle. Usually the reaction 
remains unchanged or becomes alkaline. Generally salt water, fresh water and soil 
forms and, less commonly, parasites. Some plant pathogens may belong here. 

Key to the genera of family Achromobacteriaceae. 

I. Non-chromogenic or at most little or no chromogencsis on agar or gelatin media. 

A. Litmus milk turned alkaline. No acid from carbohydrates. 

Genus I. Alcaligenes, p. 412. 

R. Litmus milk slightly acid (never curdled), unchanged or alkaline. Acid 
usually produced from hexose sugars. 

Genus II. Achromohacter, p. 417. 

II. Produces yellow to orange chromogenesis. 

A. Litmus milk slightly acid (never curdled) unchanged or alkaline. Acid 
usually produced from hexose sugars. 

Genus III. Flavobacterium, p. 427. 

Genus /. Alcaligenes Casiellani and Chalmers.* 

(Manual Trop. Med., 3rd ed., 1919, 936.) From M.L., alkali and Latin yeniOj to 
produce. 

Peritrichous to inonotrichous, or non-motile rods. Gram-negative to Gram- 
variable. Do not produce acid or gas from carbohydrates. May or may not liquef> 
gelatin and solidified blood serum. Turn litmus milk alkaline and may or may not 
peptonize it. Do not form acetylmethylcarbinol. Chromogenesis when it occurs is 
grayish-yellow, brownish-yellow or yellow. Generally occur in the intestinal tract 
of vertebrates or in dairy products. 

The type species is Alcaligenes faecalis Castellani and Chalmers. 


• Revised by Prof. H. J. Conn, New York State Experiment Station, Geneva, 
New York, June, 1938; further revision by Prof. Robert S. Breed, New York Sta e 
Experiment Station, Geneva, New York, June, 1945. 
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Key to the species of genus Alcaligenes. 

I. Gelatin not liqueBed, 

A. Motile. 

1. Does not produce ropiness in milk. Found in the intestinal tract. 

1. Alcaligenes faecalis. 

2. Produces ropiness in milk. 

2. Alcaligenes viscosus. 

B. Non-motile. 

1. Found in the intestinal tract. 

3. Alcaligenes metalcaligenes. 

II. Gelatin liquefied. 

A. Motile. 

1. Milk peptonized; blood serum liquefied. 

4. Alcaligenes bookeri. 

2. Milk not peptonized; blood serum not liquefied. 

5. Alcaligenes recti. 

B. Non-motile. 

1. Milk peptonized, slimy. 

6. Alcaligenes marshallii. 


1. Alcaligenes faecalis Castellani and 
Clialiners. {Bacillus faecalis alcalig¬ 
enes Petruschky, Cent. f. Bakt., I Abt., 
19, 1896, 187; Bacterium fecalis alcalig¬ 
enes Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 73; Bacterium alcalig¬ 
enes Lehmann and Neumann, Bakt. 
Diag.,2 Aufl,, 1899,242; Bacillus alcalig¬ 
enes Migula, Syst. d. Bakt., 2, 1900, 737; 
Castellani and Chalmers, Manual Trop. 
Med., 1919, 936; Bacillus fecalis-alcalig- 
enes Holland, Jour. Bact., 5, 1920, 218; 
Bacterium fecalis-alcaligenes Holland, 
ibid.', Vibrio alcaligenes Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
648: Bacterium faecale alcaligenes Mo- 
nias, Jour. Inf. Dis.,1928,330.) From 
Ijatin/aei, dregs; M. L., fecal. 

Rods: 0.5 by 1,0 to 2.0 microns, occur¬ 
ring singly and in pairs, and occasionally 
in long clmins. Motile with peritrichous 
flagella. In some strains, the majority of 
the individual cells show only a single 
flagellum. This is apt to be in a lateral 
rather than in the polar position. Gram- 
negative. 

Gelatin colonies: Circular, grayish, 
translucent. 


Gelatin stab: Gray surface growth. 
No liquefaction. 

Agar colonies: Transparent with opaque 
center, undulate margin. 

Agar slant: White, glistening, opales¬ 
cent, undulate margin. 

Broth: Turbid, with thin pellicle, and 
viscid sediment. Gives off ammonia. 

Litmus milk: Alkaline. 

Potato: Scanty to abundant, yellowish 
to brownish growth. 

Indole not formed. 

Nitrite production from nitrates vari¬ 
able. 

No acid or gas from carbohydrate 
media. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37'’C. 

Source: Feces, abscesses related to 
intestinal tract, occasionally blood 
stream. 

Habitat: Intestinal canal. Generally 
considered non-pathogenic. 

la. Alcaligeries faecalis var. radicans 
Evans (Public Health Rpts., 46, 1931, 
1676) is a gelatin liquefying strain. 
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2. Alcaligenes viscosus (Weldin and 
Levdne) Weldin. {Bacillus lactis viscosus 
Adamctz, Cent. f. Bakt., 9, 1891, 698; 
Bacillus viscosus laclis Kruse, in Flugge, 
Die Mikroorganismen, 2, 1896, 359; Bac¬ 
terium viscosus lactis Chester, Delaware 
Agr. Exp. Sta. 9th Ann. Rept., 1897, 89; 
Bacterium laclis viscosum Lehmann and 
Xeuniann, Bakt. Diag., 1 Aufl., 2, 1896, 
198 (Eng. ed., 1901, 196); Bacterium sub¬ 
viscosum Migula, Syst. d. Bakt., 2, 1900, 
326; Group I, varieties 1,2, 3, 4 and 5 of 
Harrison, Rev. G<5n. du Lait, 5, 1905,100; 
Bacterium visco-coccoidium Buchanan 
and Hammer, Iowa Agr. Exp. Stat. Re¬ 
search Bull. 22, 1915, 260; Bacillus lactis- 
viscosus Holland, Jour. Bact., 5,1920,218; 
Bacterium lactis-viscosus Holland, idem] 
Bacterium viscosum Weldin and Levine, 
Abst. Bact., 7, 1923, 16 (not Bacterium 
viscosum Migula, Syst. d. Bakt.,2, 1900, 
647); Lactobacillus viscosus Bergey et al., 
Manual, 1st ed., 1923, 244; .4c/iromc»6ac/er 
viscosum Bergey et al.. Manual, 2nd ed., 
1925, 169; Weldin, Iowa State College 
Jour. Sci., 7, 1927, 186.) From Latin 
viscosus, viscous. 

Description taken largely from Ijong 
and Hammer, Iowa State Coll. Jour, of 
Sci., 10, 1936, 262. 

Rods : 0.6 to 1.0 by 0.8 to 2.6 microns, 
almost spherical cells frequently found, 
occurring singly, in pairs or short chains. 
Motile (Adamctz, loc. cil.)] non-motilc 
(Long and Hammer, loc. cil.). Gram- 
negative, rarely Gram-positive. Cap¬ 
sules produced in milk cultures. 

Gelatin colonies: Small, gray becoming 
yellowish. 

Gelatin stab: White surface growth 
with villous growth in stab. No lique¬ 
faction. 

Agar colonies: After 3 to 4 days, circu¬ 
lar, 4 to 6 mm in diameter, white, viscid, 
shining, edge entire. 

Agar slant: Abundant, white, spread¬ 
ing, viscid, shining. 

Broth: Turbid with thin pellicle and 
some sediment. Ropiness generally pro¬ 
duced. 


Litmus milk: Ropincss produced. Pel¬ 
licle formed. Alkaline. No coagulation. 

Potato: Moderately heavy, dirty-white, 
spreading, shining growth. 

Indole not formed. 

Nitrites ordinarily not produced or 
produced only in a trace from nitrates. 

No HsS produced. 

Slight, if any, acid production from 
carbohydrates. 

Fat is hydrolyzed. 

Methyl red reaction negative. 

Voges-Proskauer reaction negative. 

Temperature relations: Growth occurs 
at 10° and at 20*^0. At 37“ and at 40“C 
growth variable. 

Aerobic. 

Source; Originally isolated from water. 

Habitat: Found in water and around 
dairy barns, dairy utensils. Produces 
ropiness in milk. 

Long and Hammer (Iowa State Coll. 
Jour. Sci., 10, 1936, 264) have described 
a variety of this species {Alcaligenes vis- 
cosus var. dissimilis) which does not 
produce ropiness in milk. 

3. Alcaligenes metalcallgenes Castel- 
lani and Chalmers. (Castellani and 
Chalmers, Man. Trop. Med., 1919, 936, 
Bacterium metalcaligenes Weldin and 
Levine, Abst. Bact., 7, 1923, 13; Achro- 
mobacter metalcaligenes Bergey et al., 
Manual, 2nd ed., 1925, 169.) From 

Greek meta, in common with; M. L., 
resembling alcaligenes. 

Rods: 0.6 by 1.5 microns, with rounded 
ends, occurring singly and in pairs. Non 
motile. Gram-negative. 

Gelatin stab: No liquefaction. 

Agar colonies; Circular, raised, sinoot , 

amorphous, entire, gray. 

Agar slant: Gray, scanty, filiform, con 

toured, viscid. 

Broth: Membranous pellicle with heavy 
sediment. 

Litmus milk: Alkaline. , 

Potato: Scanty, glistening, siaoo 

sometimes faint pink. 

Indole not formed. 
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Nitrite production from nitrates vari¬ 
able. 

Starch not hydrolyzed. 

Blood serum not liquefied. 

No action on carlwhydrates. 

Aerobic, facultative. 

Optimum temperature 22*C. 

Habitat: Intestinal canal. 

4. Alcaligenes bookeri (Ford) Bergey 
et al. (Bacillus A of Booker, Trans. 
Ninth Internat. Med. Congress, 3, 1887, 
598; Bacillus bookeri Ford, Studies from 
the Royal Victoria Hospital, Montreal, I, 
1903 , 31; Bergey et al., Manual, 1st ed., 
1923, 236; Bacterium bookeri Levine and 
Soppeland, Eng. Exp. Sta., Iowa State 
College, Bui. 77, 1926, 55.) Named for 
the bacteriologist who first isolated this 
species. 

Rods: 0.5 by 1.5 to 2.0 microns, occur¬ 
ring singly. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Circular, brown, 
variable in size. 

Gelatin stab: Slow, saccate liquefac¬ 
tion, becoming stratiform. 

Agar colonies: Thin, transparent, with 
opaque center and indistinct margin. 

Agar slant: Abundant, yellowish to yel¬ 
lowish-brown. 

Broth: Turbid, with viscid sediment. 
No pellicle. 

Litmus milk: Alkaline. Soft curd. 
Litmus reduced. Peptonization. 

Potato: Luxuriant, yellowish-white, 
moist. Medium is darkened. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid or gas from carbohydrate 
media. 

Blood serum: Yellowish-brown growth. 
Gradual liquefaction. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From alvine discharges of chil¬ 
dren suffering with cholera infantum. 

Habitat: Intestinal canal. 
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5. Alcaligenes recti (Ford) Bergey et 
al. {Bacterium recti Ford, Studies from 
the Royal Victoria Hospital, Montreal, 
1, 1903, 31; Bergey ot al., Manual, 1st ed., 
1923, 236.) From Latin rectus, rectum. 

Rods: 0.5 by 1.5 to 2.0 microns, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile with peritrichous flagella. Gram- 
negative. 

Gelatin colonies: Variable in size and 
shape, circular to oval, brown. 

Gelatin stab: Rapid, saccate liquefac¬ 
tion. 

.\gar colonies: I.4irge, grayish-white, 
with opaque center. Slightly spreading. 

.\gar slant: Grayish-white, echinulate. 

Broth : Turbid, No pellicle. 

Litmus milk : .\lknline. No peptoniza¬ 
tion. 

Potato: Luxuriant, moist, brownish- 
red. 

Indole not formed. 

Nitrites produced from nitrates. 

No acid or gas from carbohydrate media. 

Blood serum: Abundant white growth. 
No liquefaction. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Found but once from coecum 
and rectum (Ford). 

Habitat: Intestinal canal. 

6. Alcaligenes marsballil Bergey et al. 
(Bacillus B of Marshall, Cent. f. Bakt., 
II Abt., n, 1903, 739; Bacterium lactis 
marshalli Conn, listen and Stocking, .\nn. 
Rept. Stores Agr. Exp. Station, 1906,141; 
Bergey et al.. Manual, 1st ed., 1923, 237.) 
Named for Prof. C. E. Marshall, the 
American bacteriologist who first isolated 
this species. 

Rods: 0.3 by 1.2 microns, occurring 
singly. Non-motile. Gram-negative. 

Gelatin colonies: Gray, granular, ir¬ 
regular, glistening. 

Gelatin stab: Slow, infundibuliform 
liquefaction. 

Agar slant: Filiform, gray to creamy- 
white, raised, becoming lemon-yellow. 
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Broth: Turbid, with gray ring and vis¬ 
cid sediment. 

Litmus milk: Alkaline, slimy, pep¬ 
tonized, strong odor. 

Potato: Luxuriant, lemon-yellow, 

smooth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid or gas from carbohydrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Milk. 

Appendix: The following species have 
also sometimes been regarded as belong¬ 
ing in the genus AlcaligzncSy or possess 
characters that indicate that they belong 
in this genus. 

Achromohacler alcaliaromaticum (Ber¬ 
lin) Bergey et al. {Bacterium alcali¬ 
aromaticum Berlin, Ilev. de Microbiol, et 
Epidemiol., 6, 1927; Bergey et al., Man¬ 
ual, 3rd ed., 1930, 212.) From feces. 
See Manual, 5th ed., 1939, 509 for a de¬ 
scription of this species. This species is 
much like Alcaligencs faecalis. 

Achromohacler cystinovorum Barber and 
Burrows. (Biochern. Jour., 30, 1936, 
599.) From soil. Sec Manual, 5th cd., 
1939, 516 for a description of this species. 
This species is much like Alcaligenes 
marshallii. 

Ackromobacier lipidis (Anderson) 
Allison, Anderson and Cole. {Bacter¬ 
ium lipidis Anderson, Internal. Assoc. 
Milk Dealers, Proc. 30th Ann. Conven¬ 
tion, Labora ory Section, October, 1937, 
19; Allison, Anderson and Cole, Jour. 
Bact., 36, 1938, 571.) From rancid 
cream. See Manual, 5th ed., 1934, 521 
for a description of this species. This 
species is much like Alcaligenes metal- 
caligenes. 

Alcaligenes albus Bergey et al. {Bac¬ 
terium laciis album Conn. Esten, and 
Stocking, Ann. Kept., Storrs Agr. Exp. 
Station, 1908,143; Bergey et al., Manual, 
1st ed., 1923, 237.) From udder of cow'. 
Gram-positive. See Manual, 5th ed., 
1939,100 for a description of this species. 

Alcaligenes alcalinofoetidus Hauduroy 
et al. {Bacillus alcalinofoetidus Cas- 


tellani. Jour. Trop. Med., 1930, 134; 
Hauduroy, Ehringer, Urbain, Guillotand 
Magrou, Diclionnaire des bact 6 ries path- 
ogenes. Paris, 1937, 29.) From tonsils 
of persons having an offensive breath. 

Alcaligenes ammoniagenes (Cooke arid 
Keith) Bergey et al. {Bacterium am¬ 
moniagenes Cooke and Keith, Jour. Bact., 
IS, 1927, 315; Bergey et al., Manual, 3rcl 
ed., 1930, 367.) From feces of infants. 
Gram-positive. See Manual, 5th ed., 
1939, 99 for a description of this species. 

Alcaligenes denieri Ck)rbet. (Organ¬ 
ism No. 6 , Denier and Vernet, Le Caout¬ 
chouc, 17, 1920, 10193; Quart. Jour. Rub¬ 
ber Research Inst., Malaya,.?, 1930,152.) 
From the latex of Hevea brasiliensis 
(para rubber tree). Gram-positive. 
See Manual, 5th ed., 1939, 99, for a 
description of this species. 

Alcaligenes faecalis var. 7 nariense Hau¬ 
duroy et al. {Bacillus mariense Klimenko 
quoted from Besson, Technique Micro- 
biologique, p. 904; Hauduroy et al., Diet. 
Path. Bact., Paris, 1937, 31.) A hydro¬ 
gen sulfide producing variety. 

Alcaligenes lenis De Assis. (Boletim 
do Inst. Vital Brasil, Niteroi, No. 14, 
1930, 1.) From human blood stream. 

Alcaligenes stevensae Brown. (Amer. 
Museum Novit., No. 251, 1927, 6 .) 
From crushed egg masses of the moth 
{Malacosoma americana). Said to he 
related to Alcaligenes bronchisepticas. 

Bacillus coed Ford. (Ford, Studies 
from Royal Victoria Hosp., Montreal, L 
No. 5, 1903, 45.) Found in stomach and 
rectum of a single human subject. Muc 

like Alcaligenes bookeri. 

Bacillus pylori Ford. (Ford, Studies 

from Royal Victoria Hosp., Montrea » 
No. 5, 1903, 44.) Found in the human 
stomach. Liquefied gelatin and 
tonized casein but did not liquefy 
serum. , 

Flavobacterium fecale Bergey et 
{Badllus fecale aromaticum ; 

Cent. f. Bakt., I Abt., Grig., 91, *9"^; 
Bergey et al., Manual, 3rd ed., 1930, 

From feces. Resembles *”515 

shallii. See Manual, 5 th ed., ISS^^ 
for a description of this species. 
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Genus II. Achromobacter Bergey el al.* 

(Bergey et al., Manual, 1st ed., 1923, 132; Achromobacterium Richards, Proc, 
Soc. Agr. Bact. (British), 15th Ann. Conf., 1944, 14.) From Greek nc/iroma, with¬ 
out color and hactrum, a staff or rod. 

Non-pigment-forming (at most no pigment formed on agar or gelatin) rods. Motile 
with peritrichous flagella or non-motile. Gram-negative to Gram-variable. Litmus 
milk faintly acid to unchanged or alkaline. Occur in salt to fresh water and in soil. 

The type species is Achromobacter liquefaciens (Eisenberg) Bergey et al. 

Key to the species of genus Achromobacter. 


I, Motile. Flagella peritrichous. 

A. Gelatin liquefied. 

1. Litmus milk unchanged. 

a. Nitrites not produced from nitrates. 

1. Achromobacter liquefaciens. 
aa. Nitrites are produced from nitrates. 

2. Achromobacter thalassius. 

3. Achromobacter iophagum. 

2. Litmus milk acid. 

a. Nitrites are produced from nitrates. 

4. Achromobacter (ielicatulum. 

B. Gelatin not liquefied. 

1. Litmus milk unclianged. 

a. Nitrites arc produced from nitrates. 

6. Achromobacter aquamarinus. 

6. Achromobacter cycloclastes. 

2. Litmus milk slightly acid. 

a. Nitrites not produced from nitrates. 

7. Achromobacter superjiciale. 

II. Non-motile. 


A. Gelatin liquefied. 

1. Litmus milk unchanged. 

a. Nitrites slowly produced from nitrates. 

8. Achromobacter stenohalis. 
aa. Nitrites not produced from nitrates. 

9. Achromobacter bulyri. 

2. Litmus milk alkaline. 

a. Nitrites are produced from nitrates. 

10. Achrornobacter stalionis. 


B. Gelatin not liquefied. 

1. Litmus milk unchanged. 

a. Action on nitrates not recorded. 

11. Achromobacter eurydice. 

2. Litmus milk acid, reduced in 5 days. 

a. Nitrites are produced from nitrates. 

12. Achromobacter delmarvae. 


• Partially rearranged before his death by Prof. D. H. Bergey, Philadelphia, Penn¬ 
sylvania, September, 1937; further revision by Prof. Robert S. Breed, New York 
State Experiment Station, Geneva, New York, August, 1946. 
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1. Achromobacter llquefaciens (Eisen- 

berg) Bergcy et al. (Bacillus liquefa- 
dens Eisenberg, Bakt. Diag.,3Aufl.,1891, 
112; not Bacillus liquefaciens Doyen, 
Jour. (1. connaiss. 1889, lOS; not 

Bacillus liquefaciens Lucet, Ann. Inst. 
Past., 7, 1893, 327; not Bacillus lique¬ 
faciens Migula, Syst. d. Bakt., 2, 1900, 
723; Bacillus sternbergii Migula, Syst. d. 
Bakt., 2, 1900, 726; Bergeyetal., Manual, 
1st ed., 1923, 135.) From Latin, lique¬ 
fying. 

Description emended by Bergey et al. 
{loc. cit.). This is reported to be a com¬ 
mon water organism by Lustig (Diag. d. 
Bakt. des Wassers, 1893,86), by Frank- 
land and Frankland (Microorganisms in 
Water, 1894, 461) and by Horrocks (Bact. 
Exam, of Water, 1901, 54). 

Short, rather thick rods, with rounded 
ends, occurring singly. Motile, possess¬ 
ing peritrichous flagella. Gram-nega¬ 
tive. 

Gelatin colonies: Circular, gray, entire, 
slimy. Liquefaction. In time a putrid 
odor. 

Gelatin stab: Napiform liquefaction. 

Agar slant: Dirty-white, spreading 
growth. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: Light yellow streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Habitat: Water. 

2. Achromobacter thalasslus ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5, 1944, 279.) 
From Greek thalassixis, marine, of the 
sea. 

Rods: 0.6 to 0.7 by 0.8 to 2.3 microns, 
with some variation in shape, occurring 
singly, in pairs and short chains and many 
cells lying side by side. Motile by means 
of peritrichous flagella. Gram-negative 
but cell walls tend to retain stain. 

All media except the fresh-water broth, 


litmus milk, and potato were prepared 
^ ith sea water. 

Gelatin colonies: 1 mm, circular, 
white. 

Gelatin stab: Napiform liquefaction. 
Filiform growth along line of stab. 

Agar colonies: Punctiform, rough, 
translucent, raised. 

Agar slant: Moderate, glistening, 
beaded, watery, butyrous growth with 
no pigment. 

Sea-water broth: No pellicle, slight 
turbidity, scanty pow'dery sediment. 

Fresh-water broth: Fair growth. 

Litmus milk: No visible change. 
Casein not digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites are produced from nitrates. 

Does not ferment glucose, lactose, mal¬ 
tose, sucrose, xylose, mannitol, glycerol, 
or salicin. 

Starch not hydrolyzed. 

Hydrogen sulflde not formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Source: Marine bottom deposits. 

3. Achromobacter iophagum (Gray and 
Thornton) Bergey et al. (Bacterium 
iophagum Gray and Thornton, Cent. !• 
Bakt., II Abt., 75,1928,89; Bergeyetal., 
Manual, 3rd ed., 1930, 204.) From 
Greek ius, a poison and phagein, to eat 
or devour. 

Rods: 0.8 to 1.0 by 1.0 to 5.0 microns. 
Motile by means of peritrichous flagella- 
Gram-negative. 

Gelatin colonies: Quickly liquefied. 

Gelatin stab: Liquefied. 

Agar colonies: Circular or amoeboid, 
whitish, flat, raised, smooth, translucent, 

entire. 

Agar slant: Filiform, white to,buff, AaL 
undulate. 

Broth: Turbid. 

Litmus milk: Unchanged. 
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Nitrites produced from nitrates. 

Starch hydrolyzed. 

Acid from glucose and sucrose. Oc¬ 
casionally from maltose and glycerol. 
Attacks phenol and naphthalene. 
Aerobic, facultative. 

Optimum temperature 30° to 35°C. 
Source: Fiheen cultures from soil. 
Habitat: Soil. 

4. Achromobacter dellcatulum (Jor¬ 
dan) Bergey et al. {Bacillus delicalulus 
Jordan, Report Mass. State Bd. of 
Health, 1890, 837; Bacterium delicalulus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 82; Bergey et al., Manual, 
Isted., 1923,137.) From Latin delicalus, 
soft, delicate; M. L. delicalulus, some¬ 
what delicate. 

Characters added to Jordan’s descrip¬ 
tion hy Bergey {loc. cil.) from his private 
notes are indicated. Steinhaus (Jour. 
Bact., 4^, 1941,771) apparently found the 
same organism and has added other 
characters. 

Rods: 1.0 by 2.0 microns, occurring 
singly (Jordan). Motile, possessing peri- 
trichous flagella. Gram-negative (Ber- 

gey). 

Gelatin colonies r Whitish, homogene¬ 
ous, with radiate margin. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar slant: Whitish, glistening. 

Broth: Turbid, with gray pellicle and 
sediment. 

Litmus milk: Acid. Slow reduction 
and peptonization (Steinhaus). 

Potato: Thin, gray streak. 

Acid from glucose, sucrose, maltose and 
lactose (slow) (Steinhaus). 

No hydrolysis of starch (Steinliaus). 
No HjS produced (Steinhaus). 

Indole not formed (Bergey). 

Nitrites produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 30° to 35°C. 
Source: From the efiSuent of a septic 
tank (Jordan). From water (Bergey). 


From the alimentary tract of an adult 
Colorado potato beetle {Leptinolarsa 
decemlineala Say) (Steinhaus). 

Habitat: Presumably widely distrib¬ 
uted in nature. 

o. Achromobacter aquamarinus ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5, 1944,264.) 
From Latin aqua, water, and 7narinus, 
sea. 

Rods: 0.8 by 1.2 to 2.0 microns, with 
rounded ends, occurring singly. Motile 
by means of a few peritrichous flagella. 
Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: 2 mm, convex, circu¬ 
lar, entire, whitish. 

Gelatin stab: Poor growth, no lique¬ 
faction, no pigment. 

.Agar colonies: 2 mm, convex, smooth, 
circular. 

Agar slant: Moderate, beaded, glisten¬ 
ing, butyrous growth with no pigment. 

Sea-water broth: Surface ring, mod¬ 
erate turbidity, heavy viscous sediment. 

Fresh-water broth; Poor growth. 

Litmus milk: No visible change. 
Casein not digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites rapidly produced from ni¬ 
trates. 

Produces acid but no gas from glucose 
and maltose. Docs not ferment lactose, 
sucrose, nmnnitol, glycerol, xylose, or 
salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 
not from urea. 

Fats are hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Source: Found in sea water and on sub¬ 
merged slides. 

Habitat: Sea water. 
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6. Achromobacter cycloclastes (Gray 
and Thornton) Bergey et al. (Bac- 
terium cycloclastes Gray and Thornton, 
Cent. f. Bakt., II Abt., 73, 1928, 89; 
Bergey et aL, Manual, 3rd ed., 1930, 212.) 
From Greek cyclus, ring and clastus, 
breaking in pieces. 

Rods: 1.0 to 1.5 by 1.5 to 8.0 microns. 
Motile with 1 to 12 peritrichous flagella. 
Gram-negative. 

Gelatin colonies: Circular, white, 
raised, smooth, glistening, entire. 

Gelatin stab: No liquefaction. Nail 
head growth. 

Agar colonies: Circular to amoeboid, 
white, flat to convex, smooth, glistening, 
translucent with opaque center, entire. 

Agar slant: Filiform, pale buff, raised, 
smooth, glistening, undulate. 

Broth; Turbid. 

Nitrites produced from nitrates. 

Starch not hydrolyzed. 

Litmus milk unchanged. 

No acid from carbohydrate media. 

Attacks phenol and naphthalene. 

Aerobic, facultative. 

Optimum temperature 30® to 35®C. 

Source: Three cultures from soil. 

Habitat: Soil. 


7. Achromobacter superficlale (Jor¬ 
dan) Bergey et al. {Bacillus super- 
ficialis Jordan, Report Mass. State Bd. 
of Health, 1890, 833; Bacterium super- 
Jicialis Chester, Ann. Kept. Del. Ck)l. 
Agr. Exp. Sta., 9, 1897, 94; Bergey et al., 
Manual, 1st ed., 1923, 144.) From Latin 
super ficialis, lying on the surface. 

Characters added to Jordan's descrip¬ 
tion by Bergey {loc. cil.) from his private 
notes are indicated. 

Rods: 1.0 by 2.2 microns, occurring 
singly (Jordan). Motile, possessing peri¬ 
trichous flagella. Gram-negative (Ber¬ 
gey)- 

Gelatin colonies: Small, circular, gray, 


translucent. 

Gelatin stab: Scanty surface growth. 
Slow liquefaction. 

Agar slant: Limited, gray, filiform. 
Broth: Slightly turbid. 


Litmus milk: No change. Later be¬ 
coming slightly acid. 

Potato: No growth (Jordan). Limited 
growth (Bergey). Abundant (Stein- 
haus). 

Indole not formed (Bergey). 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25® to 30®C. 

Source: Sewage. Gibbons (Contrib. to 
Canadian Biol, and Fish., 8, No. 22,1934, 
279) reports this species as occurring in 
the slime and feces of the cod {Gadus 
callarias) &nd dogfish {Squalus acanthias). 
An organism apparently identical with 
this organism has been found by Stein- 
haus (Jour. Bact., 4£, 1944, 771) in the 
intestines of beetle larvae {Urographus 
fasciata DeG.). 

Habitat: Presumably widely distrib¬ 
uted in nature. 

8. Achromobacter stenoballs ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5, 1944,257.) 
From Greek stenus, narrow or close, and 
halinus, salty; adapted to a slight change 
of salinity only. 

Rods: 0.8 to0.9 by 0.8 to 1.6 microns, 
occurring singly, in pairs and short 
chains. Nou-motile. Capsulated. 
Gram-negative. 

All media e.xcept the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonics: 1 mm, whitish, circu¬ 
lar, convex, entire. No pigment. 

Gelatin stab: Very slow crateriform 
liquefaction. Napiform in 50 days. 

Agar colonies: Small, circular, opales¬ 
cent, lobate edge, convex with slightly 
raised margin, smooth. 

Agar slant: Moderate, beaded, ghs' 
tening, opalescent, beaded growth with 
no pigment. 

Sea-water broth: Moderate turbidity, 
viscid sediment, no pellicle or ring. 

Fresh-water broth: No visible growt 

Litmus milk: No visible change- 
Casein not digested. 

Potato: No visible growth. 
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Indole not produced. 

Nitrites slowly produced from nitrates. 

No acid or gas from glucose, lactose, 
maltose, sucrose, mannitol, glycerol, 
xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide not produced. 

Ammonia produced from peptone but 
not from urea. 

Fats are not hydrolyzed. 

Aerobic, facultative (poor anaerobic 
growth). 

Optimum temperature 20® to 25®C. 

Source: Sea water, marine mud, and 
marine phytoplankton. 

Habitat: Sea water. 

9. Achromobacter butyri Bergey et 
al. (Micrococcus buUjri-aromafaciens 
Keith, The Technology Quarterly, 70, 
1897, 247; Bacillus butyri aroma/aciens 
Grimm, Cent. f. Bakt., 11 Abt., 8, 1902, 
589; Bergey et al., Manual, 1st ed., 
1923, 148; Bacterium butyriaromafaciens 
Omeliansky, Jour. Bact., 8, 1923, 400.) 
From Latin butyrum, butter. 

Rods: 0.5 to 1.0 micron, nearly spheri¬ 
cal, occurring singly and in pairs. Non- 
motile. Gram-negative. 

Gelatin colonies: White, circular, 
smooth, glistening. 

Gelatin stab: White surface growth, 
liquefaction with white sediment. 

Agar slant: Abundant, white, glisten¬ 
ing. 

Broth: Turbid, with ring and sedi¬ 
ment. 

Litmus milk: Reaction unchanged. 
Aromatic odor. 

Potato: Slow and limited, white 
growth. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Milk. 

10. Achromobacter statlonls ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 6, 1944,273.) 
From Latin sfafto, anchorage. 


Ovoid rods: 0.4 by 0.5 to 0.6 microns, 
occurring singly or in chains of two to 
three. Non-motile. Gram-positive but 
easily destained. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: 0.5 tol mm, circular, 
convex, grayish-white. 

Gelatin stab: Very slow napiform 
liquefaction. 

Agar colonies: 1 to 2 mm, convex, 
lobate edge, smooth, colorless. 

Agar slant: Moderate, glistening, fili¬ 
form, butyrous growth with no pigment. 

Sea-water broth: Heavy pellicle, no 
turbidity, granular growth along walls, 
scanty sediment. 

Fresh-water broth: Good growth. 

Litmus milk: Becomes alkaline. 
Casein not digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites rapidly produced from ni¬ 
trates. 

Produces acid but no gas from glucose. 
Does not ferment lactose, maltose, 
sucrose, mannitol, glycerol, xylose, or 
salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Found in film of marine fouling 
organisms. 

Habitat: Sea water. 

11. Achromobacter eurydice (White) 
Bergey et al. (Bacterium eurydice 
White, U. S. Dept, of Agr., Bur. of 
Entomol., Circ. 157, 1912, 3 and U. S. 
Dept, of Agr. Bull. 810, 1920, 15; Bergey 
etal.,Manual,2nd ed., 1925,170.) From 
Greek Eurydice, the wife of Orpheus. 

Rods: Small, slender, with slightly 
rounded ends, occurring singly and in 
pairs. Non-motile. Gram-negative. 
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Gelatin stab; A bluish-gray growth 
occurs along the line of inoculation. 
No liquefaction. 

Glucose agar colonies: Bluish-gray, 
circular, smooth, glistening, entire. 

Broth: Uniform turbidity with viscid 
sediment. 

Litmus milk: Unchanged. 

Acid from glucose but little or no 
action on other carbohydrates. 

Potato: Slight, grayish growth. 

Aerobic, facultative. 

Innocuous when fed to bees. Not 
pathogenic when inoculated subcutane¬ 
ously in rabbits. 

Source: Occurs as a secondary invader 
in European foulbrood of bees. 

Habitat: Unknown. 

12. Achromobacter delmarvae Smart. 
(Smart, Jour. Bact., 23, 1932, 41 and 
Jour. Agr. Research, 51, 1935, 363.) 
From Delmarva, coined from Del., Mar. 
and Va., the regions in which the species 
was found. 

Short rods: Average size 0.75 by 1.5 
microns, with rounded ends, occurring 
singly, in pairs and in short chains. Non- 
motile. Gram-negative. 

Gelatin colonies: Similar to agar 
colonics. 

Gelatin stab: Scanty growth. No 
liquefaction. 

Beef-infusion agar colonies: Small, cir¬ 
cular, raised, edges smooth, glistening, 
translucent, bluish-white, amorphous, 
margin entire. 

Agar stab: Abundant growth. Sur¬ 
face growth round, smooth, glistening, 
bluish-white, raised. Filiform growth 
the whole length of stab, but growth 
best at top. 

Agar slant: Abundant filiform growth, 
raised, glistening, smooth, translucent, 
bluish-white, no odor; old cultures 
slightly viscid. Medium unchanged. 

Nutrient broth: Turbid. Delicate 
white pellicle. Sediment abundant, 
white, slightly stringy. No odor. Color 
of medium unchanged. 


Sterile milk: Slow growth. No 
peptonization. Coagulation in 12 to 
14 days. Milk turns chocolate brown 
beginning at top. 

Litmus milk: Acid with reduction of 
litmus in 5 days. Coagulation with 
return of pink color in 12 to 14 days. 
Browning of medium. 

Potato: Abundant growth, grayish- 
white, glistening, smooth, raised. Me¬ 
dium changed from white to smoke-gray. 
Indole not formed. 

Nitrites produced from nitrates in 7 
days at 26®C. 

No H 2 S produced. 

Ammonia not formed. 

Diastatic action weak. 

Acid but no gas from glucose, lactose, 
glycerol and mannitol. Alkaline reac¬ 
tion and no gas from sucrose. 

Optimum pH 7.0. 

Temperature relations: Optimum 
26®C. Good growth up to 31®C. Very 
slight growth at 37° and at —8°C. 
Facultative anaerobe. 

Source: Isolated from fresh straw¬ 
berries from Delaware, Maryland and 
Virginia. 

Habitat: Unknown. 

Appendix: Many of the following 
species were described before Gram 
and flagella stains had been perfected. 
Hence it is impossible to identify them 

definitely as belonging to Achromobacter. 

Comparative study is needed in ot er 
cases before the remaining species can e 
placed in their proper place in the genus. 

Achromobacter acidum (Chester 
Bergey et al. (Species No. 56 of Conn, 
Stores Agr. Exper. Sta., 7th Ann. Rep ■ 
for 1894, 1895, 83; Bacterium acidum 

Chester, Man. Determ. Bact., * 
146; Bergey et al., Manual, 1st ed., IW » 
151.) From milk. See Manual, m 
ed., 1934, 246 for a description of tw 

organism. j 

Achromobacter agile (Ampola a 
Garino) Bergey et al. (BacillM 
^cans agilis Ampola and Garino, 
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f. Bakt., II Abt., 1896, 673; Bacterium 
denitrificans agilis Chester, Ann. Uept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 76; Bac¬ 
terium agile H. Jensen, Cent. f. Bakt., 
II Abt., 4, 1898, 408; Bacilhis denitrifi¬ 
cans Migula, Syst. d. Bakt., 2, 1900, 796; 
not Bacillus denitrificans Chester, Man. 
Determ. Bact., 1901, 274; Bacillus agilis 
Chester, Man. Determ. Bact., 1901, 226; 
not Bacillus agilis Tschistowitsch, Berl. 
klin. Wchnschr., 1892, 512; Bergey et al., 
Manual, 1st ed., 1923, 138.) From 
cow manure. See Manual, 4th ed., 
1934, 219 for a description of this organ¬ 
ism. 

Achromobacter album (Eisenberg) Ber¬ 
gey et al. {Bacillus albus Eisenberg, 
Bakt. Diag., 3 Aufl., 1891,171; Bacterium 
albus Chester, Ann. Kept. Del. Col. 
-Vgr. Exp. Sta., 5,1897, 76; Bergey et al., 
Manual, 1st ed., 1923, 141.) From 
water. Gibbons (Contrib. to Canadian 
Biol, and Fish., 8, No. 22, 1934, 279) 
rei)orts this species from the slime on 
cod {Gadus callarias). See Manual, 
4th ed., 1934, 222 for a description of this 
organism. 

Achromobacter amylovorum (Unbent- 
schick) Bergey et al. {Urobaclerium 
amylovorum Rubentschick, Cent. f. 
Bakt., II Abt., 64, 1925, 168; ibid., 
66, 1926, 161; Bergey et al., Manual, 
3rd ed., 1930, 225.) From sewage slime. 
See Manual, 5th ed., 1939, 514 for a de¬ 
scription of this organism. 

Achromobacter anaerobium Shimwell. 
(Jour. Inst. Brewing, 45, 1937, 507.) 
From spoiled beer. 

Ac/iromo6acfcr aromafaciens (Chester) 
Bergey et al. (Species No. 41 of Conn, 
Storrs Agr. Exper. Sta., 7th Ann. Kept, 
for 1894, 1895 , 57; Bacterium connii 
Migula, Syst. d. Bakt., 2, 1900, 440; 
not Bacterium connu’ Chester, Man. 
Determ. Bact., 1901, 146; J?ac/cr/«m 
aromafaciens Chester, loc. cil., 148; 
Bergey et al.. Manual, Ist ed., 1923, 
151.) From milk sent from Uruguay to 
Chicago World's Fair. See Manual, 
5th ed., 1939, 519 for a description of this 
organism. 


xichromobacter arcticum Uusakowaand 
Butkewitsch. (Microbiology (Russian), 
10, 1941, 137; abst. in Cent. f. Bakt., 
II Abt., 103, 1942, 140.) From sea water 
(Barents Sea). 

Achromobacter candicons (Frankland 
and Frankland) Bergey et al. {Bacillus 
candicans G. and P. Frankland, Ztschr. 
f. Hyg., 6, 1889, 397; Bacterium candicans 
Chester, Ann. Rept. Del. Col. .\gr. Exp. 
Sta., 9, 1897, 130; Bergey et al., Manual. 
Isted., 1923,149.) Fromsoil. See Man¬ 
ual, 5th ed., 1939, 520 fora description of 
this organism. 

Achroinobacter ccntropunctatum (Jen¬ 
sen) Bergey et al. (Bacterium centro- 
punclatus H. Jensen, Cent. f. Bakt., 11 
.‘\bt., 4> 1898, 410; Bacillus ccnlropunc- 
talus Chester, Man. Determ. Bact., 1901, 
225; Bergey et al.. Manual, 1st ed., 1923, 
139.) From cow manure. See Manual, 
4th ed., 1934, 220 for a description of this 
organism. 

Achromobacter coccoideum (Chester) 
Bergey et al. (Species No. 16 of Conn, 
Storrs .\gr. Exper. Sta., 6lh .\nn. Rept. 
for 1893, 1894, 51; Bacterium coccoideum 
Chester, Man. Determ. Bact., 1901, 
147; Bergey et al.. Manual, 1st ed., 
1923, 152.) From ripening cream. See 
Manual, 5th cd., 1939, 520 for a descrip¬ 
tion of this organism. 

Achromobacter connii (Chester) Bergey 
et al. (Culture No. 55, Conn, Storrs 
Agr. Exp. Sta., 7th Annual Rept. for 
1894, 1895, 83; Bacterium connii Chester, 
Man. Determ. Bact., 1901, 146; Bergey 
et al., Manual, 1st cd., 1923, 149.) From 
milk. See Manual, 4th ed., 1934, 243 for 
a description of this organism. 

Achromobacter dendriticum (Lustig) 
Bergey et al. {Bacillus dendriticus 
Lustig, Diagnostics dei batter! delle 
acque, Torino, 1890 and Diagnostik der 
Bakterien des Wassers, 1893, 99; Bacte¬ 
rium dendriticus Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 103; 
Bergey etal., Manual, 2nd ed., 1925,156.) 
From water. See Manual, 5th ed., 
1939, 504 for a description of this organ¬ 
ism. 
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Achromohactcr epsteinii Peshkov. 
(Pcshkov, Jour, of Biology (Russian), 
6, 1037, 1003.) From water of a carp 
pond near Moscow. 

Achromohactcr fermenfationis (Ches¬ 
ter) Bcrgey et al. {Bacterium fermenta- 
iionis Chester, Del. Agr. Exp. Sta. 
Kept. 1890, 53; Bergey et al., Manual, 
1st ed., 1923, 152.) From .soil. See 
Manual, 4th ed., 1934, 247 for a descrip¬ 
tion of this organism. In Chester, Man. 
Determ. Bact., 1901, 231 this is listed as a 
synonym of Bacillus foetidus-liquefaciens 
Tavel, Ueber Aetiol. der Strumitis, Basel, 
1892. 

Achromohacter filefacicns (Jensen) 
Bergey et al. {Bacterium filefaciens 
H. Jensen, Cent. f. Bakt., II Abt., 4, 
1898, 401; Bergey et al.. Manual, 1st 
ed., 1923, 153.) From dust. See Man¬ 
ual, 4th ed., 1934, 247 for a description 
of this organism. 

Achromohacter formosum (Ravenel) 
Bergey et al. {Bacillus formosus Rav¬ 
enel, Memoirs Nat. Acad. Sci., 8, 1896, 
12 ; not Bacillus formosus Brcdemann and 
Heigener, Cent. f. Bakt., II Abt., 98, 
1935, 101; Bacterium formosus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 91; Bergey et al.. Manual, 1st ed., 
1923, 136.) From soil. Gibbons (Con- 
trib. to Canadian Biol, and Fish., 8, No. 
24, 1934, 308) reports this species from 
fillets of haddock {Melanogrammu^ aegle- 
fmus). See Manual, 5th ed., 1939, 505 
for a description of this organism. 

Achromohacter galophilum Bergey et 
al. (Culture No. 27, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bergey et al.. Manual, 3rd ed., 1930, 
223.) From sea water. See Manual, 
5th ed., 1939, 514 for a description of this 
organism. 

Ac^romo 6 acter gasoformaiis (Eisen- 
berg) Bergey et al. (Gasbildner Bacil¬ 
lus, Tils, Zeitechr. f. Hyg., 9, 1890, 
315; Bacillits gasoformans Eisenberg, 
Bakt. Diagnostik, 1891, 107; Bacterium 
gasoformans Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897,93; Bergey et 


al.. Manual, 1st ed., 1923, 137.) From 
water. See Manual, 5lh ed., 1939, 
503 for a description of this organism. 
Gas bubbles observed in plain gelatin 
stab. 

Achromohacter geminum (Chester) Ber¬ 
gey et al. {Bacillus geminus minor 
Ravenel, Memoirs Nat. Acad. Sci., 8, 

1896, 28; Bacterium geminus minor Ches¬ 
ter, Ann. Rept. Del. Col. Agr. E.xp. Sta., 
9, 1897, 72; Bacillus geminus Chester, 
Man. Detenu. Bact., 1901,216; Bergey et 
al., Manual, 1st ed., 1923, 142.) From 
soil. See Manual, 5th ed., 1939, 508 for 
a description of this organism. 

Achromohacter g\\tlalum (Zinimer- 
inann) Bergey et al. {Bacillus gut‘ 
talus Zimmermann, Bakt. unserer 
Trink- u. Nutzwasser, Chemnitz, /, 
1890, 56; Bacterium guttatus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 

1897, 94; Bergey et al.. Manual, 1st ed., 
1923, 140.) From water. See Manual, 
5th ed., 1939, 508 for a description of this 
organism. 

Achromohacter halophilum Bergey et al. 
(Culture No. 36, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bergey et al., Manual, 3rd ed., 1930, 
220.) From sea water. See Manual, 
5th ed., 1939, 513 for a description of this 
organism. 

Achromobacler hartlebii (Jensen) 
Bergey et al. {Bacterium hartlebii H. 
Jensen, Cent. f. Bakt., H Abt., 

1898, 449; Bacillus hartlebii Chester, 

Man. Detenu. Bact., 1901 , 226 ; Bergey et 

al., Manual, 1st ed., 1923, 139.) From 
soil. See Manual, 4th ed., 1934, 219 for 
a description of this organism. 

Achromobacter hyalinum (Jordan) Ber¬ 
gey et al. {Bacillus hyalinus 
Report, Mass. State Bd. of Health, 1890, 
835; Bacterium hyalinxts Chester, 

Rept. Del. Col. Agr. Exp. Sta., 9, 1^. 
95; Bergey et al., Manual, 1 st ed., I ' 
138.) From sand in a septic tank. 
Manual, 4th ed., 1934, 216 for a descrip¬ 
tion of this organism. Also reP*^*"*® * 

Hatcher (Jour. Elisha Mitchell Sci. * 
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55, 1939,332) from the fecesof a cockroach 
{Periplaitela americana). Litmus milk 
acid and coagulated. Gram-negative. 

Achromobacter inujiclum (Fold) Bergey 
ot al. {Bacilhis inunctHs Pohl, Cent. f. 
Bakt.. 11, 1892, 143; Bacterium inunctus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 94; Bergey et. al., Manual, 
1st ed., 1923, 141.) From water. See 
Manual, 4th ed., 1934, 221 for a descrip¬ 
tion of this organism. 

Ac/jro7/io/)actcr lacUcum Bergey et al. 
(Kramer, Die Bakteriologie dcr Land- 
wirtschaft, 8, 1892, 24; Bergey et al.. 
Manual, 1st ed., 1923, 152.) From slimy 
milk. See Manual, 5th ed., 1939, 519 
for a description of this organism. This 
appears to refer to Loeffler’s slimy milk 
bacillus, more correctly known as Bac¬ 
terium pituilosurn Migula. 

Achromobacter larvae (Stutzer and 
Wsorow) Bergey et al. (Enterobacillus 
larvae Stutzer and Wsorow, Cent. f. 
Bakt., II Abt., 71, 1927, 119; Bergey et 
a!., Manual, 3rd ed., 1930, 227.) From 
intestinal tract of normal and diseased 
caterpillars of w'interwheat cutw’orm 
{Euxua segetum). See Manual, 5th ed., 
1039, 541 for a description of this organ¬ 
ism. 

Achromobacter liquidum (Frankland 
and Frankland) Bergey etal. {Bacillus 
iiquidus G. and P. Frankland, Ztschr. f. 

1889, 382; Bacterium liquidum 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 137; Pseudomonas liquida 
Chester, Man. Determ. Bact., 1901, 311; 
Bergey et al.. Manual, 1st ed., 1923,145.) 
From water. See Manual, 5th ed., 1939, 
511 for a description of this organism. 

Achromohacler litorale (Russell) 
Bergey et al. {Bacillus liloralis Russell, 
Ztschr. f. Hyg., 11 , 1891, 199; Bacterium 
litoralis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 94; Pseudomonas 
litoralis Migula, Syst. d. Bakt., 2, 1900, 
879; Bergey etal.. Manual, 1st ed., 1923, 
138.) See Manual, 6th ed., 1939, 503 for 
a description of this organi.sm. From 
mud bottom. Gulf of Naples. 


Achromobacter litorale var. 2, Bois and 
Roy. (Naturaliste Canadien, 71, 1945, 
250.) From intestine of the codfish 
{Gadus callarias L.). 

Achromobacter middlctownii (Chester) 
Bergey et al. (Species No. 53 of Conn, 
Storrs Agr. Exper. Sta., 7th Ann. Rept. 
for 1894,1895, 82; Bacterium ntiddletuivnii 
Chester, Man. Determ. Bact., 1901, 
147; Bergey et a!., Manual, 1st ed., 1923, 
151.) From milk. See Manual, 4th 
ed., 1934, 245 for a description of tliis 
organism. 

.lc/irowo6flcfcr mucidus .Vlford and 

McCleskcy. (Proo. Louisiana.Aoad.Sci., 
7, 1943, 25.) From crab meat liavitjg 
musty odor. 

.1 chrornobacter nijibeis u i Takeda. 
(Cent. f. Bakt., II Abt., 94, 1036, 48.) 
From fish hatchery water. Not patho¬ 
genic to salmon eggs. 

-4 chrornobacter jiitrovorum (Jensen) 
Bergey et al. {Bacterium nilrovorum 
H. Jensen, Cent. f. Bakt., II Abt., 4, 
1898, 450; Bergey et al., Manual, 1st 
ed., 1923, 154.) From liorse manure. 
See Manual, 4th ed., 1934 , 248 for a 
description of this organism. 

/lc/jromo6ac/er perolens Turner. (Aus¬ 
tralian Jour. Exp. Biol, and Med. Sci., 
4, 1927, 57.) From musty eggs. 

Achromobacter pestifer (Frankland and 
Frankland) Bergey et al. {Bacillus 
pestifer G. and P. Frankland, Philosoph. 
Trans. Roy. Soc., London, B, 178, 1888, 
277; Bacterium pestifer Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
96; Bergey et al., Manual, 1st ed., 1923, 
140.) From dust. See Manual, 5th ed., 
1939, 507 for a description of this or¬ 
ganism. 

Achromobacter pikowskyi Bergey et al. 
(Culture No. 25, Baranik-Pikowsky, 
Cent. f. Bakt., II Abt., 70, 1927, 373; 
Bergey et al.. Manual, 3rd ed., 1930, 
222 .) From sea water. See Manual, 
5th ed., 1939, 514 for a description of this 
organism. 

Achromobacter pinnatum (liavenel) 
Bergey et al. {Bacillus pinnatug 
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Ravenel, Memoirs Nat. Acad. Sci., 8, 

1896, 32; Bacterium pinnaUis Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 

1897, 72; Bergey et al., Manual, 1st ed., 
1923,142). From soil. S.e Manual, 4th 
ed., 1034, 223 for a description of this 
organism. 

Achromobacler ravenelii Bergey et al. 
{Bacillus geminus major Ravenel, Me¬ 
moirs Nat. Acad. Sci., S, 1896,27; Baci7- 
lus raveneli Chester, Man. Deterni. Bact., 
1901, 217; Bergey et al., Manual, 1st 
ed., 1923, 143.) From soil. Gibbons 
(Contrib. to Canadian Biol, and Fish., 
8, No. 22, 1934, 279) reports this species 
from the slime on cod {Gadus callarias). 
See Manual, 4th ed., 1934, 224 for a 
description of this organism. 

Achromohacier refractans (Wright) 
Bergey et al. {Bacillus refractans Wright, 
Mem. Nat. Acad. Sci., 7, 1894, 442; Bac¬ 
terium refractans Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 82; 
Bergey et al., Manual, 1st ed., 1923,150.) 
From water. See Manual, 4th ed., 1934, 
244 for a description of this organism. 

Achro?nobacter reticulare (Jordan) 
Bergey et al. {Bacillus reticularis 
Jordan, Rept. Mass. State Bd. of Health, 
1890, 834; Bergey et al., Manual, 1st 
ed., 1923, 144.) From the effluent of a 
septic tank. See Manual, 5th ed., 1939, 
510 for a description of this organism. 

Achrornobacter rodonatum (Ravenel) 
Bergey et al. {Bacillus rodonatus 
Ravenel, Memoirs Nat. Acad. Sci., 
8, 1896,40; Bacterium rodonatus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 83; Bergey et al.. Manual, 1st ed., 
1923, 150.) From soil. See Manual, 4th 
ed., 1934, 244 for a description of this 
organism. 

A chromohacter r ugos um (Cheste r) 
Bergey et al. (Species No. 27, Conn, 
Storrs Agr. Exp. Sta., 1893, 54; Bacillus 
rugosus Chester, ^lan. Determ. Bact., 
1901,220; not Bacterium rugosum Henrici, 
Arb. Bakt. Inst. Tech. Hochschule 
Karlsruhe, I, 1894, 43; not Bacillus 
rugosus Wright, Memoirs Nat. Acad. 


Sci., 7, 1895, 438; Bacterium geminus 
major Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 73; Bergey et al., 
Manual, 1st ed., 1923, 143.) From soil. 
See Manual, 4th ed., 1934 , 224 for a de¬ 
scription of this organism. 

Achrornobacter sewerinii Bergey et al. 
(Kultur No. 3, Sewerin, Cent. f. Bakt., 
II Abt., /, 1895, 162; Vibrio denitrificans 
Sewerin, Cent. f. Bakt., II Abt., 5,1897, 
517; Bergey et al.. Manual, 1st ed., 1923, 
140.) From horse manure. 

Achrornobacter solitarium (Ravenel) 
Bergey et al. {Bacillus solitarius Rave¬ 
nel, Memoirs Nat. Acad. Sci., 8, 1896, 29; 
Bacterium solitarius Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, d; 
Bergey et al., Manual, 1st ed., 1923,143.) 
From soil. Gibbons (Contrib. to Cana¬ 
dian Biol, and Fish., 8, No. 22, 1934, 279) 
reports this species from the slime on cod 
{Gadus callarias). See Manual, 5th ed., 
1939, 509 for a description of this or¬ 
ganism. 

Achromohacier slutzeri (Lehmann and 
Neumann) Bergey et al., {Bacillus deni- 
trificans //, Burri and Stutzer, Cent, f- 
Bakt., II Abt., 7. 1895, 392; Bacterium 
slutzeri Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 2, 1896,237; Bacillus nitrog- 
enes Migula, Syst. d. Bakt.,#, 1900,79 , 
Bacillus slutzeri Chester, Man. Determ. 
Bact., 1901, 225; Bergey et al., Manual, 
3rd ed., 1930, 207.) From horse manure. 
See Manual, 4th ed., 1934, 221 for a e 
scription of this organism. 

Achromohacier iiogense (Wright) er 
gey et al. {Bacillus tiogensis Wright. 
Memoirs Nat. Acad. Sci., 7, * 

Bacterium tiogensis Chester, Ann. 

Del. Col. Agr. E.xp. Sta., 9, 

Bergey et al., Manual, 1st ed., 19 , 

From water. See Manual, 4th ed., 1 » 

244 for a description of this 

Achrornobacter ubiquitum ( o** 

Bergey et al. {Bacillus 

Rept Mass. State Bd. of Health, 

830; Bacterium ubiquitus Chester, 

Rept. Del. Col. Agr. Exp. Sta., ’ 
144; Bergey et al., Manual, 1st ed.. 
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153.) From sewage, water and dust. thias). See Manual, -Ith cd., 193-1, 222 

See Manual, 5th ed., 1939, 517 for a de- for a description of tliis organism, 

scription of this organism. *-lc/iromo5ac^cr visco-symhioticutn (Hu- 

ylc/iromo6ac<er renenosum (Vaughan) chanan and Hammer) Bergey et al. 

Bergey et al. {Bacillus venenosus {Bacillus visco-symbioticiim Huelianan 

Vaughan, Amer. Jour. Med. Sci., W4, and Hammer, Iowa Agr. K.xp. Sta. Res. 

1892, 191; Bergey et al., Manual, 1st ed., Bull. 22, 1915, 261; Escherichia sytnbiot- 

1923, 141.) From water. Gibbons tea Bergey et al., Manual, 1st ed., 1923, 

(Contrib. to Canadian Biol, and Fish., 202; Bergey et al., 3rd ed., 1930, 209.) 

8, No. 22, 1934 , 279) reports this species From ropy milk. See Manual, 4th ed., 
from the slime on cod {Gadus callanas) 1934, 223 for a description of this organ- 
and the feces of dogfish {Squalus acan- ism. 

Genus HI. Flavobacterium Bergey et al.* 

(Bergey et al., Manual, 1st ed., 1923, 97; Flavobacter Stewart, Jour. Mar. Biol. 
Assoc. Un. Kingdom, 13, 1932, 41.) From Latin.^arus, yellow and bacterium, a small 
rod. 

Rods of medium size forming a yellow to orange pigment on culture media. Motile 
with peritriehous flagella or non-motile. Generally Gram-negative. Characterized 
by feeble powers of attacking carbohydrates, occasionally forming acid from hexoses 
but no gas. Occur in water and soil. 

The type species is Flavobacterium aquatile (Frankland and h'rankland) Bergey 
et al. 

Key to the species of genus Flavobacterium. 

I. Non-motile, and slow or no liquefaction of gelatin. 

A. Litmus milk unchanged. 

1. Nitrites not produced from nitrates. 

1. Flavobacterium aquatile. 

II. Motile with peritriehous flagella. 

A. Gelatin liquefied. 

1. Litmus milk unchanged. 

a. Nitrites produced from nitrates. 

2. Flavobacterium diffusum. 

3. Flavobacterium okeanokoites. 

4. Flavobacterium rigense. 
aa. Nitrites not produced from nitrates. 

b. From fresh water. 

5. Flavobacterium devorans. 

bb. From sea water. 

6. Flavobacterium marinotypicum. 

7. Flavobacterium marinovirosum. 

8. Flavobacterium halohydrum. 

9. Flavobacterium neptunium. 

* Partially rearranged before his death by Prof. D. H. Bergey, Philadelphia, 
Pennsylvania, Sept., 1937; further revision by Prof. Robert S. Breed, New York 
State Experiment Station, Geneva, New York, June, 1945. 
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2. Litmus milk alkaline. 

a. Nitrites produeed from nitrates. 

10. Flavohacterium suaveolens. 

11. Flavohacterium rhenaniis. 
aa. Nitrites not produced from nitrates. 

12. Flavohacterium marinum. 

13. Flavohacterium harrisonii. 

B. Gelatin not liquefied. 

1. Litmus milk unchanged. 

a. Nitrites not produced from nitrates. 

14. Flavohacterium invisible. 

2. Litmus milk acid. 

a. Nitrites not produced from nitrates. 

15. Flavohacterium laclis. 


III. Non-motile. 


A. Gelatin liquefied. 

1. Litmus milk unchanged. 

16. Flavohacterium sewanense. 

2. Litmus milk reduced. 

a. Nitrites not produced from nitrates. 

17. Flavohacterium arhoresceus. 

3* Litmus milk alkaline. 

a. Nitrites produced from nitrates. 

18. Flavohacterium lutescens. 

19. Flavohacterium fucatum. 

4. Litmus milk peptonized. 

a. Nitrites not produced from nitrates. 

20. Flavohacterium esteroaromaticum 

5. Litmus milk acid. 

a. Nitrites produced from nitrates. 

21. Flavohacterium. balustinum. 

22. Flavohacterium dormitator. 

6. Action on litmus milk not recorded. Rust-colored on blood agar. 

23. Flavohacterium ferrugineum. 

B. Gelatin not liquefied. 

1. Litmus milk unchanged. 

a. Nitrites produced from nitrates. 

24. Flavohacterium proteus. 
aa. Nitrites not produced from nitrates. 

25. Flavohacterium hreve. 

26. Flavohacterium solare. 

C. Action on gelatin not recorded. 

1. Litmus milk unchanged. 

a. Nitrites produced from nitrates. 

27. Flavohacterium flavotenue. 


1. Flavobacterium aquatlle (Frank- 
land and Frankland) Bergey et al. 
{Bacillus aquaiilis G. and P. Frankland, 


Ztschr. f. Hyg., 6, 1889. 381; 
aquatilis Chester, Ann. Rept- 1^6 • 
Agr. Exp. Sta., S, 1897, 96; Bergey 
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al., Manual. 1st ed., 1923, 100.) From 
I>atin aquaiilis, aquatic. 

Description taken from Frankland and 
Frankland and from studies by Dr. E. 
Windle Taylor, Metropolitan Water 
Board, London, on freshly isolated 
cultures. 

Rods: 0.5 by 2.5 microns, with rounded 
ends, occurring singly, in pairs and in 
chains. Oscillatory movement only; long 
threads often remaining motionless 
(Franklands). Gram-negative (Taylor). 

Gelatin colonies: Centeryellow-brown, 
with radiate arrangement of bundles of 
threads. Colorless margin. Very slow 
liquefaction (none in 6 weeks, Taylor). 

Gelatin stab: Yellow surface growth. 
Slow liquefaction. 

Agar slant: Yellow, smooth, glistening 
limited growth. 

Broth: Turbid with whitish sediment. 
No pellicle. 

Litmus milk: Unchanged (Taylor). 

Potato: Limited, yellow streak to no 
growth. 

Indole not formed (Taylor). 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Distinctive characters: Resembles 

lavobacterium arborescens microscopi¬ 
cally; easily distinguished from this 
organism by its much slower and limited 
growth on ordinary gelatin and agar 
media, the marked difference in the 
appearance of colonics and the inability 
of Flavobacterium aquatile to produce 
more than a limited growth on potato. 

Source: Isolated from the water of 
deep wells in the chalk region of Kent, 
England where it occurred as a practically 
pure culture. Found abundantly and re¬ 
isolated by Taylor, 1941 from the same 
sources (personal communication). 

Habitat: Water. 

Note: The peritrichous, nitrate re¬ 
ducing and ammonia producing organism 
identified by Bergey (loc. cil.) in 1923, as 
^ lavobaclerium aquatile appears to have 
been something resembling Flavohac- 
Urium dijfuaum. 


2. Flavobacterium diffusum (Frank¬ 
land and Frankland) Bergey et al. 
(Bacillus dijfusus G. and P. Frankland, 
Ztschr. f. Hyg., 6, 1889, 396; Bacterium 
diffusus Chester, Ann. Kept. Del. Col. 
•\gr. Exp. Sta., 9, 1897, 97; Bergey et al.. 
Manual, Isted., 1923, 100.) From Latin 
dijfusus, spreading out, diffuse. 

Description completed from Harrison 
(Canadian Jour. Res., i, 1929, 233) as 
indicated. 

Rods: 0.5 by 1.5 microns, occurring 
singly and in chains. Motile, possessing 
peritrichous flagella. Gram-negative 
(Harrison). 

Gelatin colonies: Thin, bluish-green, 
spreading, later faint yellow. 

Gelatin stab: Thin, glistening, yellow¬ 
ish-green surface growth. Slow crateri- 
form liquefaction. 

Agar slant: Thin, light yellow, glisten¬ 
ing. 

Broth: Turbid, with greenish-yellow 
sediment. 

Litmus milk: Unchanged (Harrison). 

Potato: Thin, smooth, greenish-yellow, 
glistening growth. 

Indole not formed (Harrison). 

Nitrites produced from nitrates (Har¬ 
rison). 

Slight acidity from glucose. No acid 
from sucrose and lactose (Harrison). 

Aerobic, facultative. 

Optimum temperature 25® to 30®C. 

Source: Originally found in soil. 
Found also by Tataroff (Die Dorpater 
Wasserbakterien, Dorpat, 1891, 58) in 
fresh water and by Harrison (loc. cil.) 
from skin of halibut from both the At¬ 
lantic and Pacific shores of Canada. 

Habitat: Soil, fresh and sea waters, 

3. Flavobacterium okeanokoites Zo- 
Bell and Upham. (Bull. Scripps Inst, 
of Oceanography, Univ. Calif., 6, 1944, 
270.) From Greek Oceanits, the ocean 
god, the ocean and coites, bed. 

Rods: 0.8 to 0.9 by 1.2 to 1.6 microns, 
with rounded ends, many coccoid, oc- 
ciirring singly and in long chains. 
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Motile by means of peritrichous flagella. 
Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies; Small, circular, con¬ 
vex, entire, rust or orange colored, digest 
gelatin. 

Gelatin stab: Slow napiform liquefac¬ 
tion, yellow growth. 

Agar colonies: 2 mm, circular, entire, 
smooth, convex. 

Agar slant: Moderate, filiform, glisten¬ 
ing, butyrous growth with yellow pig¬ 
ment. 

Sea-water broth: No pellicle, moderate 
turbidity, moderate viscid sediment. 

Fresh-water broth: Good growth. 

Litmus milk; No visible change. 
Casein is digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites slowly produced from nitrates. 

Does not produce acid or gas from 
glucose, lactose, maltose, sucrose, glyc¬ 
erol, mannitol, xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide is formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Marine mud. 

Habitat: Sea water. 

4. Flavobacterium rigense Bergey et 
al. {Bacillus bruniieus rigensis Bazarew- 
ski, Cent. f. Bakt., II Abt., 16, 1905, 1; 
Bergey et al., Manual, 1st ed., 1923, 
100.) From Riga, the name of the city 
where the species was isolated. 

Rods: 0.75 by 1.7 to 2.5 microns, occur¬ 
ring singly. Motile, possessing peri¬ 
trichous flagella. Gram-negative. 

Gelatin colonies: Circular, entire to 
undulate, grayish-white, homogeneous. 

Gelatin stab: Smooth, yellowish sur¬ 
face growth. Infundibuliform liquefac¬ 
tion. Brownish-yellow sediment. 


Agar slant: Narrow, w’hitish streak, be¬ 
coming yellowish-brown, spreading. 
Pigment is water and alcohol soluble. In¬ 
soluble in ether. 

Broth: Turbid with pellicle and brown¬ 
ish sediment. Cells capsulated. 

Litmus milk: Unchanged. 

Potato: Yellow, spreading growth. 
The growth turns brownish. 

Hydrogen sulfide not formed. 

Indole not formed. 

Nitrites produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 30®C. Brown¬ 
ish colors develop best at lower tempera¬ 
tures. Orange-yellow colors develop best 
at 37®C. 

Habitat: Soil. 

5. Flavobacterium devorans (Zimmer- 
niann) Bergey et al. {Bacillus devorans 
Zimmermann, Bakt. unserer Trink- u. 
Nutzwiisser, Chemnitz, /, 1890, 48, 
Bacterium devorans Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 96; 
Bergey et al.. Manual, 1st ed., 1923,102.) 
From Latin devorans, devouring. ^ 
Characters added to Zimmermann s 
description by Bergey {loc. cii.) from his 
private notes are indicated. Steinhaus 
(Jour. Bact., 1941, 771) apparently 

found the same organism. 

Rods: 0.7 by 0.9 to 1.2 microns, occur¬ 
ring singly, in pairs and chains. Moti e 
(Zimmermann), possessing peritrichous 
flagella (Bergey). Gram-negative ( 
mermann). 

Gelatin colonies: Circular, white, 
ular to filamentous, becoming yellowis 

gray. ... ^ 

Gelatin stab: Slow infundibuliform 

liquefaction. 

Agar slant: Thin, gray, spreading- 
Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: No growth (Zimmerman 

Yellowish-gray streak (Bergey). 

Indole not formed. •*—ips 

Nitrites not produced from m 

(Bergey). 
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Aerobic, facultative. 

Optimum temperature 25® to 30®C. 

Source: From water at Chemnitz (Zim- 
mermann). From water (Bergey). 
From alimentary tract of the nine-spotted 
lady beetle {Coccinella novemnolata 
Habst.) (Steinhaus). 

Habitat: Water. 

6. Flavobacterium marlnotypicum Zo- 
Bell and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5, 1944,268.) 
From Latin maHnus^ of the sea and lypi- 
cusy typical. 

Rods: 0.5 to 0.7 by 1.4 to 2.0 microns, 
occurring almost entirely as single cells. 
Motile by means of four or more peri- 
trichous flagella. Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Very minute, yellow, 
with slow liquefaction. 

Gelatin stab: Crateriform liquefaction 
becoming stratiform. Filiform along line 
of slab. 

Agar colonies: Minute, circular, entire, 
convex, yellow. 

Agar slant: Scanty, filiform, butyrous, 
shiny growth with yellow pigment. 

Sea-water broth: Scanty, yellowish 
pellicle, heavy turbidity, slight viscid 
sediment. 

Fresh-water broth: Good growth. 

Litmus milk: Decolorized, neutral, 
greenish pellicle, slow peptonization. 

Potato: Abundant, shiny, greenish-yel¬ 
low growth. Potato darkened. 

Indole not formed. 

Nitrites not produced from nitrates. 

Produces acid but no gas from glucose 
and glycerol. Docs not ferment lactose, 
sucrose, mannitol, xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide is formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 


Optimum temperature 20® to 25®C. 

Source: Sea water and marine mud. 

Habitat: Sea water. 

7. Flavobacterium marinovirosum Zo- 

Bell and Upham. (Bull. Scripps. Inst, 
of Oceanography, Univ. Calif., 5, 1944, 
271.) From Latin marinu$, of the sea, 
and virosxis, covered with slimy liquid or 
ooze. 

Rods: 0.7 to 0.8 by 0.8 to 2.8 microns, 
with rounded ends, occurring singly and 
in long chains. Motile by means of peri- 
trichous flagella. Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonics: Small, circular, 
raised, rust-colored. Slowly digest gel¬ 
atin. 

Gelatin stab: Crateriform liquefaction 
becoming stratiform. Light orange pig¬ 
ment. 

Agar colonies: 1 to 2 mm, circular, con¬ 
vex, entire, smooth. 

Agar slant: Moderate, filiform, glisten¬ 
ing, mucoid growth with grayish-yellow 
pigment. 

Sea-water broth: Heavy turbidity, no 
pellicle, abundant viscid sediment. 

Fresh-water broth: Good growth. 

Litmus milk: No visible change. 
Casein is digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Does not ferment glycerol, glucose, 
lactose, maltose, sucrose, mannitol, 
xylose, or salicin. 

Starch not hydrolyzed. 

Hydrogen sulfide is formed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Sea water and marine mud. 

Habitat: Sea water. 

8. Flavobacterium halohydrlum ZoBcll 
and Upham. (Bull. Scripps Inst, of 
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Oceanography, Univ. Calif., 5,1944, 278.) 
From Greek hals, salt and hydror, water. 

Short rods: 0.6 by 0.8 to 1.0 microns, 
occurring singly. Motile by means of 
many peritrichous flagella. Gram-nega¬ 
tive. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Small, circular, 
orange. 

Gelatin stab: Napifomi liquefaction 
becoming crateriform. Beaded along line 
of stab. 

Agar colonies: 2 mm, pulvinate, circu¬ 
lar, entire, smooth. 

Agar slant: Moderate, glistening, echin- 
ulate, butyrous growth with yellow pig¬ 
ment. 

Sea-water broth: Yellow surface ring, 
heavy turbidity, moderate viscid sedi¬ 
ment. 

Fresh-water broth: No visible growth. 

Litmus milk: No visible change. 
Casein not digested. 

Very poorly tolerant of increases or de¬ 
creases in salinity. 

Potato; No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Produces acid but no gas from glucose, 
lactose, maltose, sucrose, and salicin. 
Does not ferment glycerol, mannitol, or 
xylose. 

Starch is hydrolyzed. 

Hydrogen sulfide not iormed. 

Ammonia produced from peptone but 
not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Sea water and marine mud. 

Habitat: Sea water. 

9. Flavobacterlum neptunium ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 6, 1944,278.) 
From Latin Neptunius, god of the sea. 

Rods: 0.5 to 0.6 by 1.6 to 4.5 microns, 
many bent rods, occurring singly and in 


short chains. Motile by means of long, 
peritrichous flagella. Gram-negative. 

All media except the fresh-water broth, 
litmus milk, and potato were prepared 
with sea water. 

Gelatin colonies: Small, circular, 
darker centers, sink in gelatin, faintly 
yellow. 

Gelatin stab: Slow napiform liquefac¬ 
tion. Filiform growth along line of stab. 

Agar colonies: 2 mm, circular, smooth, 
entire, convex, dark centers with buff 
pigment. 

Agar slant: Luxuriant, echinulate, glis¬ 
tening, slightly mucoid growth with buff 
to yellow pigment. Agar discolored 
brown. 

Sea-water broth: Heavy pellicle, 
scanty turbidity, scanty sediment. 

Fresh-water broth: No visible growth. 

Litmus milk: No visible change. 
Casein not digested. 

Potato: No visible growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Produces acid but no gas from glucose, 
lactose, maltose, and salicin. Docs not 
ferment glycerol, mannitol, xylose, or 
sucrose. 

Starch is hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 

not from urea. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Marine bottom deposits. 

Habitat: Sea water. 


10. Flavobacterlum suaveolens Soppe- 
nd. (Jour. Agr. Res., 28, 1924, 275.) 
rom Latin suaveolens, of a sweet odor. 
Rods: 0.6 to 0.8 by 1.0 to 1.2 microns, 
ith rounded ends, occurring singly an 
1 pairs. Motile, with peritrichous Ha- 
:lla. Gram-negative on plain 
mm-T»nsitive in voUDg culture on m* 


powder agar. 

Gelatin stab: Rapid stratiform liq«« 
faction. Medium becomes brown. 
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Agar colonies: Small, circular, smooth, 
yellow, amorphous, undulate margin. 

Agar slant: Moderate, flat, glistening, 
opaque, butyrous, yellow, with aromatic 
odor. 

Broth; Turbid with scanty sediment. 
Aromatic odor, becoming cheesy. 

Litmus milk: Peptonized. Alkaline. 
Potato: Abundant, yellow, glistening, 
becoming brown. 

Indole formed. 

Nitrites arc produced from nitrates. 
Hydrogen sulfide formed. 

Slight acid but no gas from glucose, 
sucrose and glycerol. No acid from lac¬ 
tose. 

Starch hydrolyzed. 

Blood serum is liquefied. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Source: Dairy wastes. 

Habitat: Unknown. 

11. Flavobacterium rhenanus (Migula) 
Bergey et al. (Rhine water bacillus of 
Burri, Franklaud and Frankland, Micro¬ 
organisms in Water, 1894, 483; Bacillus 
rhenanus Migula, Syst. d. Bakt., ;2,.1900, 
713; Bacillus rhe?ii Chester, Manual De- 
term. Bact., 1901, 251; Bergey et al., 
Manual, 1st ed., 1923, 103.) Named for 
the Rhine River. 

Characters added to Burri's descrip¬ 
tion by Bergey {loc. cit.) from his private 
notes arc indicated. Stcinhaus (Jour. 
Bact., 1941,771) apparently found the 
same organism and has added other char¬ 
acters. 

Rods: 0.7 by 2.5 to 3.5 microns, with 
rounded ends, occurring singly and in 
chains (Burri). Motile,possessing peri- 
trichous flagella (Bergey). Gram-nega¬ 
tive (Bergey). 

Gelatin colonies: Convex, colorless, 
transparent, becoming yellowish. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonics: Small, smooth, convex, 
entire. 

Glycerol agar slant: Thin, shining, 
honey-colored. Growth dry and tough. 


Broth: Turbid, with orange-colored 
pellicle and sediment. 

Litmus milk: Soft coagulum, becoming 
slightly alkaline with yellow ring. 

Potato: Moist, glistening, thin, flat, 
orange to rust-colored. 

Indole not formed (Bergey). 

Nitrites produced from nitrates (Ber- 
gey). 

Acid from glucose, maltose, and su¬ 
crose but not lactose (Stcinhaus). 

No hydrolysis of starch (Stcinhaus). 

No ILS produced (Stcinhaus). 

Aerobic facultative. 

Optimum temperature 3()®C. 

Source: From Rhine River water 
(Burri). From water (Bergey). From 
eggs in ovary of a walking stick 
{Diapheromera femorataSay) (Stcinhaus). 

Habitat: Presumably widely distrib¬ 
uted in nature. 

12. Flavobacterium marinum Harri¬ 
son. (Canadian Jour, of Research, I, 
1929, 234.) From Latin marinus, per¬ 
taining to the sea. 

Rods: 0.8 by 1.2 to 1.3 microns, with 
rounded ends. Occur singly and in 
pairs. Motile with 4 to 5 peritrichous 
flagella. Encapsulated. Gram-variable. 
Show blue granules in Gram-negative 
rods. 

Gelatin colonies: Circular, iridescent, 
whitish margin with pale yellow center. 
Liquefaction. 

Gelatin stab: Saccate to stratiform 
liquefaction. 

Agar colonies: Circular, pale yellow, 
smooth, convex, granular, reticulate edge. 

Agar slant: Amber-yellow, slightly 
raised, spreading, smooth, glistening, 
transparent. 

Ammonium phosphate agar: Scant 
growth. 

Broth: Turbid, sediment. 

Litmus milk: Alkaline. Digestion 
without coagulation. Clear serum. 

Potato: Abundant, amber-yellow, be¬ 
coming dirty yellow, spreading, glisten¬ 
ing. 
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Indole not formed. 

Nitrites not produced from nitrates. 
Trace of ammonia formed. 

Faint acidity from glucose. No action 
on lactose or sucrose. 

Ix)cfflcr’s blood serum not liquefied. 
Faint yellow spreading growth. 

No HiS formed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Isolated from living halibut 
obtained at 30 to 50 fathoms, Pacific 
Ocean. Gibbons (Contrib. to Canadian 
Biol, and Fish., 8, No. 22, 1934, 279) re¬ 
ports this species as occurring in the slime 
and feces of cod {Gadus callarias), hali¬ 
but {Jlippoglossus hippoglossus) and 
skate {Raja erinacea). 

Habitat: Skin and feces of fishes. 

13. Flavobacterium harrisonii Bergey 
et al. (Variety No. 6, Harrison, Rev. 
g6n. du Lait, 5, 1905, 129; Bacillus laciis 
harnsonii Conn, Esten and Stocking, 
Ann. Kept. Storrs Agr. Exp. Sta., 1906, 
169; Bergey et al., Manual, 1st ed., 1923, 
104.) Named for Prof. F. C. Harrison, 
the Canadian bacteriologist who first iso¬ 
lated this species. 

Rods: 0.25 to 0.75 by 0.3 to 3.5 microns, 
occurring singly and occasionally in short 
chains. Motile, possessing peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Small, gray, glisten¬ 
ing, lobular, citron-yellow, slimy. 

Gelatin stab: Villous growth in stab. 
Slow crateriform to napiform liquefac¬ 
tion. 

Agar slant: Luxuriant, viscous, spread¬ 
ing, becoming dirty, to brownish citron- 
yellow. 

Broth: Turbid, with viscid ring and 
gelatinous sediment, sweetish odor, al¬ 
kaline. 

Litmus milk: Colorless to gray and 
slimy, becoming yellow, alkaline. 

Potato: Luxuriant, yellow, spreading, 
slimy. 

Indole not formed. . 

Glucose, lactose, maltose and sucrose 
broth turn alkaline with a disagreeable 


odor. Reaction of glycerol broth remains 
neutral. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Source: Slimy milk. 

Habitat: Unknown. 

14. Flavobacterium Invisibile(Vaughan) 
Bergey et al. {Bacillus invisibUis 
Vaughan, American Jour. Med. Sci., 104, 
1892, 191; Bacterium invisibUis Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 77; Bergey ct al., Manual, 1st ed., 
1923, 109.) From Ij\tin invisibUis, not 
visibile. 

Rods: 0.6 to 0.7 by 1.2 to 2.0 microns, 
occurring singly. Motile, possessing 
peritrichous flagella. Gram-negative. 

Gelatin colonies: Pale yellow, burr- 
like, with irregular margin. 

Gelatin stab: Scanty growth on surface. 
Good growth in stab. No liquefaction. 

Agar colonies: White, convex, smooth, 
serrate. 

Agar slant: Limited, thick, white 
streak. 

Broth; Turbid. 

Litmus milk: Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 35®C, 

Habitat: Water. 

15. Flavobacterium lactls Bergey et al. 

{Bacillus aromaticus laciis Grimm, Cen 
f. Bakt., II Abt., 8, 1902, 584; 
aromaticus Grimm, ibid., 589, n® 
Bacillus aromaticus Pammel, Bui • » 

Iowa Agr. Exp. Sta., 1893, 792; 

et al., Manual, 1st ed., 1923,108.) ^ 

X^atin lac, milk. 

Rods: 0.7 to 1.0 by 3-5 to 4.0 ’ 

occurring singly, in pairs and in c 
Motile, possessing peritrichous n^ge 

Gram-negative. . 

Gelatin colonies: Circular, light ye ' 
slimy. Concentrically ringed, un 
Gelatin stab; Slimy surface pow 

No liquefaction. 
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Agar slant: Slimy, yellowish, smooth, 
moist. 

Broth: Turbid, with abundant sedi¬ 
ment. 

Litmus milk: Slightly acid. 

Potato: Thick, slimy, brownish, with 
yellowish margin. 

Indole not formed. 

Nitrites not produced from nitrates. 

Cultures have pleasant odor. 

Aerobic, facultative. 

Optimum temperature 25°C. 

Source: Isolated from milk. 

Habitat: Unknown. 

16. Flavobacteriuin sewanense (Ka- 
lantarian and Petrossian) Bergey et al. 
{Bactenum sewanense ICalantarian and 
Petrossian, Cent. f. Bakt., II Abt., 85, 
1932, 431; Bergey et al., Manual, 4th ed., 
1934,160.) From M. L., Sevan, a lake in 
Armenia. 

Straight or curved rods: 1.0 to 2.0 by 
4.0 to 5.0 microns on Molisch's agar; on 
meat extract agar and potato agar they 
are short or even coccoid. Ends rounded, 
occurring singly or in pairs. Non-motile. 
Gram reaction not given. Presumably 
negati ve. 

Gelatin stab: Slow liquefaction. 

Agar colonies: Circular, raised, glisten¬ 
ing, dirty white. Deep colonies yellow 
and lens-shaped. 

Agar slant: Abundant, dirty yellow, 
glistening, raised. 

Broth: Turbid with cliaractcriatic 
growth forms. Pellicle formed in old cul¬ 
tures. 

Milk: Unchanged. 

Potato: Yellow, raised, glistening, with 
darkening of the medium. 

No visible gas produced from carbo¬ 
hydrates. 

Crystals of calcium carbonate form in 
old cultures on CaClj and Molisch’s agar. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source; Isolated from pellicle formed 
on surface of fish infusions in Lake Sevan 
and tap waters containing 1 per cent 
CaCl,. 


Habitat: Sea water. Thought to pro¬ 
duce deposits of CaCOa in Lake Sevan, 
S. S. R. Armenia. 

17. Flavobacterium arborescens 
(Frankland and Frankland) Bergey et al. 
(Bacillus arborescens Frankland and 
Frankland, Ztschr. f. Hyg., 6, 18S9, 379; 
also see Tils, Ztschr. f. Hyg., 9 , 1890, 312; 
Zimmerrnann, Bakt. unserer Trink- u. 
Nulzwiissor, 2, 1894, 20; and Wright, 
Mem. Nat. Acad. Sci., 7, 1894, 446, var. 
a and b; Bacterium arborescens Chester, 
.Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897,106; Migula, S 3 'st. d. Bakt., 2 , 1900, 
468 uses Bacillus arborescens in the text 
by mistake as Bacterium is used for other 
species in the genus and Bacterium ar¬ 
borescens is used in the index, p. 1058; 
not Bacillus arborescens Chester, Man. 
Dctenn. Bact., 1901,249; Eri/throbacillus 
arborescens Holland, Jour. Bact., 5, 1920, 
217; Bergey et al., Manual, 1st ed., 1923, 
113.) From 1.4itin arborescens, becoming 
a tree or tree-like. 

Rods: 0.5 by 2.5 microns, occurring 
singly and in chains. Non-motile (Frank- 
lands). Gram-negative (Zimmerrnann). 

Gelatin colonics: Radiate branching 
filaments. Center yellowish, border 
translucent. 

Gelatin stab: Liquefied with yellow 
deposit. 

Agar slant: Dirty orange growth. 

Broth: Turbid, with orange sediment. 
No pellicle. 

Litmus milk: Slow coagulation; litmus 
reduced. Reaction unchanged (Wright). 

Potato: Deep orange, luxuriant growth. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

May belong to Corynebaclerium (Leh¬ 
mann and Neumann, Bakt. Diag., 7 Aufi. 
2, 1927, 709). 

Source: From river and lake water. 

Habitat: Water. 

17a. Bacillus arborescens Chester. 
(Bacillus arborescens non-liquefaciens 
Ravenel, Mem. Nat. Acad. Sci., 8, 1896, 
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39; Bacterium arhorcsccn-'i non-lique- 
faciens Chester, Ann. Kept. Del. Co!. 
Agr. Exp. Sta., 9, 1S07, 103; not Bac¬ 
terium arborcscens uon-liquej'acieris von 
Rigler, Hyg. Rund., 12, 1902, 479; Ches¬ 
ter, Man. Determ. Hact., 1901, 219.) 
Regarded by author as a non-liquefying 
strain of Bacillus arhorescens Frunkland 
and Frankland. Not a yellow eliroino- 
gen. From soil. 

18. Flavobacterium lutescens (Mig- 
ula) Bergey et al. (Dor gclbe Baeillus, 
Lustig, Diagnostik der Baktcricn des 
Wassers, 1893, 78; Bacterium lutescens 
Migulu, Syst. d. Bakt., 2, 1900, 476; 
Bergey et al.. Manual, 1st ed., 1923, 114.) 
From Latin lutum, yellow; lutescens, be¬ 
coming yellowish. 

Rod.s: 0.5 by 0.95 micron, occurring 
singly and in pairs. Non-motile. Gram¬ 
negative. 

Gelatin colonies: Circular, yellow, 
lobate. 

Gelatin stab: Slow liquefaction. 

Agar slant: Pale yellow, becoming 
golden yellow. 

Broth: Turbid. 

Litmus milk: Alkaline. 

Potato: Luxuriant, golden-yellow 

growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30® to 35®C. 

Source: From water. Gibbons (Con- 
trib. to Canadian Biol, and Fish., 8, No. 
22, 1934, 279) reports this species as oc¬ 
curring in the slime of the cod {Gadus 
callarias). 

Habitat: Fresh and salt water. 

19. Flavobacterium fucatum Harrison. 
(Canadian Jour, of Research, 1, 1929, 
232.) From Latin fucattis, painted, col¬ 
ored. 

Rods: 0.8 to 1.0 by 2.5 to 3.5 microns, 
slightly bent, with rounded ends. Gran¬ 
ular with diphtheroid forms at 37®C. Non- 
motile. Gram-negative. 


Gelatin colonies: Circular, j'ellow, en¬ 
tire, paler at edges. 

Gelatin stab: Crateriform liquefaction. 

Agar colonies: Circular, buff-yellow, 
smooth, shiny, convex to pulvinate, gran¬ 
ular, entire. 

Agar slant: Moderate, light bufT-ycllow. 
spreading, shiny, smooth. 

.Vmmonium phosphate agar: Good 
growth in 6 days. 

Broth : Turbid, becoming clear, pellicle 
and yellow sediment. 

Litmus milk: Alkaline. Peptonized. 
Clear scrum. Yellow sediment. 

Potato: Abundant, pale buff-yellow, 
smooth, spreading, becoming orange-yel¬ 
low. 

Indole not formed. 

Nitrites produced from nitrates. 

Traces of ammonia formed. 

No acid from glucose, lactose or suc¬ 
rose. 

Ijoeffler's blood serum not liquefied. 
Light bulT-yclIow growth becomingochra- 

ecus salmon. 

No IIvS formed. 

Aerobic, facultative. 

Optimum temperature 20® to 25 C. 

Source; Repeatedly isolated from living 
halibut obtained at 30 to 50 fathoms, 
Pacific Ocean. Also isolated by Gibbons 
(Contrib. to Canadian Biol, and Fish., , 
No. 22, 1934, 279) from cod (Gadus 
callarias) and dogfish acan 

thias). 

Habitat: Skin of fishes. 


ao. Flavobacterium esteroaromatIc«® 
'melianski) Bergey et al. 
eroaromaticum Omclianski, Jour, c » 

1923, 407; Bergey et al., Manual, 
1930, 149.) From M- L., ester an 

cek aromaticus, aromatic. 

Rods: 0.5 by 1.0 to 3.0 microns^ 

)tile. Gram reaction not ^corded. 
Gelatin stab: Crateriform liquefac i 

th odor of musk melons. 

Agar colonies: Circular, yellow 

th fimbriate margin and a fruit> aro 
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Broth: Turbid, slight sediment. Faint 
fruity aroma. 

Litmus milk: Peptonized. Clieesy 
odor. 

Potato: .Abundant growth. Disagree¬ 
able odor. 

liOeffler’s blood serum: Liquefied. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia formed. 

Hydrogen sulfide formed. 

Fat hydrolyzed. 

Methylene blue reduced. 

No acid from carbohydrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Accidental contaminant in rab¬ 
bit brain containing rabies virus. 

Habitat: Presumably widely distrib¬ 
uted. 

21. Flavobacterium balustinum Harri¬ 
son. (Canadian Jour. Research, I, 1929, 
234.) 

Rods;0.6 by 2.0 to 4.0 microns, forming 
short chains. Non-motile. Gram-nega¬ 
tive. 

Gelatin colonies: Circular, bright yel¬ 
low center, entire. 

Gelatin stab: Liquefied. 

Agar colonies: Puncliforin, cadmium- 
yellow, convex, shiny, transparent. 

Agar slant: Egg yolk-yellow, semi¬ 
transparent streak, smooth, shiny, be¬ 
coming brownish-yellow. 

Ammonium phosphate agar: Slight yel¬ 
low growth. 

Broth: Turbid, with yellow sediment. 

Litmus milk; Slightly acid with yellow 
sediment. 

Potato: Scant, yellow growth. 

Indole not formed. 

Nitrites (trace) produced from ni¬ 
trates. Ammonia not formed. 

Faint acidity from glucose. No action 
on lactose or sucrose. 

Loeffler's blood serum not liquefied. 
Egg yolk-like growth. 

No HiS formed. 

Aerobic, facultative. 


Optimum temperature 20® to 25®C. 

Source; Isolated from living halibut 
obtained at 30 to 50 fathoms, Pacific 
Ocean. 

Habitat: Skin of fishes. 

22. Flavobacterium dormitator 

(Wrigiit) Bergey et al. {Bacillus dormi- 
tator Wright, Memoirs Nat. Acad. Sci., 7, 
1895, 442; Bacterium dorjuitator Chester, 
Ann. Kept. Del. .Agr. E.\p. Sta., .9, 1897, 
100; Bergey et al., Manual, 1st ed., 1923, 
115.) From I.^tin dormitator, one who 
sleeps. 

Description completed from Harrison 
(Canadian Jour. Res., 7,1929, 233) whose 
cultures differed in some particulars 
from Wright's. 

Rods with conical ends, occurring 
singly, in pairs and in chains. Non-mo¬ 
tile. Gram-negative (Harrison). 

Gelatin colonies: Small, yellow, slightly 
granular, liquefying. 

Gelatin stab: Infundibuliform lique¬ 
faction, yellow sediment. 

Agar slant: Yellow, glistening, translu¬ 
cent. 

Ammonium phosi>hate agar: Slight yel¬ 
low growth. 

Broth : Turbid, with slight pellicle and 
yellow' sediment. 

Litmus milk: Slightly acid; litmus re¬ 
duced. Harrison reports no reduction. 

Potato: Slight, transparent, yellow 
grow'th. 

Indole not formed (Harrison). 

Nitrite (trace) produced from nitrates 
(Harrison). 

Acid from glucose, sucrose, glycerol and 
mannitol. No acid from lactose, raffinose, 
and inulin (Harrison). 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Originally isolated from fresh 
water at Philadelphia. Later isolated by 
Harrison (loc. cil.) from skin of halibut 
taken in Pacific ocean off Canada. Gib¬ 
bons (Contrib. to Canadian Biol, and 
Fish., 8, No. 22, 1934, 279) reports this 
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Species as occurring in the slime of a had¬ 
dock (Melanograrnmus aeglefinus). 

Habitat: Fresh and salt water. 

23. Flavobacterium ferrugineum Sick- 
lesand Shaw. {Jour. Bact., 28, 1934, 421.) 
From TuHiin ferriKjineus, resembling rn.st. 

Small, slender rods: Less than 0.5 by 
0.7 to 1.0 micron, occurring singly and in 
pairs. Non-motilc. Gram-negative. 

Gelatin: Liquefaction in one week at 
37®C;at room temperature liquefaction 
slower, napiform; yellow sediment along 
line of puncture. 

Blood agar colonies: Dull, rust-colored, 
1 mm in diameter, round, entire, umbili- 
cate, rather dry. 

Agar colonics: Similar to blood agar 
colonies but yellowish-gray in color. 

Blood agar slants: Moderate growth, 
rust-colored, rather dry. 

Agar slants: Growth very slight, thin, 
yellowish-gray. 

Beef-infusion broth : No growth. 

Beef extract broth : Moderate even tur¬ 
bidity. Adding type-specific carbohy¬ 
drate results in a heavier growth with 
yellow sediment. 

Potato: Moderate growth, bright orango 
in color. Potato darkened. 

Very active hydrolysis of starch. 

Acid but no gas from glucose, lactose, 
sucrose, maltose, dextrin and inulin; very 
slight action on mannitol; no action on 
salicin. 

Limits of growth: Optimum pH 7.0 to 
7.5. Minimum 6.5. Maximum 9.0. 

Temperature relations: Optimum 35® 
to 37®C. Minimum 22®C. Maximum 
39®C. Thermal death point 52®C for 10 
minutes. Enzyme produced by strain 
against pneumococcus carbohydrate with¬ 
stands 56®C for 10 minutes. 

Facultative aerobe. 

Distinctive character: Decomposes the 
non-type-specific carbohydrate obtained 
from a degraded type I pneumococcus. 

Source: Several strains isolated from 
swamps and other uncultivated soils. 

Habitat: Soil. 


24. Flavobacterium proteus Shimwell 
and Grimes. (Bacterium Y. Shimwell 
and Grimes, Jour. Inst. Brewing, 4^, N.S. 
23, 193G, 119; Shimwell and Grimes, 

34S.) From Latin Proteus, a sea god who 
often changed in form. 

Rods: 0.8 to 1.2 bv 1.5 to 4.0 microns, 
occurring singly or in chains, and having 
rounded ends. Highly pleomorphic. 
Thickened filaments and spindle-shaped 
.swellings common. Probablv non-motile. 
Gram-negative. 

Wort-gelatin plate: Surface colonies 
irregular, up to 1 mm in diameter, gray¬ 
ish-white or yellowish, flat or slightly 
raised, margin entire to lobatc or crenate. 
Deep colonics circular, small, yellowish. 

Wort-gelatin streak ; Scanty, filiform or 
beaded, slightly raisoil, at first almost 
transparent, later more opaque and whit¬ 
ish-buff. 

Wort-gelatin stab: Scanty, filiform or 
beaded, almost colorless. No liquefac¬ 
tion. 

Wort-agar plate: Colonies small, pale, 
buff-colored, resembling bread-crumbs in 
shape. 

Wort-agar streak : Similar to wort-gela¬ 
tin streak. Sometimes a slight metallic 

sheen on old cultures. 

Broth; Turbid in 24 hours at 30®C, with 

a slight surface scum. 

Litmus milk: Unchanged. 

Potato: A slight, barely visible growth 
consisting of a narrow filiform dirtj ye 
low line. 

Indole not produced. 

Nitrites are produced from nitrates. 
Acetymethylcarbinol not produced. 
Starch not hydrolyzed. 

Small amount of acid and gas from g 

cose and maltose. Trace of acid u n 
gas from sucrose. No acid or gas ro 

lactose. , . 

Acid, gas and ethyl alcohol l ^ 

small quantity from wort together wi 
pronounced parsnip-like odor. g 

Optimum pH 6.0. No growth at F 

Temperature relations: Optimum 32 
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Good growth at 18® C. Thermal death 
point 54® C for five minutes. 

Aerobic, facultative. 

Distinctive character; Extreme plco- 
morphism in media of neutral or slightly 
alkaline reaction. 

Source: Isolated from brewers' yeast. 

Habitat: The common short rod bac¬ 
terium of brewers’ yeast. 

25. Flavobacterium breve (Frankland 
and Frankland) Bergey et al. (Kurzer 
Canalbacillus, Mori, Ztschr. f. Hyg., 

1888, 53; Bacillus brevis G. and P. 
Frankland, Microorgjuiisms in Water, 
1894, 429; not Bacillus brevis Aligula, 
Syst. d. Bakt., 2, 1900, 5S3; Bacterium 
breve Chester, Man. Dcterm. Bact., 1901, 
172; Bergey et al.. Manual, 1st ed., 1023, 
116.) From Latin brevis, short. 

Rods; 0.8 to 1.0 by 2.5 microns, show¬ 
ing polar staining. Non-motile. Gram¬ 
negative. 

Gelatin colonies; Minute, pale yellow, 
compact growth in 2 to 3 weeks. 

Gelatin stab: Thin, yellowish growth 
on surface. Beaded growth in stab. 
No liquefaction. 

Agar slant; Yellowish growth in 2 to 
3 days. 

Broth; Turbid with white sediment. 

Blood serum: Growthof light gray color 
in 2 to 3 days. 

Litmus milk: Unchanged. 

Potato: No growth. 

Aerobic, facultative. 

Optimum temperature 35®C. 

Habitat: Water. 

26. Flavobacterium solare (Lehmann 
and Neumann) Bergey et al. (Bac¬ 
terium solare Ixjhinann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896, 258; Bergey 
et al., Manual, let ed., 1923, 116.) From 
Latin Solaris, solar. 

Rods: 0.3 to 0.4 by 1.0 micron, occur¬ 
ring singly, in pairs and in chains. Non- 
motile. Gram-negative. 

Gelatin colonies: Circular, yellow, glis¬ 
tening, translucent. Projecting rays. 


Gelatin slab: Yellow, arborescent 
growth in stab. No liquefaction. 

•Agar slant: Pale yellow, raised, arbor¬ 
escent. 

Broth: Clear. 

Litmus milk: Unchanged. 

Potato: Soft, yellowish-brown streak. 

Indole not formed. 

Nitrites not produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Distinctive character: Resembles 
Flavobacterium arborescens in type of 
growth. 

Source: Wurzburg tap water. Gib¬ 
bons (Contrib. to Canadian Biol, and 
Fish., 8, No. 22, 1934, 279) reports this 
species as occurring in the slime of a 
skate {Raja erinacca) and of a hake 
{Urophycis tenuis). 

Habitat: Fresh and salt water. 

27. Flavobacterium flavotenue 
Schrire. (Trans. Royal Soc. South 
Africa, 17, 1928, 45.) From Latin 

Jlavus, tawny yellow and tenuis, slender. 
Probably intended to moan, yellow and 
slender. 

Snuill rods: Non-motile. Gram-nega¬ 
tive. 

Agar colonies: Small, circular, lemon 
yellow, raised, entire. 

Agar slant: Filiform, lemon yellow. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Potato: Moist, yellow streak. 

Indole not formed. 

Nitrites are produced from nitrates. 

Acid from glucose, galactose and xylose. 

Pathogenic to white mice and guin<»A 
pigs. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Isolated from a mold-like 
growth in a frog {Xenopus laevis). 

Habitat: Unknown. 

Appendix: Some of the following spe¬ 
cies were described before Gram and 
llagella stains had been perfected. 
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Hence it is imiwssible to identify them 
definitely as belonging in Flavobacierium. 
Comparative study is needed in some 
cases before other species listed here can 
be placed in their proper place in the 
genus. 

Flavobacierium acidificiim Steinlmis. 
(Jour. Bact., 4^, 1941, 772.) From the 
intestine of the grasshopper {Cono- 
cephalus fasciatus De G.), the Colorado 
potato beetle {Leptinotarsa decemlineata 
Say), several unidentified lady beetle 
larvae, and the white cabbage butterfly 
{Pieris rapae L.). 

Flavobacierium antenniforme (Ravenel) 
Bergey et al. {Bacillus anlennifonnis 
Ravenel, Memoirs Nat. Acad. Sci., 
8y 1896, 25; Bacterium antenniformis 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 91; Bergey et al., 
Manual, 1st ed., 1923, 104.) From 
soil. See Manual, 5th ed., 1939, 531 for a 
description of this organism. 

Flavobacierium aurantiacum (Frank- 
land and Frankland) Bergey et al. 
{Bacillus aurantiacus G. and P. Frank¬ 
land, Zeitschr. f. Hyg., 6, 1889, 390; 
Bacterium aurantiacus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
109; Bergey et al., Manual, 1st ed., 1923, 
107; Chromobacterium aurantiacum Top- 
ley and Wilson, Pnne. Bact. and Immun., 
1, 1931,405.) From water. See Manual, 
5th ed., 1939, 533 for a description of this 

organism. 

Flavobacierium aurantinum (Hammer) 
Bergey et al. {Bacillus aurantinus Ham¬ 
mer, Research Bull. No. 20, Iowa Exp. 
Sta., 1915, 149; Bergey et al.. Manual, 
1st ed., 1923, 107.) From milk. See 
Manual, 5th ed., 1939, 541 for a descrip¬ 
tion of this organism. 

Flavobacierium aurescens (Ravenel) 
Bergey et al. {Bacillus aurescctis Rave¬ 
nel, Memoirs Nat. Acad. Sci., 8, 1896, 
8; not Bacillus aurescens Frankland and 
Frankland, Philo. Trans. Roy. Soc. 
London, B, 1878, 271; Bacterium aures- 
cens Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 105; Bergey et al., 
Manual, 1st ed., 1923, 102.) From soil. 


Gibbons (Contrib. Canadian Biol, and 
Fish., 8, No. 24, 1934, 307) found this 
species in fillets of haddock {Melano- 
grammus aeglefinus). See Manual, 4th 
cd., 1934, 142 for a description of this 
organism. 

Flavobacierium brunneum (Copeland) 
Bergey et al. {Bacillus brunneus Cope¬ 
land, Rept. Filtration Commission, Pitts¬ 
burgh, 1899, 348; Bergey et al., Manual, 
1st cd., 1923, 112.) From water. See 
Manual, 5th ed., 1939 , 541 fora descrip¬ 
tion of this organism. This may be 
Bacillus brunneus Schroeter, but not 
Bacillus brunneus Eisenberg. The latter 
forms spores. 

Flavobactcri urn b uccalis (Chester) 
Bergey et al. (Bacillus g, Vignal, Arch, 
d. phys. norm, et path., S6r. 3 , 8, 1886, 
365; Bacillus buccalis minidus SternbeiY* 
Manual of Bact., 1893, 643; Bacterium 
buccalis minutus Chester, Ann. Rept. 
Del. Col. Agr. Expt. Sta., 9, 1897, 108; 
Bacterium vigtiali Migula, Syst. d- 
Bakt., 2, 1900, 443; Bacterium bucallis 
(sic) Chester, Man. Determ. Bact., 
1901, 167; not Bacterium buccale Migula, 
Syst. d. Bakt., 2, 1900, 445; Bacillus 
vignalis Nepveux, These Fac. Pharm., 
Paris and Nancy, 1920, 112 ; Bergey et ah, 
Manual, 1st ed., 1923, 113.) From 
saliva. See Manual, 5th ed., 1939, 54 
for a description of this organism. 

Flavobacierium butyri Bergey et 
{Bacillus aromaticus butyri 
Cent. f. Bakt., II Abt., D, 

Bergey et al., Manual, Isted., 1923, ■ 

From sour cream. Produces an agree* ® 
odor. See Manual, 5th cd., 1939, 
for a description of this organism. 

Flavobacierium chlorum Stein aus* 
(Jour. Bact., 4^, 1941, 772.) From 
intestine of the nine-spotted lady ® 
{Coccinella novemnotala Habst.). ^ 

Flavobacierium denitrijicans (Be n^a 
and Neumann) Bergey et al. ( , 

denitrificans /, Burri and Stutzer, 
f. Bakt., II Abt.. 1. 189S. 360; 

denitrijicans /, Chester, Ann. ReP • 

. Agr. Exp. Sta., 9. 1897, 77j Bac 
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mann, Bakt. Diag., 2 Aufi., 2, 1899, 273; 
Pseudomonas siuizeri Migula, Syst. d. 
Bakt., 2, 1900, 929; Bacillus denitrificans 
Chester, Man. Doterm. Bact., 1901, 224; 
Borgey et al., Manual, 1st ed., 1923, 109; 
Chromobaclerium denitrificans Toplcy 
and Wilson, Princ. Bact. and Immun., /, 
1931, 405.) From horse manure. See 
Manual, 5th ed., 1939, 534 for a descrip¬ 
tion of this organism. 

Flavobacterium desidiosum (Wright) 
Bergey et al. (Bacillus decidiosus (sic) 
Wright, Memoirs Nat. Acad. Sci., 7, 1895, 
443; not Bacillus desiduosus McBeth, 
Soil Sci., 1, 1916, 450; Bacterium desidio- 
sus and Bacterium decidiosus Chester, 
Ann. Ilept. Del. Ck)l. Agr. Exp. Sta., 9, 
1897, 107 and 133; P'lavobacterium decidu- 
osum Bergey et al., Manual, 1st cd., 1923, 
114.) From water. Gibbons (Contrib. 
Canadian Biol, and Fish., 8, No. 24,1934, 
398) found this species in fillets of had¬ 
dock (Melanogrammus aeglefinus). See 
Manual, 5th ed., 1939, 544 for a descrip¬ 
tion of this organism. 

Flabobacterium fiavescens (Pohl) 
Bergey et al. (Bacillus fiavescens Pohl, 
Cent. f. Bakt., //, 1892, 144; Bergey et 
al.. Manual, 1st ed., 1923, 107.) From 
water. See Manual, 5th ed., 1939, 
535 for a description of this organism. 

Flavobacterium fiavum (Fuhrmann) 
Bergey et al. (Bacillus fiavus Fuhr- 
inann. Cent. f. Bakt., II Abt., 19, 1907, 
117; Manual, 1st ed., 1923, 101.) From 
beer. See Manual, 4th cd., 1934, 141 
for a description of this organism. 

Flavobacterium gelatinum Sanborn. 
(Jour. Bact., 19, 1930, 376.) From sea 
water. 

P'lavobacterium halmephilum Elazari- 
Volcani. (Studies on the microflora of 
the Dead Sea, Thesis, Hebrew Univ., 
Jerusalem, 1940, VIII and 85.) From the 
Dead Sea. A yellow halophilic species. 

Plavobacterium halophilum Bergey et 
al. (Culture No. 30 of Baranik-Pikow- 
sky, Cent. f. Bakt., II Abt., 70, 1927, 
373; Borgey et al., Manual, 3rd ed., 1930, 
147.) From sea water. See Manual, 


5th ed., 1939, 540 for a description of tliis 
organism. 

Flavobacterium lacunatum (Wright) 
Bergey et al. (Bacillus lacunalus 
Wright, Memoirs Nat. Acad. Sci., 7, 
1895, 435; Bacterium lacunatus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, HO; Bergey et al., Manual, 1st ed., 
1923, 117.) From water. See Manual, 
5th ed., 1939, 552 fora description of this 
organism. 

Flavobacterium matzoonii (Chester) 
Bergey et al. (Species No. 46 of Conn, 
Storrs Agr. Exper. Sta., 7th Ann. 
Kept, for 1894, 1895, 80; Bacillus mata- 
zooni (sic) Chester, Man. Determ. 
Bact., 1901, 236; Bergey et al., Manual, 
1st cd., 1923, 107.) From matzoon, a 
fermented milk from Armenia. See Man¬ 
ual, 5th cd., 1939, 536 for a description 
of this organism. 

Flavobacterium ovale (Wright) Bergey 
et al. (Bacillus ovalis Wright, Memoirs 
Nat. Acad. Sci., 7, 1895, 435; Bacterium 
ovalis Chester, Ann. Kept. Del. Col. 
.\gr. Exp. Sta., 9, 1897, 111; not Bac~ 
tcrium ovale Migula, Syst. d. Bakt., 2, 
1900, 458; Bergey et al.. Manual, 1st ed., 
1923, 117.) From water. See Manual, 
5th ed.. 1939, 551 fora description of this 
organism. 

Flavobacterium plicatum (Zinimer- 
mann) Bergey et al. (Bacillus plicatus 
Zimmermann, Bakt. unserer Trink- u. 
Nutzwiisscr, Chemnitz, 1, 1890, 54; not 
Bacillus plicatus Frankland and Frank- 
land, Phil. Trans. Boy. Soc. Ix)ndon, 178, 
B, 1887, 273; Bergey et al.. Manual, 1st 
ed., 1923, 105.) From water. Gram- 
negative. Non-motilc. See Manual, 5th 
ed., 1939, 532 for a description of this 
organism. Sec p. 684. 

Flavobacterium pruneaeum Sanborn. 
(Jour. Bact., 19, 1930, 376.) From sea 
water. 

Flavobacterium radiatum (Zimmer¬ 
mann) Bergey et al. (Bacillus radiatus 
Zimmermann, Bakt. unserer Trink- 
u. Nutzwasser, Chemnitz, 1, 1890, 58; 
Bacillus radiatus aquatilis Frankland 
and Frankland, Microorg. in Water, 
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London, 1894, 458; Bergcy et al., Manual, 
1st ed., 1923, 104.) From water. See 
Manual, otli ed., 1939, 531 for a descrip¬ 
tion of this organism. Gram-variable. 
Slight motility of shorter rods. 

Flavobacterium schirokikhii (II. Jen¬ 
sen) Bergey et al. (Salpcter zcrstoren- 
den Bacillus, Schirokikh, Cent. f. Bakt., 
II Abt., 2, 1896, 205; Bacterium schiro- 
kikhi H. Jensen, ibid., 4. 1898, 409; 
Bacillus denilrificans Chester, Man. 
Delerm. Bact., 1901, 274; Bergey et al.. 
Manual, 1st ed., 1923, 100). From horse 
manure. See Manual, 5th ed., 1939, 527 
for a description of this organism. 

Flavobacterium stolanatum (Adametz 
and Wichmann) Bergey et al. {Bacillus 
stolonatus Adametz and Wichmann, Mitt. 
Oest. Versuchsstat. f. Brauerei u. Malz., 
Wien, Heft 1,1888,884; Bacterium stolon- 
atus Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 76; Bergey et al.. Man¬ 
ual, 1st ed., 1923, 106.) See Manual, 5th 
ed., 1939, 535 for a description of this 
organism. From water. 

Flavobacterium tremelloides (Tils) 
Bergey etal. {Bacillus tremelloidesTWs, 
Ztschr. f. Hyg., 9, 1890, 292; Bacterium 
tremelloides Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 105; Bergey 
et al., Manual, 1st ed., 1923, 105.) From 
river water at Freiburg. Forms a yellow, 
slimy milk. See Manual, 5th ed., 19.39, 
532 for a description of this organism. 


Flavobacterium {Halobacterium) marts- 
tnortui Elazari-V'olcani. (Studies on the 
Microflora of the Dead Sea, Thesis, 
Hebrew Univ., Jcrusjilem, 1910, V and 
48.) From the Dead Sea. This species 
and Flavobacterium {Halobacterium) 
halobiutn and Flavobacterium {Halo- 
bacterium) Irapanicum are placed in a 
new subgenus of Flavobacterium named 
Halobacterium. All produce red pig¬ 
ment. The flagellation of these species 
was not determined. They may be 
polar flagellate, see Pseudomonas salin- 
aria and P. cutirubrn. 

Flavobacteriurn {Halobacterium) halo- 
bium (Fetter) Elazari-Voioani. (Mi¬ 
crobe du rouge cle moruc, Lc Dantec, 
Compt. rend. Soc. Biol., Paris, 68, 1902, 
136; Bacillus kalobius ruber Klebahn, 
Mitteil. a. d. Inst. f. allg. Bot. Hamburg, 
4, 1919, 47; Bacterium halobium Fetter, 
Over rood en andcrc bactericn van 
gesouten visch, Diss., Utrecht, 1932; 
Elazari-Volcani, Studies on the Micro- 
flora of the Dead Sea, Thesis, Hebrew 
Univ., Jerusalem, 1940, V and 59.) From 
reddened salted codfish. 

Flavobacterium {Halobacterium) tra- 
panicum (Fetter) Elazari-Volcani. {Bac¬ 
terium trapanicum Fetter, Over rood en 
andcrc bactericn van gezouteu visch, 
Diss., Utrecht, 1932; Elazari-Volcani, 
Studies on the Microflora of the Dea 
Sea, Thesis, Hebrew Univ. Jerusalem, 
1940. V and 59.) From the Dead Sea. 
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FAMILY X. ENTEROBACTERIACEAE RAHN. 

(Cent. f. Bakt., II Abt., 96, 1937, 280.) 

Gram-negative straight rods. Motile with peritrichous flagella, or non-motile. 
Grow well on artificial media. All species attack glucose forming acid, or acid and 
visible gas (H 2 present). Characteristically nitrites are produced from nitrates 
(exceptions in Erwinia only). xVntigenic composition is best described as a mosaic 
which results in serological interrelationships among the several genera, even extend¬ 
ing toother families. Many animal parasites, and some plant parasites causing blights 
and soft rots. Frequently occur as saprophytes causing decomposition of plant mate¬ 
rials containing carbohydrates. 

Note: Early attempts to develop a satisfactory basis for the recognition of 
species among the coliform-dysentery-typhoid group of bacteria are reviewed by 
Winslow, Kligler and Rothberg (Jour. Bact., 1919,429). These were largely based 
on differences in motility, production of indole, ability to liquefy gelatin, and, more 
particularly, differences in the ability to ferment carbohydrates, especially such com¬ 
pounds as glucose, lactose, sucrose, dulcitol and salicin. The more recent attempts 
to express differences in species of coliform bacteria by means of the IMViC reac¬ 
tion are reviewed by Parr (Ainer. Jour. Public Health, 26, 1930, 39; Bact. Rev., 
5, 1939, 1), this cryptic symbol indicating the indole test, methyl red acid deter¬ 
mination, acetylmethylcarbinol production (Voges-Proskauer reaction) and the util¬ 
ization of salts of citric acid. Stuart, Griffin and Baker (Jour. Bact-, 36, 1938, 391) 
and Griffin and Stuart (Jour. Bact., JjO, 1940,83) liavc applied those tests plus 
cellobiose fermentation to a study of a long series of cultures. 

Capsulated types of coliform bacteria are still placed in this edition of the 
Manual in a separate genus, Klebsiella, although there is some question about the 
separation of those from the species in Escherichia and Aerobactcr. 

Meanwhile, tlic Kauffmann and White Antigenic Schema has been successfully 
applied to the recognition of serological groups and types among salmonellas and 
related organisms. The groupings recognized are outlined in the Salmonella Sub¬ 
committee Reports submitted to the 2nd and 3rd Congresses of Microbiology (Jour. 

54 , 1934, 333 and Proc. 3rd Internat. Cong, for Microbiology, 1940, 832). The 
successful use of antigenic structure in this field has stimulated a study of the 
use of H and 0 antigens as a means of classifying the coliform group (Stuart, Baker, 
Zimmerman, Brown and Stone, Jour. Bact., 40, 1940, 101) but this method of classi¬ 
fying the species of coliform bacteria has not proved particularly helpful as yet» 

During this same period there lias been an increasing appreciation of the closeness 
of the relationship between certain common chrornogcnic bacteria (iSerrari'a) and 
the coliform bacteria (Breed and Breed, Cent. f. Bakt., II Abt., 71, 1927, 435). 
Moreover, the close relationship between bacteria producing soft rots of living vege¬ 
table and other plant tissue (now included in Erwinia) and the coliform bacteria 
has become more evident in recent studies (Waldee, Iowa State Coll. Jour. Sci., 
19, 1945, 436). Many intermediate types are found in rotting vegetable materials, 
these rotting types having the ability to attack protopectin (Burkey, Iowa State 
Coll. Jour Sci., 3, 1928, 57) but not to cause soft rots of living plant tissue. 

Borman, Stuart and Wheeler (Jour. Bact., 43, 1944, 351) have proposed a rearrange¬ 
ment of the species in the family Enterobacteriaceae which combines many forms 
that have previously been regarded ns separate species, or even as belonging in sepa¬ 
rate genera. Only the future can determine which of all of these views best expresses 

the relationships of the bacteria belonging in the Family Enterobacteriaceae —The 

Editors. 
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Key lo the tribes of family Enterobacteriaceae. 

I. Ferment lactose with the formation of acid and visible gas within 24 hours at 
37®C or within 48 hours at 25° to 30°C. Some transitional forms produce acid 
and gas from lactose slowly. 

Tribe I. Escherichcae, p. 44-t. 

II. Plant parasites. Ferment lactose with formation of acid, or acid and visible gas. 
Usually attack middle lamellar substance in plant tissues, causing soft rots. 

Tribe II, ErwineaCf p. 463. 

III. Ordinarily chromogenic producing a pink, red or orange-red pigment. Occa¬ 

sionally non-pigmcnted. Ferment glucose and lactose with formation of 
acid, or acid and visible gas. 

Tribe III. Serrateae, p. 479. 

IV. Lactose not fermented within 30 days either at 37°C or at 25° to 30°C. Urea 

decomposed within 48 hours. 

Tribe IV. Proteae, p. 486. 

V. Lactose rarely fermented within 30 days either at 37°C or at 25° to 30°C. Urea 
not decomposed within 48 hours. 

Tribe V. Salmonelleae, p. 492. 

TRIBE I. ESCHERICHEAE BERGEY, BREED AND MURRAY. 

(Preprint, Manual, 5th ed., October, 1938, vi.) 

Ferment glucose and lactose with the formation of acid and visible gas within 24 
hours at 37°C, or wdthin 48 hours at 25° to 30°C. Some forms produce acid and gas 
from lactose slowly (occasionally not at all). Do not liquefy gelatin except slowly m 
Aerobacter cloacae. 


Key to the genera of tribe Eschericheae.* 

I. Acetylmethylcarbinol not produced. Methyl red test positive. Salts of citric 

acid may or may not be used as a sole source of carbon. 

Genus 1. Escherichia, p- 444. 

II. Acetylmethylcarbinol produced. Methyl red test negative. Salts of citric 
acid used as sole source of carbon. 

Genus II. Aerobacter, p. 453. 

III. Acetylmethylcarbinol may or may not be produced. Methyl red test varia e. 
Salts of citric acid may or may not be used as sole source of carbon. Gssao 
as abundant as in previous genera. Capsulated forms from respiratory, u' 
tinal and genito-urinary regions. 

Genus III. Klebsiella, p. 45(. 

Genus 7. Escherichia Castellani and Chalmers^. 

(Castellani and Chalmers, Manual Trop. Med., 3rd ed., 1919, 941; 

Orla-Jensen, Jou r. Bact., 6 , 1921, 272; Colobactrum (in part) Borman, Stuar t^ 

* Levine (Jour. Bact., 1, 1916,153) was the first to show the inverse correlation 
tween the methyl red and Voges-Proskauer tests and used these characters o 
primary separation of the Escherichia coli section and the Aerobacter aerogenes s 

(Amer. Jour. Public Health, 7, 1917, 784). ctotion 

t Completely revised by Prof. M, W. Yale, New York State Experiment »» 

Geneva, New York, Nov., 1938; further revision, July, 1943. 
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\Mieeler, Jour. Bact., 19M, 357.) Named for Theodor Esolicrieh, who first iso¬ 
lated the type species. 

Short rods fermenting glucose and lactose with acid and gas production. Acetyl- 

methylcarbinol is not produced. Methyl red test positive. Carbon dioxide and 

hydrogen produced in approximately equal volumes from glucose. Genemlly not 

able to utilize uric acid as a sole source of nitrogen. Found in feces and is occasionally 

pathogenic to man (colitis, cystitis, etc.). It is, however, also widely distributed in 
nature. 

The type species is Escherichia coli (Migula) Castellani and Chalmers. 

Key to the species of genus Escherichia. 

I. Citric acid and salts of citric acid not utilized as sole source of carbon. 

A. Hydrogen sulfide not produced. 

1. Escherichia coli. 

II. Citric acid and salts of citric acid utilized as sole source of carbon. 


A. Hydrogen sulfide produced. 

B. Hydrogen sulfide not produced. 


1. Escherichia coli (Migula) Castellani 
and Chalmers. {Bacterium coli com- 
mune Escherich, Die Darmbakterien des 
Neugeborenen und Siiuglings, 1885; Ba¬ 
cillus escherichii Trevisan, I gencri e le 
specie delle Batteriacee, 18S9,15; Bacillus 
coli commu7iis Sternberg, Manual of 
Bacteriology, 1893, 439; Bacillus coli 
Migula, in Engler and Prantl, Natiir- 
licheii Pllanzenfam., /, la, 1895, 27; 
Bacterium coli Lehmann and Neumann, 
Bakt. Diag., 1 Auil.,;2,1896,224; Bacillus 
coli verus Durham, Jour. Exp. Med., 5, 
1900, 371; Bacillus coli comrnunis verus 
Durham, ibid., 353; Aerobacter coli 
Beijerinck, Cent. f. Bakt., II Abt., 6 , 
1900, 193; Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 941; Bacillus 
coli-coTnmunis Winslow, Kligler and 
Rothberg, Jour. Bact., 4, 1919, 483; 
Bacterium coli-communis Holland, Jour. 
Bact., 6 , 1920, 217; Colohaclrum coli 
Borman, Stuart and Wheeler, Jour. Bact., 
48, 1944 , 358.) From Latin colon, the 
large intestine. 

Note: Wcldin (Iowa State Jour. Sci., 
/, 1927, 121) considers the following 
identical with the above; Bacillus cavi- 
cida Flligge, Die Mikrocjrganismen, 1886, 
268 or more probably Briegcr, Berlin. 


2. Escherichia freundii. 

3. Escherichia intermedium. 

klin. Wochnschr., 1884, No. 14; Bacillus 
C, Booker, Trans. Ninth Internat. Med. 
Congress, 3, 1887, 598; Bacillus schafferi 
von Freudcnrcich, Landw. Jahrb. d. 
Schweiz, 4. 1890, 17; Bacterium cavicida 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 130; Bacterium schafferi 
Chester, ibid., 74; Bacillus mustelae 
seplicus Matzuschita, Bakt. Diag., 1902; 
Bacillus communis Jackson, Jour. Inf. 
Dis., 8 , 1911, 241; not Bacillus communis 
Migula, Syst. d. Bakt., 2, 1900, 725; 
Escherichia cavicida Castellani and Chal¬ 
mers, Manual of Trop. Med., 3rd ed., 
1919, 942; Escherichia schaefferi Bergey 
et al.. Manual, 1st ed., 1923, 196. 

Oesterle (Cent. f. Bakt., I Abt., Orig., 
134, 1935, 115) has described a yellow 
strain Bacterium coli jlavum, Parr (Proc. 
Soc. Exp. Biol, and Med., 35, 1937, 563) a 
golden-brown strain Bacterium aurescens 
(not Bacterium aurescens Migula, Syst. 
d. Bakt., 2, 1900,466), and Tittsler (Jour. 
Bact., 33, 1937, 450) reddish-orange 
strains whicli are regarded as pigmented 
variants of Escherichia coli. 

Rods ; Usually 0.5 by 1.0 to 3.0 microns, 
varying from almost coccoid forms to long 
rods, occurring singly, in pairs and short 
chains. Motile or non-motile. Motile 
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strains have peritrichous flagella. Not 
usually capsulated. Non-spore-forming. 
Gram-negative. 

Gelatin colonies: Opaque, moist, gray¬ 
ish-white, entire. 

Gelatin stab; Grayish-white, spread¬ 
ing, undulate. No liquefaction. 

Agar colonies: Usually white, some¬ 
times yellowish-white, rarely yellow, 
yellow-brown, golden-brown, reddish- 
orange or red; entire to undulate, moist, 
homogeneous. Atypical forms occur fre¬ 
quently. 

Agar slant: Usually white, sometimes 
yellowish-white, rarely yellow, yellow- 
brown, golden-brown, reddish-orange or 
red growth; moist, glistening, spreading. 

Broth: Turbid, with heavy grayish 
sediment. No pellicle. 

Litmus milk: Rapid acid formation 
with development of gas, usually coagula¬ 
tion, curd may or may not be broken up, 
no peptonization of the curd. Litmus 
may or may not be reduced. 

Potato: Abundant, grayish to yellow¬ 
ish-brown, spreading. 

Indole usually formed. 

Nitrites produced from nitrates. 

Blood agar plates: DifTerent strains 
vary widely in their action, some being 
hemolytic (Buchgraber and Hilk6, Cent, 
f. Bakt., I Abt., Orig., 133, 1935, 449). 

Heat resistance: Usually destroyed in 
30 minutes at 60®C, but certain heat- 
resistant strains may withstand this 
exposure (Ayers and Johnson, Jour. Agr. 
Res., 5, 1914, 401; Stark and Patterson, 
Jour. Dairy Sci., 19, 1936, 495). 

Antigenic structure: An antigenically 
heterogeneous species. 

Methyl red test positive (Clark and 
Lubs, Jour. Inf. Dis., 17, 1915, 160); 
Voges-Proskauer test negative (Durham, 
Jour. Exp. Med., 5, 1901, 373); inverse 
correlation between methyl red and 
Voges-Proskauer tests (Levine, Jour. 
Bact., 1, 1916, 153). 

Citric acid and salts of citric acid not 
utilized as sole source of carbon (Koser, 
Jour. Bact., 8 , 1923, 493). 

Uric acid not utilized as sole source of 


nitrogen (Koser, Jour. Inf. Dis., £3,1918, 
377); uracil utilized as sole source of 
nitrogen (Mitchell and Levine, Jour. 
Bact., 3S, 1938, 19). 

Gas ratio: Approximately equal vol¬ 
umes of carbon dioxide and hydrogen, 
ratio 1:1, produced from glucose (Harden 
and Walpole, Proc. Roy. Soc., Ser. B, 77, 
1905, 399; Rogers, Clark and Davis, Jour. 
Inf. Dis., 14, 1914, 411). 

Catalase produced. 

No H;S produced in peptone iron agar 
(Levine, Epstein and Vaughn, Amer. 
Jour. Public Health, 24, 1934, 505; Titts- 
ler and Sandholzer, Amer. Jour. Public 
Health, 27, 1937, 1240). More sensitive 
indicators give positive tests for HjS 
(Hunter and Weiss, Jour. Bact., 36, 1938, 
20 ). 

Trimethylencglycol not produced from 
glycerol by anaerobic fermentation 
(Braak, Onderzoekingen over Vergisting 
van Glycerine, Thesis, Delft, 1928, 166; 
Werkman and Gillen, Jour. Bact., £3» 
1932, 167). 

Acid and gas from glucose, fructose, 
galactose, lactose, maltose, arabinosc, 
xylose, rhamnose and manni tol. Sucrose, 
rafhnose, salicin, csculin, dulcitol and 
glycerol may or may not be fermented- 
Variable fermentation of sucrose and 
salicin (Sherman and Wing, Jour. Bact., 
33, 1937, 315; Tregoning and Poe, Jour- 
Bact., 34, 1937, 473). Inulin, pectin and 
adonitol rarely fermented. Dextrin, 
starch, glycogen and inositol 
mented. Cellobiose (Jones and 
Jour. Bact., 11, 1926, 359) and a-methyl- 
glucoside (Koser and Saunders, 

Bact., 24, 1932, 267) not fermented. 
Certain strains produce variants iv c 
ferment lactose slowly or not at all ( “ 

nebaum. Jour. Bact., SO, 1935, 

Some strains of slow-lactose-fermea 

appear to be intermediate betwe^ 
coliform and paratyphoid groups ( ® 
ford, Jour. Path, and Bact., 4U ' 
77). See Twort (Proc. Royal Soc- LO • 

don. 79, 1907, 329) 

unusual glucosides; Dozois et aL t 

Bact., SO, 1935. 189 and 3f, 193®* 
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for utilization of certain sugar alcohols 
and their anhydrides; Poe and Klemme 
(Jour. Biol. Chem., W9, 1935, -43) for 
utilization of rare sugars. See Winslow, 
Kligler and Rothberg (Jour. Bact., 4, 
1919,429) for review of literature relative 
to classification. 

Fecal odor produced. 

Aerobic, facultative. 

Growth requirements: Good growth 
on ordinary laboratory media. Optimum 
growth temperature 30® to 37®C. Growth 
takes place at 10®C and at 45®C. Gas 
produced from glucose at 45® to 46®C. 
Eijkmann test pwsitivc (Eijkmann, Cent, 
f. Bakt., I Abt., Orig., 37, 1904, 74; 
Perry and Hajna, Jour. Bact., 26, 1933, 
419). 

Source: From feces of infants. 

Habitat: .Normal inhabitant of the 
intestine of man and all vertebrates. 
Widely distributed in nature. Fre¬ 
quently causes infections of the genito¬ 
urinary tract. Invades the circulation 
in agonal stages of diseases. 

la. Escherichia coli var. acidilactici 
(Topley and Wilson) Yale. 

(Milchsaurebactcrium, Hueppe, Mit. 
d. kais. Gesund., 2 , 18&4, 340; Bacillus 
acidi lactici Zopf, Die Spaltpilze, 1885, 
87; not Bacterium acidi lactici Zopf, 
Die Spaltpilze, 1884 , 60; Bacillus aciii 
lactici I and II Grotenfelt, Fortschr. d. 
Med., 7, 1889, 121; possibly also Bac¬ 
terium acidi lactici I and // Grotenfelt, 
ibid., 123; Bacterium acidi lactici Migula, 
in Englcr and Prantl, Nattirlichcn Pflan- 
zenfamilien, /, la, 1895, 25; not Bac¬ 
terium aetdi lactici Kruse, in FlUgge, 
Die Mikroorganismen, 3 Aufl., 2 , 1896, 
357; not Bacterium B, Peters, Bot. Zei- 
tung, 47, 1889, 422); possibly Bacterium 
grotenfeldtii Migula, Syst. d. Bakt., 2 , 
1900, 408, a synonym of Bacterium acidi 
lactici I Grotenfelt; Bacillus acidi- 
laclici Jackson, Jour. Inf. Dis., 8, 1911, 
241; possibly Bacillus lacticus Macd, 
Traits pratique de bact., 1913, 452; not 
Bactllua lacticus Kruse, in Fltigge, Die 
Mikroorgamsmen, 1896,366; Bactenum 


duodenale Ford, Studies from Victoria 
Hospital, Montreal, 1 , 1003, 17 (according 
to Perkins, Jour. Inf. Dis., 37, 1925, 247); 
Encapsulalus acidi lactici Castellani and 
Chalmers, Manual of Trop. Med., 1919, 
934; Bacillus laclici-acidi Holland, Jour. 
Bact., 5, 1920, 21S; Bacterium acidi- 
laciici Holland, ibid.; (Encapsutata) 
Bacillus duodenale Perkins, Jour. Inf. 
Dis., 37, 1925, 247; Escherichia acidi¬ 
lactici Bergey et al., Manual, 1st ed., 
1923, 199; Bacterium coli var. acidi 
lactici Topley and Wilson, Princip. Bact. 
and Immun., 1 , 1931, 446; Yale, in 
Manual, 5th ed., 1939, 393.) 

Identification: Includes strains of 
Escherichia coli which do not attack 
either sucrose or salicin. It is generally 
thought that Huepi>e’s cultures were 
contaminated with a spore-former. 

Source: From milk. 

lb. Escherichia coli var. neapolitana 
(Topley and Wilson) Yale. (Ncapcier 
Bacterien, Emmerich, Deut. med. 
Wchnschr., 10, 1884,299; Bacillus neapol- 
ilanus Flugge, Die Mikroorganismen, 1886, 
270; Bacterium neapolUanus Chester, 
Ann. Ropt. Del. Col. Agr. Exp. Sta., 9, 
1897, 138; Escherichia neapolitana Castel¬ 
lani and Clialmcrs.Man. Trop. Med., 3rd 
ed., 1919, 942; Bacterium coli var. nea- 
politanum Topley and Wilson, Princip. 
Bact. and Immun., /, 1931, 446; Yale, in 
Manual, 5th ed., 1939, 393.) 

Identification: Includes strains of 
Escherichia coli which ferment sucrose 
and salicin. 

Source: From cholera patients or cad¬ 
avers, originally thought to be the cause 
of cholera. 

l c. Escherichia coli var. communior 
(Topley and Wilson) Yale. {Bacillus 
coH communior Durham, JouT. Exp. Med., 
5, 1930, 353; Bacillus communior Ford, 
Studies from Victoria Hosp., Montreal, 
If 1993, 17; Baclerium communior Jack- 
son, Jour. Inf. Dis., 8,1911, 241; Bacillus 
coli-communior Holland, Jour. Bact., 6 , 
1920, 217; Bacterium coli-communior 
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Holland, idem; Escherichia comviunior 
Borgey ct al., Manual, 1st ed., 1923, 200; 
Bacterium ccli var. communior Topley 
and Wilson, Princip. Bact. and Immun., 
1 , 1931, -446; Yale, in Manual, 5th ed., 
1939,393.) 

Vale (Cornell Vet., 23, 1933, 306) re¬ 
gards Bacterium astheniae Dawson (15th 
Ann. Rpt., Bur. Anim. Ind., U.S.D.A., 
1898, 329; Bacillus astheniae Winslow, 
Kligler and RotViberg, Jour. Bact., 4, 
1919, 487; Escherichia astheniae Bergey 
et ah. Manual, 1st ed., 1923, 205) as a 
synonym of Escherichia communion. 
Identification: Includes strains of 
Escherichia coli which ferment sucrose 
but not salicin. Levine (Iowa Eng. Exp. 
Sta. Buh 62,1921, 38) recognizes a strain 
which ferments salicin. 

2. Escherichia freundil (Braak) Yale. 
{Bacterium freundii Braak, Onderzoekin- 
gen over vergisting van glycerine. 
Thesis, Delft, 1928, 140; Citrobacter 
freundii Werkman and Gillen, Jour. 
Bact., 28, 1932,176; Yale, in Manual, 5th 
ed., 1939, 394; Colohactrum freundii 
Borman, Stuart and Wheeler, Jour. 
Bact., 48, 1944, 358.) Named for A. 
Freund, who first observed that tri- 
methyleneglycol was a product of fer¬ 
mentation (1881). 

Minkewitsch (Ztschr. f. Hyg., Ill, 
1930, 180) proposed the name Bacterium 
coli citrovorum for the intermediates but 
this name is not acceptable since it is a 
trinomial. 

Werkman and Gillen (Jour. Bact., 28, 
1932, 177) emended the description of 
Bacterium freundii, and created the genus 
Citrobacter. The following species re¬ 
named by Werkman and Gillen are 
regarded as identical with Escherichia 
freundii: Citrobacter album, Citrobacter 
decolorans, Citrobacter diversum and 
Citrobacter anindolicum. 

Tittsler and Sandholzer (Jour. Bact., 
29, 1935, 349) and Carpenter and Fulton 
(Amer. Jour. Pub. Health, 27, 1937, 822) 
suggest that the intermediates which 


give a positive methyl red and a negative 
Voges-Proskauer test be allocated to the 
genus Escherichia. Other strains arc 
apparently more nearly related to the 
genus Aerobacter than to the genus 
Escherichia since they produce acetyl- 
meth 3 'lcarbinol. Barritt (Jour. Path, 
and Bact., 42, 1936,441; 44, 1937,679) has 

shown that some of the intermediates 
form traces of acctylmethylcarbinol 
which can be detected by the a-naphthol 
test, but not by the standard Voges- 
Proskauer test as described in the Manual 
of Methods for the Pure Culture Study of 
Bacteria (Soc. Amer. Bact., 1937, 17). 

Rods: Short rods with rounded ends, 
occurring singly, in pairs and short 
chains. Motile or non-niotilc. Gram- 
negative. 

Gelatin stab: Liquefaction.by 4 out of 
15 cultures (Werkman and Gillen, Jour. 
Bact., 23, 1932,177). No liquefaction by 
any strains (Tittsler and Sandholzer, 
Jour. Bact., 29, 1935, 353; Carpenter and 
Fulton, Amer. Jour. Pub. Health, 27, 
1937,822). 

Agar slant: Smooth, gray, shining, 
filiform and butyrous growth. 

Litmus milk: Acid in 2 days; coagua 
tion may or may not take place; no pep 
tonization. 

Potato: Abundant, yellowish-white 

growth. . 

Indole may or may not be forme 
(Werkman and Gillen, loc. cit.] Tittser 

and Sandholzer, loc. cit.). 

Nitrites produced from nitrates. 
Methyl red test positive- Voges- 
Proskauer test negative (Koser, 

Bact., 9, 1924 , 59). Some 
positive methyl red and a positive 
Proskauer test (Parr, Jour. Bact., r 

1938, 1). ^ _f 

Citric acid utilized as sole source 

carbon; uric acid not utilized as * ^ . 
source of nitrogen (Koser, loc. at ., 
man and Gillen, loc. cit., 167)- 
Catalase produced. 

Hydrogen sulfide produced m 
peptone, ferric citrate a^r ( 
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Epstein and Vaughn, Amer. Jour. Pub. 
Health, 1934, 505; Tittsler and Sand- 
holzer, Amer. Jour. Pub. Health, 21, 
1937, 1240). 

Trimethyleneglycol produced from 
glycerol by anaerobic fermentation 
(Braak, loc, cit., 146; Workman and 
Gillen, loc. cit., 167). 

Acid and gas from glucose, fructose, 
galactose, arabinose, xylose, raffinose, 
lactose, maltose, mannose, rhamnose, 
trehalose, glycerol, mannitol and sorbitol. 
Sucrose, salicin, dulcitol, adonitol and 
inositol may or may not be fermented. 
Cellobiose usually fermented while a- 
methyl-glucoside may or may not be 
fermented (Tittsler and Sandholzer, loc. 
cit.; Carpenter and Fulton, loc. cit.). 
No acid or gas from amygdalin, dextrin, 
erythritol, glycogen, inulin or melezitose. 
Aerobic, facultative. 

Growth requirements: Good growth on 
ordinary laboratory media. Optimum 
growth temperature 30® to 37®C. Gas 
not produced in Eijkman test when car¬ 
ried out at 45® to 46®C (Levine, Epstein 
and Vaughn, loc. cit.). No gas at 44®C 
(Wilson, Med. Res. Council, I-ondon, 
Special Kept. Ser. 206, 1935, 165). 

Habitat: Normally found in soil and 
water and to a varying degree in the 
intestinal canal of man and animals. 
Widely distributed in nature. 

3. Escherichia intermedium (Workman 
and Gillen) Vaughn and Levine. (Ci(ro- 
bacter intermedium Workman and Gillen, 
Jour. Bact., 2S, 1932, 178; Vaughn an<l 
Levine, Jour. Bact., U, 1942, 498.) 

Citrohacter glycologenes Workman and 
Gillen {loc. cit.) is also regarded as a 
synonym of Escherichia intermedium. 
Vaughn and Levine {loc. cit.) give a 
new description of Escherichia inter¬ 
medium based on a study of 27 cultures. 

Rods: Short rods with rounded ends. 
Occurring singly, in pairs and short chains 
in young nutrient agar or broth cultures. 
Actively motile with peritrichous flagella 
or non-motile. Gram-negative. 


Gelatin stab: No liquefaction after 60 
days at 20°C. 

Agar slant: Smooth to wrinkled surface, 
grayish-white, abundant, raised and 
butyrous growth. 

Nutrient broth: Turbid with slight 
ring at surface. 

Litmus milk: Acid, sometimes coagula¬ 
tion and reduction, no proteolysis. 

Potato: Growth abundant, white to 
ivory color. 

Levine’s eosine-methylene blue agar: 
Well-isolated colonies vary from 1 to 4 
mm in size. No confluence of neighbor¬ 
ing colonies. Colonies are slightly to 
moderately raised with surfaces varying 
from flat to convex and usually smooth 
and glistening but sometimes dull, rough 
and granular. 

By transmitted light two types of 
colonies have been observed: (1) Colonies 
having almost the same appearance 
throughout but with a distinctly lighter 
center, the color being similar to the 
medium. (2) Colonies having a dark 
brownish central area which diffuses out 
to a lighter margin. 

By reflected light three types of col¬ 
onies have been observed; (1) Dark, 
button-like, concentrically ringed col¬ 
onies possessing a strong, greenish- 
metallic sheen so characteristic for 
Escherichia coli. (2) Colonies with 
dark, purplish, w'ine-colorcd centers 
surrounded by a light pink zone. Some 
colonics are concentrically ringed. (3) 
Pink colonies with no suggestion of sheen 
but sometimes concentrically ringed. 

Indole may or may not be formed. 

Nitrites produced from nitrates. 

Fermentation of glucose: The end prod¬ 
ucts characteristic for the genus Escheri¬ 
chia arc formed. Carbon dioxide and 
hydrogen gases arc formed in approxi¬ 
mately equimolar proportions (gas ratio 
1:1) besides significant quantities of 
ethyl alcohol, and acetic, lactic and 
succinic acids with only traces of formic 
acid. Acetylmethylcarbinol and 2-3 
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butylene glycol have not been found 
(Voges-Proskauer test negative). 

Salts of citric acid are utilized as a sole 
source of carbon. 

Catalase produced. 

Hydrogen sulfide not detected in 
proteose peptone ferric-citrate agar. 

Acid or acid and gas produced from 
xylose, arabinose, rhamnose, glucose, 
fructose, mannose, galactose, lactose, 
maltose, trehalose and mannitol. No 
acid or gas from melezitose, amygdalin 
and erylhritol. Sucrose, raffinose, cel- 
lobiose, a-mcthyl-glucoside, adonitol, 
dulcitol, glycerol, inositol, sorbitol, 
starch, acsculin, salicin and sodium 
malonate may or may not be fermented. 

Aerobic, facultative. 

Temperature requirements: Growth 
at lO^C and at 45® to 46®C. Optimum 
growth temperature 30® to 37®C. Gas 
not produced in Eijkman tests, although 
some cultures show growth at 45® to 46®C. 

Salt tolerance: Most cultures ferment 
glucose in the presence of sodium chloride 
in a concentration of 6.0 to 7.0 per cent. 
A few cultures tolerate 8.0 per cent 
sodium chloride. 

pH range: Optimum about pH 7.0. 
Growth occurs at pH 5.0 to pH 8.0. 

Habitat: Normally found to a varying 
degree in soil, water and in the intestinal 
canal of man and animals. Widely dis¬ 
tributed in nature. 

Appendix: The following described 
species have been placed in Escherichia 
or may belong here: 

Bacillus alcalescens Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1903, 37; also see Jour. 
Med. Res., d, 1901, 211; not Bacillus 
alkalescens Andrews, Lancet, 194, 1918, 
660; Escherichia alcalescens Bergey et al., 
Manual, 1st ed., 1923, 202.) From feces. 

Bacillus asiaiicus Castellani. (Cas- 
tellani, Cent. f. Bakt., I Abt., Orig., 6 $, 
1912, 262; not Bacillus asiaticus Sak- 
haroff, Ann. Inst. Past-, 8, 1893, 550; 
Salmonella Castellani and Chal¬ 


mers, Manual of Trop. Med., 3rd ed. 
1919, 940; Proteus asiaticus Bergey et al 
Manual, 1st ed., 1923, 211; Bacterium 
asiaticum Weldin and Levine, Abst. 
Bact., 1, 1923, 13.) From feces. Fer¬ 
ments lactose slowly or not at all. 

Bacillus asiaticus mobilis Castellani. 
(VaMrie 21, Boycott, Jour. Hyg., 6, 1906, 
33; Castellani, Ann. di Med., Nav. e 
Colon., 11 , 1916, \ Salmonella asiaiicus 

mobilis Castellani and Chalmers, Manual 
of Trop. Med., 3rd ed., 1919, 940; Bac¬ 
terium valeriei Weldin and Levine, Abst. 
Bact., 7,1923,13; Proteus valeriei Bergey 
et al., Manual, 1st ed., 1923, 211.) From 
feces. A motile variety which Alves 
(Jour. Path, and Bact., 44, 1937, 485) 
found to be identical with Bacillus 
asiaticus. 

Bacillus chylogenes Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1903, 62; also see Jour. 
Med. Res., 6 , 1901, 219.) From feces. 

Bacillus coli immo6i7zs Kruse. (Kruse, 
in FlUgge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 339; Bacterium coli immobilis 
Chester, Del. Agr. Exp. Sta., 9th Ann. 
Kept., 1897, 128; Entcroides entericus 
Castellani, Jour. Hyg., 7,1907,1; Bacillus 
schafferi MacConkey, Jour. Hyg., 9, 1909, 
86; not Bacillus schafferi von Freuden- 
reich, Landwirtschl. Jahrb. den Schweiz, 
4, 1890, 17; Bacillus entericus Castellani 
and Chalmers, Manual of Trop. Med., 
1st ed., 1910, 990; not Bacillus entericus 
Ford, Studies from Royal Victoria Hosp-, 
Montreal, /, (5), 1903, 40; Escherichta 
schaefferi Bergey et al., Manual, 1st ed., 
1923, 196; Bacterium coli var. immobilts 

Winslow et al., Jour. Bact., 4 ,' 
Bacterium schafferi Weldin and Levine, 
Abst. Bact., 7, 1923, 13; not Bactenum 
schafferi Chester, Ann. Kept. Del. W • 
Agr. Exp. Sta., 9, 1897, 74; Eschertchta 

enterica Weldin, State Coll* Jour* 

Sci., 1, 1927, 134.) From feces. The^ 
were all described as non-motile varia^ 
of Escherischia coli (see Weldin, 

ctf.). ^ , 

Bacillus coli mutabilis Neisse • 
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(Neisser, Cent. f. Bakt., I Abt., Ref. 
(Supp.), S8, 1906, 9S; Bacterium coli 
jnutabile Massini, Arch. f. Hyg., 61, 1907, 
250; Escherichia coli mutabilis Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed., 1919, 943; Escherichia coli-mutabile 
Deere et al., Jour. Bact., 31, 1936, 625.) 
From feces. An unstable variant closely 
related to Escherichia coli characterized 
by irregular lactose fermentation. When 
cultured on lactose indicator agar, it 
appears not to ferment lactose. After 
some days, lactose-fermenting papillae 
appear growing on or out of the original 
colonies. Subcultures from these sec¬ 
ondary colonies give typical lactose 
fermentation but subculture from the 
primary colony, avoiding contact with the 
papillae, gives delayed fermentation of 
lactose and when again plated will pro¬ 
duce non-fermenting colonics on which 
fermenting papillae later appear. 

Bacillus gastricus Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1903, 58; also see Jour. 
Med. Res., 6 , 1901, 213; Escherichia 
gastrica Bergey et al., Manual, 1st cd., 
1923 , 203.) From feces. 

Bacillus gruenthali Morgan. (Das 
gruenthaler Bacterium, Fischer, Ztschr. f. 
Hyg., so, 1902, 447; Morgan, Brit. Med. 
Jour., /, 1905, 1257; Bacillus acidi laclici 
var. gruenthali Levine, Jour. Bact., 5, 
1918, 270; Bacterium acidilactici var, 
gruenthali Winslow, Kligler and Roth- 
berg. Jour. Bact., 4t 1919,486; Escherichia 
gruenthali Castellani and Clialmers, 
Manual of Trop. Med., 1919, 942; Bac- 
ierium gruenthali Weldin and Levine, 
Abst, Bact., S, 1923, 13.) From feces. 

Bacillus iliacus Ford. (Ford, Studies 
from the Royal Victoria Hoap., Montreal, 
f, (5), 1903, 61; also see Jour. Med. Res., 
6 , 1901, 213; Escherichia iliacus Bergey 
otal.. Manual, Isted,, 1923, 203; Proteus 
iliacus Bergey et al., Manual, 4th od., 
1934 , 363.) From feces. 

Bacillus infrequens Ford. (Ford, 
Studies from the Royal Victoria Hosp., 


Montreal, /, (5), 1903, 42; also see Jour. 
Med. Res., 6 , 1901, 219.) From feces. 

Bacillus jejunales Ford. (Ford, Stud¬ 
ies from the Royal Victoria Hosp., Mon¬ 
treal, /, (5), 1903, 66; also see Jour. Med. 
Res., 6 , 1901, 219.) From feces. 

Bacillus leporis Migula. (Bacillus 
leporis lethalis Sternberg, Manual of 
Bacteriology, 1893,453; Bacteri urn leporis 
lethalis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 97; Migula, Syst. 
Bakt., 3, 1900, 651; Ebcrthella leporis 
Bergey et al., Manual, 1st ed., 1923, 229; 
Escherichia leporis Bergey et al.. Manual, 
2nd cd., 1925, 221.) From feces. 

Bacillus para-gruenlhali Castellani. 
(Castellani, 1914, quoted from Castellani 
and Chalmers, Ann. Past. Inst., S4, 
1920, 614; Escherichia paragrucnthali 
Castellani and Chalmers, Manual of 
Trop. Med., 3rd ed., 1919, 942; Bacterium 
coli var. paragrucnthali Weldin and 
Levine, Abst. Bact., 5, 1923, 13.) From 
feces. Weldin and Levine (Iowa State 
Coll. Jour. Sci., 1 , 1926, 132) regard this 
species as identical with Bacillus 
gruenthali Morgan. 

Bacillus plebeius Ford. (Ford, Stud¬ 
ies from the Royal Victoria Hosp., Mon¬ 
treal, 1, (5), 1903, 41; also see Jour. Med. 
Res., 6 , 1901, 213; Escherichia plebeia 
Bergey et al., Manual, Ist ed., 1923, 203.) 
From feces. 

Bacillus subalcalescens Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1903, 37; also see Jour. 
Med. Res., 6 , 1901, 217.) From feces. 

Bacillus subgaslricus Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1903, 58; also see Jour. 
Med. Res., 6 , 1901, 219.) From feces. 

Bacillus vekanda Castellani. (Castel¬ 
lani, Jour. Trop. Med. and Hyg., 20, 
1917, 181; Enteroides vekanda Castellani 
and Chalmers, Manual of Trop. Med., 
3rd ed., 1919, 941; Bacterium vekanda 
Weldin and Levine, Abst. Bact., 7, 1923, 
13; Escherichia vekanda Bergey et al., 
Manual, Ist ed., 1923,197.) From feces. 

Bacillus vesiculi/ormans Henrici. 
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(Henrici, Arb. Bakt. Inst. Hochsch. 
Karlsruhe, 1, 1894, 25; Escherichia vesicu- 
Uformans Bergey et al., Manual, 2nd ed., 
1925, 222.) From cheese. 

Bacterium chymogenes Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, /, (5), 1903, 63; also see Jour. 
Med. Res., 6 , 1901, 219.) From feces. 

Bacterium coli alcaligenes Chiari and 
Loffler. (Cent. f. Bakt., I Abt., Orig., 
96, 1925, 95.) From feces. 

Bacterium coli anindolicum Lembke. 
{Lembke, Arch, f, Hyg., 26, 1896, 299; 
Bacillus anindolicum Chester, Man. 
Determ. Bact., 1901, 207; Escherichia 
anindolica Bergey et al., Manual, 3rd ed., 
1930, 325.) From feces. 

Bacterium coli imperfectum Roelcke. 
(Cent. f. Bakt., I Abt., Orig., 145, 1939, 
109.) From feces. Lactose not fer¬ 
mented. 

Bacterium formicum Omclianski. 
(Omelianski, Cent. f. Bakt., II Abt., 
11, 1904, 184; Achroynobacter formicum 
Bergey et al.,Manual, 1st ed., 1923, 144; 
Escherichia formica Bergey et al.. Man¬ 
ual, 2nd ed., 1925, 220.) From soil. 

Bacterium galactophilum Ford. (Ford, 
Studies from the Royal Victoria Hosp., 
Montreal, 1, (5), 1903, 39; also see Jour. 
Med. Res., 6 , 1901, 217; Escherichia 
galactophila Bergey et al.. Manual, 1st 
ed., 1923, 202.) From feces. 

Bacterium succinicurn Sakaguchi and 
Tada. (Cent. f. Bakt., II Abt., 101, 1940, 
341.) From cheese. 

Bacterium uromutahile Koch. (Cent, 
f. Bakt., I Abt., Orig., 735, 1935, 209.) 
From genito-urinary infections. A non- 
lactose-fermenting variety that devel¬ 
oped the ability to ferment lactose 
slowly. 

Bacterium vesiculosum Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
37; Bacillus vesiculosus MacConkey, 
Jour. Hyg., 9, 1909, 86; Escherichia 
vesiculosa Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 942.) From 
cheese. 

Escherichia alba Sebrire. (Trans. 


Royal Soc. So. Africa,^ 17, 1928, 43.) 
From feces. 

Escherichia brasiliensis Mello. (Sao 
Paulo Medico, Anno 10, 2, 1937, 11.) 
From feces. 

Escherichia colofoetida (Castellani) 
Hauduroy et al. {Bacillus colofoeiidus 
Castellani, Jour. Trop. Med. and Hyg., 
1930,134; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 226.) From feces. 

Escherichia coloides (Castellani) Cas¬ 
tellani and Chalmers. {Bacillus coloides 
var. A and Bacillus coloides var. B, 
Castellani; Castellani and Chalmers, 
Manual of Trop. Med., 1919 , 942 and 
946.) From feces. 

Escherichia cololropicalis (Castellani) 
Castellani and Chalmers. {Bacillus colo- 
tropicalis Castellani, 1907; see Castellani 
and Chalmers, Manual of Trop. Med., 
3rd ed., 1919, 942 and 946.) From 
feces. 

Escherichia ellingeri (Metalnikov and 
Chorine) Bergey et al. {Coccobacillus 
ellingeri Metalnikov and Chorine, Ann. 
Inst. Past., 42, 1928, 1635; Bergey et ah, 
Manual, 3rd ed., 1930, 330.) Causes 
fatal infection in insects as Pyrausia 
nubilalis Hiibn. (European corn borer) 
and Galleria mellonella L. (bee moth). 
See Manual, 5th ed., 1939, 606 for a de¬ 
scription of this species. 

Escherichia khartoumensis (Chalmers 
and Macdonald) Hauduroy et al. (^‘*' 
cillus khartoumensis Chalmers and Mac¬ 
donald, 1915; see Castellani and Ch^’ 
mers, Manual of Trop. Med., 3rd ed., 
1919, 948; Enteroides khartoumensis C^- 
tellani and Chalmers, ibid., 941; Haudu¬ 
roy et al.. Diet. d. Bact. Path., 1939,230.) 
From feces. 

Escherichia metacoli (Castellani) Cas 
tellani and Chalmers. {Bacillus metacolt 
Castellani, 1915; see Castellani ^ 
Chalmers, Manual of Trop- Med., 
ed.. 1919, 942 and 948.) From 

Escherichia melacoloides (Caste am 
Castellani and Chalmers. {Bacillusfneta- 
coloides Castellani; see Castellam 
Chalmers, Manual of Trop. Med., 
ed., 1919, 942 and 950.) From feces. 
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Escherichia paradoxa (Touinanoff) 
Hauduroy et al. {Colibacillus paradoxus 
Toumanoff, Bull. Soc. Centr. de M<5d. 

80, 1927, 367; Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 231.) From 
feces. 

Escherichia paraenierica (Castellaui) 
Hauduroy etal. {Bacillus paraentericus 
Castellani, Manual of Trop. Med., 1st 
ed., 1910, 991; Enteruides paraenierica 
Castellani and Chalmers, ibid., 3rd ed.. 
1919, 941; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 231.) From feces. 

Escherichia pauloensis Mello. (Ass. 
Paulista de Mcdicina, 11 , 1937, 73.) 
From feces. 

Escherichia pseudocoli (Castellani) 
Castellani and Chalmers. {Bacillus 
pseudo-coli Castellani, Manual of Trop. 
Med., 1st ed., 1910, 990; Castellani and 
Chalmers, Manual Trop. Med., 3rd ed., 
1919, 942.) From feces. 

Escherichia pseudo-coliforniis (Castel¬ 
lani) Hauduroy et al. {Bacillus pseudo- 
coliformis Castellani, 1917; see Castellani 
and Chalmers, Manual of Trop. Med., 
3rd ed., 1919, 952; Hauduroy et al.. 
Diet. d. Bact. Path., 1937, 233.) From 
feces. 

Escherichia pseudocoloides (Castellani) 


Castellani and Chalmers. {Bacillus 
pseudocoloides Castellani, 1916; see Cas¬ 
tellani and Chalmers, Manual of Trop. 
Med., 3ra ed., 1919, 954; ibid., 942; 
Bacterium pseudo-coloides Weldin and 
Levine, .\bst. Bact., 7, 1923, 13.) From 
feces. 

Escherichia pscudocoscoroba C'astellani 
and Chalmers. {Bacillus coscoroba Mac- 
Conkey, Jour. Hyg., 6 , 1906, 570; not 
Bacillus coscoroba Tr^trop, Ann. Inst. 
Past., 14, 1900, 224; Bacterium coscorobae 
Bcrgey and Deehan, Jour. Med. Res., 
19, 1908, 182; Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 942; 
Bacillus communior var. coscoroba Wins¬ 
low, Kliglcr and Rothberg, Jour. Bact., 
4, 1919, 486; Escherichia coscoroba 

Weldin, Iowa State Coll. Jour. Sci., /, 
1926, 139.) From feces and sewage. 
This organism described by MacConkey 
is quite dilTeront from the organism 
described by Trdtrop (see Pasteurclla 
appendix). 

Escherichia pscudodysenteriae Bergey 
et al. {Bacterium pseudodyscnleriae 
Kruse, Deut.sche Med. Wchnschr., 27, 
1901, ,386; Bergey et al., Manual, 1st ed., 
1923, 198.) From feces of normal persons 
and of dysentery patients. 


Genus II. Aerobacter Beijerincl'.* 

(Beijerinck, Cent. f. Bakt., II Abt., 6 , 1900, 193; Aerogenesbactcrium Orla-Jensen, 
Jour. Bact., 6 , 1921, 272; Colobactrum (in part) Borman, Stuart and Wheeler, Jour. 
Bact., 48, 1944, 357.) From Latin, air or gas, and rod. 

Short rods, fermenting glucose and lactose with acid and gas production. Methyl 
red test negative; Voges-Proskauer test positive. Form two or more times as much 
carbon dioxide as hydrogen from glucose; trimcthyleneglycol not produced from 
glycerol by anaerobic fermentation; citric acid and salts of citric acid utilized as 
Bole source of carbon. Grow readily on ordinary media. Facultative anaerobes. 
Widely distributed in nature. 

The type species is Aerobacter aerogenes (Kruse) Beijerinck. 

Note: Kligler (Jour. Inf. Dis., 16, 1914,187) found the fermentation of glycerol to 
bo inversely correlated with gelatin liquefaction and considered the former the more 
reliable due to occasional loss of gelatin liquefying ability. This was confirmed by 
Levine (Amer. Jour. Pub. Health, 7, 1917, 78-1) who reports that the two characters 
do not correlate perfectly. Griffinand Stuart (Jour. Bact., 40,1940,93ff.) find a similar 
correlation of characters but feel that because these characters do not correlate per¬ 
fectly, it would be better to combine the two species into a single species. 

* Completely revised by Prof. M. W. Yale, New York State Experiment Station, 
Geneva, New York, Nov., 1938; further revision, July, 1943. 
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Key to the species of genus Aerobacter. 

I. Glycerol fermented with acid and gas. 

A. Gelatin not liquefied (rarely liquefied). 

1. Aerobacter aerogenes. 

II. Glycerol fermented with no visible gas. 

A. Gelatin liquefied. 

2. Aerobacter cloacae. 


1. Aerobacter aerogenes (Kruse) Bei- 
jerinck. {Bacterium lactis aerogenes Es- 
cherich, Fortschr. d. Med., 5, 18S5, 515; 
Bacteriujn lactis Baginsky, Ztschr. f. 
phys. Chem., 12, 1888,437; not Bacterium 
lactis Lister, Quart. Jour. Micro. Sci., 
IS, 1873, 380; Bacterium aceticum Bagin¬ 
sky, ibid.', Bacillus lactantium Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 15; Bacillus lactis aerogenes Stern¬ 
berg, Manual of Bacteriology, 1893, 447; 
Bacillus aerogenes Kruse, in Fliigge, 
Die Mikroorganismen, 2, 1896, 340; not 
Bacillus aerogenes Miller, Deutsche 
med. Wchnschr., 12, 1886,119; Bacterium 
aerogenes Chester, Del. Agr. Exp. Sta., 
9th Ann. Kept., 1897, 63; not Bacterium 
aerogenes Miller, loc. ct’L; Beijerinck, 
Arch, n^erl. d. sci. exact, et nat., 4 , 1900, 
1; Encapsulatus lactis-acrogenes Castel- 
laniand Chalmers, Manual of Trop.Med., 
1919, 934; {Encapsulata) Bacillus aero- 
genes Perkins, Jour. Inf. Dis., S7, 1925, 
254; Colobacirum aerogenes Borman, 
Stuart and Wheeler, Jour. Bact., 48, 
1944, 358.) From Latin, gas-producing. 

Rods: 0.5 to 0.8 by 1.0 to 2.0 microns, 
occurring singly. Frequently capsu- 
lated. (A variety showing a transverse 
arrangement of the capsule has been 
named Aerobacter transcapsulatus by 
Thompson, Jour. Bact., 28, 1934, 41.) 
Usually non-motile. Gram-negative. 

Gelatin colonies: Thick, porcelain- 
white, opaque, moist, smooth, entire. 

Gelatin stab: Thick, spreading, white, 
opaque surface growth. No liquefaction. 

Agar colonies: Thick, white, raised, 
moist, smooth, entire. More convex 
than colonies of Escherichia colt and often 
mucoid. 


Agar slant: Abundant, thick, white, 
moist, glistening, spreading growth. 

Broth: Turbid, with pellicle and abun¬ 
dant sediment. 

Litmus milk: Acid with coagulation. 
No peptonization. 

Potato: Thick, yellowish-white to 
yellowish-brow'n, spreading wdth nodular 
outgrowths over the surface. 

Indole may or may not be formed 
(Ford, Studies from the Royal Victoria 
Hospital, Montreal, 1 , 1901-1903, 16; 
Bardsley, Jour. Hyg. (Eng.), 34, 1634, 
38; Wilson, Med. Res. Council, London, 
Spec. Kept. Ser. 206, 1935, 161). 

Nitrites produced from nitrates. 

Methyl red test negative (Clark and 
Lubs, Jour. Inf. Dis., 17, 1915, 160); 
Voges-Proskauer test positive (Durham, 
Jour. Exp. Med., 5, 1901, 373); inverse 
correlation between methyl red and 
Voges-Proskauer tests (Levine, Jour. 
Bact., 1 , 1916, 153). 

Citric acid and salts of citric acid 
utilized as sole source of carbon (Koser, 
Jour. Bact., 8, 1923, 493). 

Uric acid utilized as sole source of 
nitrogen (Koser, Jour. Inf. Dis., 35, 
1918, 377). 

Gas ratio: Two or more volumes o 
carbon dioxide to one of hydrogen forme 
from glucose (Harden and 
Proc. Roy, Soc. Series B, 77, 1905, 3 t 
Rogers, Clark and Davis, Jour. Inf. Dis-* 
14 , 1914, 411). 

Catalase produced. 

Hydrogen sulfide not produced in 
tone iron agar (Levine, Epstein an 
Vaughn, Amer. Jour. Pub. Healt , » 

1934, 505; Tittsler and SandhoBer, 
Amer. Jour. Pub. Health, 87 ,1937. l^L 
More sensitive indicators give po®* * 
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tests for hydrogen sulfide (Hunter and 
Weiss, Jour. Bact., 55, 1938, 20). 

Trimethyleneglycol not produced from 
glycerol by anaerobic fermentation 
(Braak, Onderzoekingen over Vergisting 
van Glycerine, Thesis, Delft, 1928, 212; 
Werkman and Gillen, Jour. Bact., £5, 
1932, 167). 

Sodium hippurate hydrolyzed (Hajna 
and Damon, Amor. Jour. Hyg., 19, 1934, 
545). 

Acid and gas from glucose, galactose, 
lactose, fructose, arabinose, maltose, 
raffinose, ccllobiose, salicin, esculin^ 
starch, dextrin, glycerol, mannitol, sor* 
bitol and inositol, a-methyl-glucoside 
usually fermented (Koser and Saunders, 
Jour. Bact., 94, 1932, 267). Sucrose, 
inulin, dulcitol and adonitol may or may 
not be fermented. Protopectin not fer¬ 
mented. Variable fermentation of su- 
ero.se and mannitol (Sherman and Wing, 
Jour. Bact., 55,1937,315). 

Aerobic, facultative. 

Growth requirements: Good growth on 
ordinary laboratory media. Optimum 
growth temperature about 30®C. Grows 
better at temperatures below 30®C than 
does Escherichia colt. Usually destroyed 
in 30 minutes at 60®C, but certain heat- 
resistant strains may withstand this 
exposure (Ayers and Johnson, Jour. Agr. 
Ites., 5, 1914, 401; Stark and Patterson, 
Jour. Dairy Sci., 19, 1936, 495). Gas 
not produced in Eijkmann test when 
carried out at 45® to 46®C (Eijkmann, 
Cent, f. Bakt., I Abt., Orig., 57, 1904, 
74; Levine, Epstein and Vaughn, Amer. 
Jour. Pub. Health, S4, 1934, 505). 

Habitat: Normally found on grains 
and plants and to a varying degree in the 
intestinal canal of man and animals. 
Widely distributed in nature. 

2. Aerobacter cloacae (Jordan) Bergey 
et al. {Bacillus cloacae Jordan, Kept. 
Mass. State Bd. of Health, Part II, 1890, 
836; Bacterium cloacae Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., S, 1896, 239; 
Bactllua lactie cloacae Conn, Eaten and 


Stocking, Storrs Agr. Exp. Sta., Conn., 
18th Ann. Kept, for 1906, ISO; Cloaca 
cloacae Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 938; Bergey 
el al., Manual, 1st ed., 1923, 207.) From 
Latin cloaca, sewer. 

The following are also regarded as 
identical with Aerobacter cloacae: Aero- 
bacler liquefaciens Grimes and Hennerty, 
Sci. Proc. Koyal Dublin Society, (N. S.) 
90, 1931, 93; not Aerobacter liquefaciens 
Beijerinck, Cent. f. Bakt., II Abt., 6 , 
1900,199 (monotrichous); Bacillus levans 
Wolffin, Arch. f. Hyg., 21 , 1894, 279 and 
Lehmann, Cent. f. Bakt., 16, 1894, 350 
{Bacterium levans Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 3, 1896, 235; 
Cloaca levans Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 938; 
Aerobacter levans Bergey et al.. Manual, 
1st ed., 1923, 208). 

Kods: 0.5 to 1.0 by 1.0 to 2.0 micronS; 
occurring singly. Usually motile posses¬ 
sing pcritrichous flagella. Not capsu- 
lated. Gram-negative. 

Gelatin colonies: Thin, circular, bluish, 
translucent. 

Gelatin stab: Slow liquefaction. 
Liquefying power sometimes lost (Klig- 
ler, Jour. Inf. Dis., 16, 1914, 199). 

Agar colonies: Circular, thick, opaque 
with white center, entire. 

Agar slant: Porcelain-white, smooth, 
glistening, spreading growth. 

Broth: Turbid, with thin pellicle. 

Litmus milk: Acid, coagulation, gas, 
slow peptonization. 

Potato: Growth yellowish, moist, glis¬ 
tening. 

Indole not formed (Levine, Epstein 
and Vaughn, loc. cit.; Wilson, Med. 
Res. Council, London, Spec. Kept. Ser. 
206, 1935, 161). 

Nitrites produced from nitrates. 

Methyl red test negative; Voges-Pros- 
kauer test positive. 

Citric acid and salts of citric acid 
utilized as sole source of carbon (Koser, 
Jour. Bact., 8 , 1923, 493). 

Uric acid utilized as sole source of 
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nitrogen (Koser, Jour. Inf. Dis., 53, 
1918, 377). 

Gas ratio: Glucose fermented with at 
least two volumes of carbon dioxide to 
one of hydrogen (Ilogers, Clark and 
Davis, Jour. Inf. Dis., 14, 1914, 411). 

Catalase produced. 

Hydrogen sulfide not produced in pep¬ 
tone iron agar (Levine, Epstein and 
Vaughn, Amer. Jour. Pub. Health, 24, 
1934, 505). 

Sodium hippurate not hydrolyzed 
(Hajna and Damon, Amer. Jour. Hyg., 
19, 1934, 545). 

Acid and gas from glucose, fructose, 
galactose, arabinosc, xylose, lactose, 
maltose, raffinose, dextrin, salicin, tre¬ 
halose, mannitol, sorbitol, cellobiosc and 
a-methyl-glucoside. Sucrose usually fer¬ 
mented. Inulin, esculin, starch, dul- 
citol, rhamnose and protopectin not 
attacked. Glycerol fermented with no 
visible gas (Kliglcr, loc. cit., 187; Levine, 
Amer. Jour. Pub. Health, 7, 1917, 784). 
Starch rarely fermented (Levine, ibid.). 
See Winslow, Kliglcr and Ilothberg, Jour. 
Pact., 4, 1919, 429 for review of literature. 

Fecal odor produced. 

Aerobic, facultative. 

Growth requirements: Good growth on 
ordinary laboratory media. Optimum 
growth temperature 30® to 37®C. Gas 
not produced in Eijkmann test when 
carried out at 45® to 46®C (Levine, Ep¬ 
stein and Vaughn, loc. cit.). 

Habitat: Found in human and animal 
feces, sewage, soil and water. 

Appendix: The following described 
si)ecies have been placed in i4ero6adcr 
or may belong here: 

Actinobacter polytnorphus Duclaux. 
(Duclaux, Ann. Inst. Nat. Agron., 5, 
1882, 110; Bacillus actinobacter Migula, 
Syst. d. Bakt., B, 1900, 689.) Causes 
sw’elling of cheese. Possibly this was 
Aerobacter cloacae. 

Aerobacter chinense Bergey et al. 
{Bacillus capsidatus chinensis Hamilton, 
Cent. f. Bakt., II Abt., 4, 1898, 230; 


Bacterium chinense Migula, Syst. d. 
Bakt., 2, 1900,357; Bergey etal., Manual, 
1st ed., 1923, 207.) From India ink. 

Aerobacter decolorans Burkey. (Iowa 
State Coll. Jour. Sci., 3,1928, 77.) From 
rotted potato and hay infusions. 

Aerobacter diversuin Burkey. (Iowa 
State Coll. Jour. Sci., 3,1928, 77.) From 
soil. 

Aerobacter faeni Burkey. (Iowa State 
Coll. Jour. Sci., 3, 1928, 77.) From hay 
infusions. 

Aerobacter hibernicum Grimes and 
Hcnnerty. (Sci. Proc. Royal Dublin 
Society, (N.S.) 20, 1931, 92.) From 
butter. 

Aerobacter leporis Botta. (Giorn. Bat- 
teriol. e Immunol., 23, 1939, 217.) I'rora 

liver abscess in a rabbit. 

Aerobacter melezitovorurn Burkey. 
(Iowa State Coll. Jour. Sci., 3, 1928, 
77.) From soil. 

Aerobacter peclinovorum Burkey- 
(Iowa State Coll. Jour. Sci., 3, 1928, 
77.) From creek water. 

Aerobacter oxytocum (Trevisan) Ber- 
gey et al. {Bacillus oxytocus perntciosus 
Flugge, Die Mikroorganismen, 1886 , 268, 
Bacillus oxytocus Trevisan, I generi e e 
specie delle Batteriacce, 1889, 17; Bac 
teriurn oxytocus perniciosus Chester, 
Ann. Rept. Del. Col. Agr. Exp- Sta., 3, 
1897, 139; Bacterium oxytocum Migu^ 
Syst. d. Bakt., 2, 1900, 394; EscAeric/iifl 
oxytocus Castellani and Chalmers, an 
ual of Trop. Med., 3rd ed., 

Bergey et al., Manual, 1st ed., 1923, 

From old milk. .. 

Aerobacter paraoxytocum ^ ® 
(Jorn. Dos Clinicos, No. 15, 

From a dental abscess. 

Bacillus aceris Edson and Carpent ■ 
(Edson and Carpenter, Vermont Ag ■ 

Exp. Sta. Bull. 167, 1912 , 475; . 

bacter accm Bergey et al., Manua , 
ed., 1934, 218.) From slimy maple V- 
See Manual, 5th ed., 1939, 5(W ® 

scription of this organism. 

Fabian (Ind. and Eng. Chem., 37, 

349) as Aerobacter aerogenes. 
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Bacillus aromaticus Panimel. (Pam- 
mel, Buli. No. 21, Iowa Agr. Exper. Sta., 
1893, 792; Pammel and Pammel, Cent. f. 
Bakt., II Abt., 2^ 189G, 633; Bacterium 
aromaticus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 100; F/ai’o6ac- 
teriujn aromaticum Bergey et al., Manual, 
1st ed., 1923,105.) From cabbage. Used 
as a starter for cheese making. Acid and 
gas from glucose and sucrose. See Man¬ 
ual, 5th ed., 1939, 533 for a description 
of this organism. 

Bacillus guilleheau a, b and c, von Freu- 
denreich. (Ann. de Micrographie, 2, 
1890, 353.) From mastitis milk. Cul¬ 
ture a may well have been Aerohacter 
aerogenes, b appears to have been A. 
cloacae while c was a mucoid variant (see 
Sternberg, Man. of Bact., 1893, 725). 

Bacillus subcloacae Ford. (Studies 
from the Royal Victoria Hosp., Montreal, 
1, (5), 1903, 60; also see Ford, Jour. Med. 
Res., 6y 1901, 213.) From feces. 

Bacterium liquefaciens Ford. (Studies 
from the Royal Victoria Hosp., Montreal, 
I, (5), 1903, 59; also see Ford, Jour. Med. 
Res., e, 1901, 215.) From feces. While 
Ford regards this species as identical 
with Bacillus liquejaciens Eisenberg, 
neither is adequately described and they 
differ in important characters. The 
same holds true for Bacillus liquefaciens 


Fuller and Johnson, Jour. Exp. Med., 
4, 1899, 627. 

Bacterium margaritaceum Migula. 
(Perlschnurbacillus, Maschek, Baktcriol. 
Untersuch. d. Leitmeritz. Trinkwasser, 
I^eitmeritz, 1887; Migula, Syst. d. Bakt., 

2, 1900, 422 and 1059.) From water. 
Possibly identical with Aerohacter aero- 
genes. 

Bacterium subliquefaciens Ford. 
(Studies from the Royal Victoria Hosp., 
Montreal, 1, (5), 1903, 59; also see Ford, 
Jour. Med. Res,, 6, 1901, 219.) From 
feces. 

Bacterium zeae Comes. (Bacterial 
Disease of Corn, Burrill, III. Agr. Exp. 
Sta. Bull. 6, 1889, 164; Comes, Critto- 
gamia Agraria, 1, 1891, 500; Bacillus 
secalis Ludwig, Lehrbuch der niederen 
Kryptogamen, 1892, 95; Bacillus zeae 
Russell, Bacteria in their relation to 
vegetable tissue, Thesis, Johns Hopkins 
Univ., Baltimore, 1892, 36.) From corn 
blight. Moore (Agric. Sci., 8, 1894, 
368) identified a culture received from 
Burrill as Bacillus cloacae Jordan. 
Burkey (Iowa State College Jour. Sci., 

3, 1928, 77) described five species {Aero- 
bacter indologenes, Aerohacter motorium, 
Aerohacter mitificans, Aerohacter salici- 
novorum and Aerohacter pseudoproteus) 
which are regarded as varieties of Aero- 
bacter cloacae. 


Genus III. Klebsiella Trevisan.* 

(Trevisan, Atti della accad. Fisio-Medico-Statistica in Milano, Ser. 4, 5, 1885, 
105; Calymmatobacierium Aragaoand Vianno, Mem. Inst. Oswaldo Cruz, 4> 1912, 222; 
Encapsulatus Castellani and Chalmers, Man. Trop. Med., 3rd ed., 1919, 934.) Named 
for Edwin Klebs (1834-1913), early German bacteriologist. 

Short rods, somewhat plump with rounded ends, mostly occurring singly. Encap¬ 
sulated in the mucoid phase. Non-motilc. Gram-negative. Fermentation reactions 
are highly variable but usually a number of carbohydrates are fermented. Nitrites 
are produced from nitrates. Aerobic, growing well on ordinary culture media. En¬ 
countered frequently in the respiratory, intestinal and genito-urinary tracts of man, 
but may be isolated from a variety of animals and materials. 

The type species is Klebsiella pneumoniae (Schroeter) Trevisan. 


• Rearranged by Prof. M. W. Yale, New York State Experiment Station, Geneva, 
New York, Nov., 1938; further revision by Dr. 0. B. Chapman, Syracuse Medical 
College, Syracuse, New York, December, 1945. 
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1. Klebsiella pneumoniae (Schroeter) 
Trevisan. (Pneumouiecoccus, Fried- 
laender, Arch. f. Path. Anat., 87, 1882, 
319; Bacterium pneumonie crouposae 
Zopf, Die Spaltpilze, 3 Aufl., 1885, 66; 
Klebsiella crouposa Trevisan, Atti della 
Accad. Fisio-Medico-Statistica in Mil¬ 
ano, Ser. 4, 3, 1885, 105; Ilyalococcus 
pneumoniae Schroeter, in Cohn, Krypto- 
gamen Flora von Schlesien, 3(1), 1886, 
152; Bacillus pneumoniae Fliigge, Die 
Mikroorganismcn, 2 Auh., 1886 , 204; 
Trevisan, Rend. d. R. Istit. Lombardo, 
Ser. 2, 20f 1887,94; Klebsiella friedlanderi 
Trevisan, I gencri e le specie delle Bat- 
teriacec, 1889, 26; Bacillus mucosus 
capsulatus Paulsen, Mittheil. f. d. Verein 
Schlcswig-Holsteiner Aerzte, 2, 1893, 
No. 7; Bacterium pneumoniae Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 2, 
1896, 200; Bacterium pneumonicum Mig- 
ula, Syst. d. Bakt., 2, 1900, 350; Bacillus 
friedlanderi Mac6, Traitd Pratique de 
Bact., 4th cd., 1901, 771; Encapsiilalus 
pneumoniae Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 934; 
Coccobacillus friedlanderi Neveu- 
Lemaire, Prdcis Parasitol. Hum., 5th 
cd., 1921,20; Proteus pneumoniae Weldin, 
Iowa State Coll. Jour. Sci., 1, 1926, 
149; Bacterium friedlander Weldin, idem; 
Bacillus 7nucosus-capsulatus Mason and 
Beattie, Arch, of Internal Med., 

1928, 331.) From Greek, of pneumonia. 

Rods: 0.3 to 0.5 by 5.0 microns, with 
rounded ends, often four to five times as 
long as broad, occurring singly and in 
pairs. Encapsulated. Non-motile. 
Gram-negative. 

Gelatin colonies: Dirty-white, smooth, 
opaque, entire, slightly raised. 

Gelatin stab: Dirty-white surface 
growth. Filiform growth in stab. No 
liquefaction. Gas bubbles. 

Agar colonies: White, shiny, conve.x, 
smooth, glistening, entire. 

Agar slant: Slimy, white, somewhat 
translucent, raised growth. 

Broth: Turbid, with thick ring-or film. 

Litmus milk: Variable. 


Potato: Yellowish, slimy, raised 
growth. Gas is formed. 

Nitrites produced from nitrates. 

Indole variable, usually not formed. 

Fermentation of carbohydrates highly 
variable. Acid and gas may be formed 
from glucose, lactose, sucrose, -fructose, 
galactose, maltose, mannitol and inositol. 

Methyl red test variable. 

Acetylmcthylcarbinol production vari¬ 
able. 

Blood agar; Usually no hemolysis. 

Utilization of citrate as a sole source of 
carbon variable. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Common name: Friedlander's pneumo¬ 
bacillus. 

Source: Originally isolated from spu¬ 
tum in pneumonia. 

Habitat: Associated with infections of 
the respiratory, intestinal and genito¬ 
urinary tracts of man. Encountered in 
infections of animals and may be isolated 
from a wide variety of sources. 


Note: The difficulty experienced in 
distinguishing members of this genus 
from those of Escherichia and Aerobacter 
is recognized. The members of these 
three genera exist in at least three 
growth phases, mucoid (capsulated), 

smooth and rough. 

Working with the mucoid phase ot 

Klebsiella, Julianelle (Jour. Exp. Med.. 
U, 1926, 113, 683, 735; 58, 1930, 539) de¬ 
scribed three serological types, A, B an 
C on the basis of capsular specific po y 
saccharides. There is evidence t 
other types exist. The presence o * 
generic specific somatic antigen pattern 
has not been definitely accepted. 


endix: The following organisn^ 
)e placed in Klebsiella. The eyi^ 
for differentiating them into 
species is so meagre that 

xi it may be better to consider tne 
rieties of Klebsiella pneuniomae. 
bsiella adanii Hauduroy et 
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(Diet. d. Bact. Path., 1937, 260.) From 
a case of pyelocystitis. 

Klebsiella capsulaia (Sternberg) Bor- 
gey et al. (ICapselbacillus, PfeifTer, 
Ztsebr. f. Hyg., 6, 1889, 145; Bacillus 
capsulalus Sternberg, Manual of Bact., 
1893, 431; Bacterium capsulatum Migula, 
Syst. d. Bakt., 5,1900, 349; Encapsulatus 
pfeifferi Bergey et al., Manual, 1st cd., 
1923, 239; Bergey et al., Manual, 2nd 
ed., 1925, 265.) From purulent exudate 
from stomach of a guinea pig. 

Klebsiella crassa Trevisan. {Bacillus 
spuligenus crassus Kreibohm, Inaug. 
Diss., Gottingen, 1889; abst. in Cent, 
f. Bakt., 7, 1890 , 313; Bacillus crassus 
spuligenus Flugge, Die Mikreorganismen, 
2 Aufl., 1886, 260; Trevisan, I generi e 
le specie delle Batteriacoe, 1889, 25; 
Bacterium spuligenes crassus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 
9, 1897, 88; Bacterium crassum Chester, 
Man. Determ. Bact., 1901, 151.) From 
sputum. 

Klebsiella cuniculi Hauduroy et al. 
{Bacillus capsulalus pyae}niae cuniculi 
Koppinayi, Ztschr. f. Tiermed., It, 
1907, 429; Hauduroy ct al.. Diet. d. Bact. 
Path., 1937, 262.) From pleuroperi- 
carditis in a rabbit. 

Klebsiella genitalium (Dimock and 
Edwards) Hauduroy ct al. {Encapsula- 
tus genitalium Dimock and Edwards, 
Jour. Amer. Veter. Assoc., 70, 1927, 469; 
Hauduroy et al., Diet. d. Bact. Path., 
1937, 264.) From infections in the gen- 
ito-urinary organs of mares. 

Klebsiella granulomatis (Aragao and 
Vianna) Bergey et al. {Calymmatobac- 
terium granulomatis Arag5o and Vianna, 
Mem. do Inst. Oswaldo Cruz, Rio de 
Janeiro, 4, 1912, 211; Encapsulatus in- 
guinalis Bergey et al., Manual, 1st ed., 
l923,238; Bergey et al., Manual, 2nd ed., 
l025, 264.) From granuloma inguinale. 


Klebsiella ozaenae (Abel) Bergey et 
al. {Bacillus jnucosus ozaenae Abel, 
Cent. f. Bakt., 13, 1893, 167; Bacillus 
ozaenae Abel, ibid., 172; not Bacillus 
ozaenae Migula, Syst. d. Bakt., 1900, 
645, 662; f Bacillus capsulalus mucosus 
Fasching, Sitzgsber. Wien. Akad., Ill 
Abt., 100, 1891 {Bacterium capsulalus 
mucosus Chester, -\nn. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 130; Bactcriu7n 
faschingii Migula, Syst. d. Bakt., 2, 1900, 
355; Bacillus capsulatus-mucosus Hol¬ 
land, Jour. Bact., 6, 1920, 217; Bacterium 
mucosum capsulaiwn Holland, ibid., 
221; Bacterium mucosum-capsulaUim 
Holland, ibid., 217); Bacterium ozaenae 
Lehmann and Neumann, Bakt. Diag., 
1 Aufl., 2, 1896, 204; Bacterium mucosus 
ozaena Chester, Ann. Rept. Del.. Col. 
Agr. Exp. Sta., 0, 1897, 138; Encapsulata 
ozenae Bergey ct al., Manual, 1st ed., 
1923, 240; Bergey et al., Manual, 2nd 
ed., 1925, 266.) From cases of ozena. 

Klebsiella parahjtica Calm, Wallace 
and Thomas. (Wallace, Lyell, Thomas, 
Alvin and Cahn, Proc. Soc. Exp. Biol., 
29, 1932, 1908; Cahn, Wallace and 
Thomas, Science, 76, 1932, 385; Wallace, 
Cahn and Thomas, Jour. Inf. Dis., 63, 
1933, 386; Klebsiella aids Hauduroy et 
al., Diet. d. Bact. Path., 1937, 260.) 
From intestine of tick {Dermacentor 
albipictus) and thought to be the cause of 
tick paralysis of moose. 

Klebsiella rhinoscleromatis Trevisan. 
(Rhinoscleromabacillus, v. Frisch, Wien, 
med. Wchnschr., 1882; Cornil, Progres 
Medical, 1883; Trevisan, Rend. d. R. 
Istit. Lombardo, Ser. 2 , 20, 1887 , 95; 
Bacterium rhinoscleromatis Migula, Syst. 
d. Bakt., 2, 1900, 352; Bacterium nasalis 
Chester, Man. Determ. Bact., 1901, 134; 
Bacillus rhinoscleromatis Winslow, Klig- 
ler and Rothberg, Jour. Bact., 4, 1919, 
491.) From cases of rhinoscleroma. 
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*Appendix I. Tribe Eschericheae: Borman, Wheeler and Stuart (Jour. Bact.,^5, 
1944, 301} place coliform-like bacteria that are slow lactose-fermenters in a separate 
genus Faracolohaclrurn as follows: 


GcJius A. Paracolobactrum Borman, Stuart and Wheeler. 

{Paracolibacille, Widal and Nobecourt, Semaine Mdd., 17, 1897,285; Borman, Stuart 
and Wheeler, Jour. Bact., 48, 1944, 361.) 

Short rods characterized by consistently delayed fermentation of lactose (occasion¬ 
ally negative). Glucose is fermented with formation of visible gas. Certain forms 
attack carbohydrates characteristically at 20® to 30°C but not at 37®C. Antigenic 
relation.shii)S to other genera in the family are common, even with respect to major 
antigens. 

The type species is Paracolobactrum aerogenoides Borman, Stuart and Wheeler. 


Key to the species of genus Paracolobactrum. 

I. Acetylmethylcarbinol produced. 

1. Paracolobactrum aerogenoides. 

II. Acetylmethylcarbinol not produced. 

A. Citric acid utilized as a sole source of carbon. 

2. Paracolobactrum intermedium. 

B. Citric acid not utilized as a sole source of carbon. 

3. Paracolobactrum coliforme. 


1. Paracolobactrum aerogenoides Bor¬ 
man, Stuart and Wheeler. (Para-aero- 
genes, Stuart, Wheeler, Rustigian and 
Zimmerman, Jour. Bact., ^6, 1943, 117; 
Borman, Stuart and Wheeler, Jour. Bact., 
48, 1944, 361.) Latinized, resembling 
aerogenes. 

Characters as for Aerobacter aerogenes 
and Aerobacter cloacae e.xcept for con¬ 
sistently delayed fermentation of lactose. 

Source: From human gastroenteritis. 

Habitat: Surface water, soils, grains, 
as well as the intestinal tract of animals, 
including man. 

2. Paracolobactrtim intermedium Bor¬ 
man, Stuart and Wheeler. (Para- 
freundii, Stuart et al.. Jour. Bact., 48, 
1943, 117; Borman, Stuart and Wheeler, 
Jour. Bact., 48, 1944, 361.) From Latin 
intermedins, intermediate. 

Characters as for Escherichia freundii 
and Escherichia intermedium except for 
consistently delayed fermentation of 
lactose. 

Source: From human gastroenteritis. 

Habitat: Surface water, soil,grains,as 
well as the intestinal tract of animals, in¬ 
cluding man. 


3. Paracolobactrum coliforme Borman 
Stuart and Wheeler. (Para-coli, Stuart 
et al., Jour. Bact., 45,1943, 117 ; Borman, 
Stuart and Wheeler, Jour. Bact., 48> 
1944, 361.) Latinized, resembling coli- 
Characters as for Escherichia coH 
except for consistently delayed fermen¬ 
tation of lactose. 

Source: From human gastroenteritis- 
Habitat: Surface water, soil, grainSi 
as well as intestinal tract of animals, in¬ 
cluding man. 

Note: The following also belong 
Bacterium paracoli Stutzer an 

Wsorow. (Non-lactose-fermenting 

terium colt, Gilbert and Lion, Semaine 
IVUd., IS, 1893, 130; Stutzer and Wsorow. 
Cent. f. Bakt., II Abt., 71, 1927, llSd 
From intestines of healthy larvae o a 
moth (Euxoa segetum). 

Salmonella para-colon (Day) 
et al. {Bacillus para-colon Day; see 
tellani, Cent. f. Bakt., I Abt., Ong.» 
66, 1912, 264; also Castellani ^ 
mere,Man. Trop. Med., 3rd ed-, 19 > 
Hauduroy et al., Diet. d. Bact. 


1937, 461.) 


• Prepared by Dr. E. K. Borman, Bureau of Laboratories, State Departm 
Health, Hartford, Connecticut, July, 1945. 
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^Appendix II, Tribe Eschericheae: Gram-negative, peritriclious to iion-mofilc 
rods similar to organisms placed in Paracolobaclrum, Scrrolia and Salmonella have 
recently been described as causing diseases of reptiles, birds and mammals. They 
may be grouped here although they have been placed in several different genera. 


1. Bacterium sauromali Conti and 
Crowley. (Jour. Bact., Sff, 193S, 269.) 
From a generic name of lizards, 
Sauromalus. 

Short rods: 0.2 to 0.5 by 1.0 to 2.0 
microns, with rounded ends, occurring 
in groups. Motile with 4 to 6 peri- 
trichous flagella. Gram-negative. 

Gelatin: In.^undibuliform liquefaction 
complete in 3 days at 37®C. Black sedi¬ 
ment. Medium browned. 

Agar slant: Growth abundant, spread¬ 
ing, convex, faint yellowish-green, glis¬ 
tening, smooth, translucent, butyrous. 
Decided odor. Medium greened. 

Nutrient broth: After 1 day at 37®C, 
moderate turbidity. Ring. Decided 
odor. Scanty flocculent sediment. 

Milk: Alkaline and complete pepto¬ 
nization in ten days. 

Indole not formed. 

Potato: Growth yellowdsh-green to 
olive. 

Blood medium: Complete alpha 
hemolysis in 48 hours. 

Peptone medium: Slight fluorescent 
greenish-yellow pigmentation. 

Nitrites produced from nitrates. 
Ammonia is produced. 

Acid and gas from glucose, sucrose, 
maltose, galactose, fructose, salicin and 
mannitol. Acid but not gas from gly¬ 
cerol. No acid from lactose, arabinose, 
xylose, dextrin, inulin, dulcitol or starch. 
Hydrogen sulfide produced. 

Catalase positive. 

Methyl red test positive. 

Pathogenic for animals. 

Temperature relations: Optimum 
37®C. Minimum 20®C. Maximum 45®C. 
Aerobic. 

Source: From a tumor-like growth on 
the chuckawalla (Sauromalus varius). 
Habitat: Causes tumors in lizards. 


2. Serratia anolium Duran-Rcynals 
and Clausen. (Jour. Bact., 5S, 1937, 
369.) From a generic name of lizards, 
Anolis. 

Rods: 0.2 to 0.4 by 1.0 to 2.0 microns, 
occurring singly, in pairs, in clusters and 
palisades. Pleomorphic, other forms be¬ 
ing 4 to 5 microns in length, curved, 
occasionally club-likc, or 10 to 15 microns 
long and surrounded by a capsular mate¬ 
rial, or occasionally small and coccus-like. 
Motile (Duran-Reynals and Clausen) 
with 1 to 4 peritriclious flagella (Breed). 
Non-acid-fast. Gram-negative. 

Gelatin stab: Rapid growth. Lique¬ 
faction infundibuliform. After 6 to 10 
days a thick soft pellicle and blackish 
sediment is formed. 

Agar colonies: After 24 hours at 37®C, 
isolated colonies are low, convex, margin 
entire or slightly undulate. Colonies 
translucent, butyrous, glistening, 
smooth, 1.0 to 2.5 mm in diameter. While 
some colonies retain their smooth char¬ 
acter, others become larger, striated and 
ivrinkled, showing opaque, radiated folds 
with irregularly crenated edges and a 
rougher texture. Penetrating acid smell 
produced. 

Agar slant: After 24 hours at 37®C, 
abundant, confluent, raised, whitish, 
butyrous, glistening, with entire or 
undulate edges. 

Broth: Moderate growth with uniform 
turbidity. A pellicle is formed which 
disintegrates forming a ring on the walls 
of the tube. Sediment. Faint fluores¬ 
cent yellowish coloration. 

No visible gas inglucose broth (Breed). 

Peptone water: After 6 to 10 days 
marked turbidity, medium darkened, 
blackish sediment formed. 

Litmus milk: Coagulation and diges¬ 
tion. Partial discoloration of the litmus. 


• Prepared by Prof. Robert S. Breed, New York State Experiment Station, 
Geneva, New York, June, 1946. 
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Potato: Gro^ib abundant, butyrous, 
glistening, raised, pinkish. 

. Indole not formed. 

' Blood is hemolyzed. 

Loeffler’s serum: .Abundant, glistening 
growth. Liquefaction. 

No rijS produced. 

Ammonia is produced. 

Although Duran-Reynalg and Clausen 
report nitrites not produced from ni¬ 
trates, a retest of their cultures by 
Breed has shown that nitritesare actively 
produced from nitrates. 

Acid from glucose, fructose, sucrose, 
mannitol, maltose, galactose and salicin. 
Dextrin, lactose, inulin, dulcitol, xylose 
and arabinose slightly attacked or not at 
all. 

Pigment production: Water-soluble 
pigment produced. Pink coloration best 
shown on glycerol potato. Reddish col¬ 
oration best shown in peptone water with 
2 per cent glucose, the yellow coloration 
in glucose broth and the black coloration 
in the sediment of liqueSed gelatin and 
peptone water. Some non-pigmented 
strains. 

Temperature relations: Grows well at 
20®C, Growth more abundant at 37®C, 
Practically no growth at 10®C. Thermal 
death point 60°C for 20 minutes. 

Aerobic. 

Pathogenicity: Pathogenic for am¬ 
phibians, reptiles and to some extent hsh. 
Lesions are produced in the iguanid liz¬ 
ards {Anolis equeslris and Anolis carolu 
nensis), the gekkonid lizards {Tarenlola 
maurilanica and Hemidactylus brookii), 
the garter snake {Thamnophis butleri) 
and the brown snake {Storeria dekayi)^ 
the musk turtle {Slemolhaerus odorattt$)f 


the toad (Bvfo americanus), the frog 
(Rana pipiens) and the catfish {Ameiu^ 
TQs melas). When the inoculated animal 
is kept at 37®C, the disease becomes 
general and usually is fatal. Non-patho- 
genic for warm-blooded animals (Clausen 
and Duran-Reynals, Amer. Jour. Path., 
13, 1937, 441), 

Source: From tumor-like lesions in 
Cuban lizards {Anolis equeslris). Also 
isolated from iguanid lizards {BasiUscus 
villatus) from Mexico by Clausen and 
Duran-Reynals {loc. oil.). 

Habitat: The cause of a natural, non- 
fatal, contagious disease of lizards. 

3. Salmonella sp. (Type Arizona). 
{Salmonella sp., Dar es salaam Type var. 
from Arizona, Caldwell and Ryerson, 
Jour. Inf. Dis., ^5, 1939. 245; Salmonella 
arizona Kauffmann, Acta Path, et Micro¬ 
biol. Scand., 17, 1940, or 19, 1942; Ari¬ 
zona culture, Edwards, Cherry and Bru¬ 
ner, Jour. Inf. Did., 73, 1943, 236; Sal¬ 
monella arizona Group, Edwards, Jour. 

Bact., 49, 1945, 513.) 

Ferments lactose and liquefies gelatin. 

Antigenic structure: XXXIII: Zi, 

Z26 ♦ 

Source: Isolated by Caldwell and y 
erson {loc. cit.) from horned liznr s, 
Gila monsters and chuckawallas. Also 
pathogenic for guinea pigs and rabbits. 
Found in snakes by Hinshan' 
McNeill (Cornell Vet., 34, 19^- 248)' 
Also reported by Edwards {loc. ct ■ 

from infants. . 

Habitat: Apparently widely distr- 

buted in lizards, snakes, and 

blooded animals. 
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TRIBE II. ERWINEAE WINSLOW ET AL. 

(Jour. Bact., 5, 1920, 209.) 

Motile rods which normally require organic nitrogen compounds for growth. Pro¬ 
duce acid with or without visible gas from a variety of sugars. In some species, the 
number of carbon compounds attacked is limited and lactose may not be fermented. 
May or may not liquefy gelatin. May or may not produce nitrites from nitrates. In¬ 
vade the tissues of living plants and produce dry necrosis, galls, wilts and soft rots. 
In the latter case, a protopectinase destroys the middle lamellar substance. 

There is a single genus. 

Genus /. Erwinla Winslow et al* 

(Jour. Bact., 2, 1917, 560.) Named for Erwin F. Smith, pioneer American plant 
pathologist. 

Characters as for the tribe. 

The type species is Erwinia arnylovora (Burrill) Winslow et al. 

Key to the species of genus Erwinla. 

I. **Pathogeus which cause dry necrosis, galls or wilts in plants but not a soft rot 
{Erwinia sensu stricto). 

A. Gas not produced in sugar media. 

1. Gelatin liquefied. 


a. Starch not hydrolyzed. 

b. Nitrites not produced from nitrates. 

1. Erwinia arnylovora. 
bb. Nitrites produced from nitrates. 

2. Erwinia milletiae. 

# 

aa. Starch hydrolyzed. 

b. Nitrites produced from nitrates. 

3. Erwinia vilivora. 

aaa. Action on starch not reported. 

b. Nitrites produced from nitrates. 

4. Erwinia cassavas. 


2. Gelatin not liquefied. 

a. Starch not hydrolyzed. 

b. Nitrites produced from nitrates. 

6. Erwinia salicis. 

bb. Nitrites not produced from nitrates. 

6. Erwinia tracheiphila. 


* Completely revised by Prof. F. D. Chester, New York, N. Y., December, 1938; 
further revision by Prof. Walter H. Burkholder, Cornell University, Ithaca, New 
York, May, 1945. 

•* The genus Ertinnia as defined here is heterogeneous in nature and is composed 
of at least two distinct groups. The first group constitutes Erwinia proper and does 
not produce visible gas from sugars. Waldee (low'a State Coll. Jour. Sci., 19, 1945, 
435) in a paper that appeared as this manuscript was ready for the press has sug¬ 
gested tliat the species in this first group be placed in a separate family Erwiniaceae. 
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II. tPathogens which normally cause a soft rot in plants (largely belong in the genus 
Pcclohactcrium Waldee). 

A. Gas produced in sugar media. 

1. Gelatin liquefied. 

a. Nitrites produced from nitrates, 

b. Hydrogen sulfide produced. 

7. Erivinia belivora. 

8. Erwinia carnegieana. 


bb. Hydrogen sulfide not produced. 

9. Erwinia atroseptica. 

10. Erwinia carotovora. 
aa. Nitrites not produced from nitrates. 

11. Erwinia erivanensis. 

12. Erwinia flavida. 

2. Gelatin not liquefied, 
a. Starch hydrolyzed. 

13. Erwinia dissolvens. 

aa. Starch not hydrolyzed. 

14. Erwinia nimipressuralis. 

B. Gas not produced in sugar media. 

1. Gelatin liquefied. 

a. Nitrites produced from nitrates, 
b. Starch hydrolyzed. 

15. Erwinia ananas. 

16. Erwinia cxjtolytica. 

bb. Starch not hydrolyzed, 

c. Acid from lactose. 


17. Erwinia aroideae. 

18. Erwinia mangiferae. 

cc. No acid from lactose. 

19. Erwinia citrimaculans. 

2. Gelatin not liquefied. 

20. Erwinia rhaponlici. 

3. Very slow gelatin liquefaction. 

a. Nitrites not produced from nitrates. 

21. Erwinia lathyri. 

C. Gas production not reported. 

1. Gelatin liquefied. 

a. Nitrites produced from nitrates. 

22. Erwinia lilii. 



t The second group of species usually causes soft rots, but includes a few not very 
typical species. Waldee {loc. cH.) has proposed that the species that cause typ^ 
soft rot be placed in a new genus, Pectobaclerium, with Pectobaclerium carotovorum 
the type species. The new genus is retained in the family Enterobactertaceae. 
dee would place the atypical species in other genera, Erwinia dissolvens for . 

being placed in the genus Aerobacter, As further comparative studies are nee ^ 
before such changes can be made with confidence, the older arrangement isallowe 
stand in this edition of the Manual. 
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1. Erwinia amylovora (Burrill) Wins¬ 
low et al. {Micrococcus amylovorus Bur- 
rill, Illinois Indust. Univ., 11th Kept., 

1882, 142; American Naturalist, 17, 

1883, 319; Bacillus amxjlovorus Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 19; Bacterium amylovorus Chester, 
Del. Col. Agr. Exp. Sta., 9th Ann. Kept., 
1897, 127; Bacterium amylovorum Ches¬ 
ter, Manual Determ. Bact., 1901, 176; 
Winslow et al., Jour. Bact., 5,1920, 209.) 
From Latin, starch devouring. 

Description mainly from Ark, Phyto¬ 
path., $7, 1937, 1. 

Rods; 0.7 to 1.0 by 0.9 to 1.5 microns, 
occurring singly, in pairs and sometimes 
in short chains. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Circular, whitish, 
amorphous, entire. 

Gelatin stab: Slow crateriform lique¬ 
faction confined to the upper layer. 

Agar colonies: Circular, grayish-white, 
moist, glistening, irregular margins. 

Broth: Turbid, with a thin granular 
pellicle. 

Potato: Growth white, moist, glisten¬ 
ing. Medium not softened. No odor. 
No pigment. 

Litmus milk: Coagulated after 3 to 4 
days to a pasty condition, with a separa¬ 
tion of whey. At first acid, becoming 
alkaline. Litmus reduced. There is a 
gradual digestion of the casein. 

Blood serum: Growth similar to that 
on agar. No liquefaction. 

Dunham’s solution: Rapid growth, 
but clouding not dense. 

Indole not produced. 

Nitrites not produced from nitrates. 
Most of the strains gave a positive test 
for ammonia in broth, a few showed only 
a slight positivef test. 
Acetylmcthylcarbinol produced. 
Growth in synthetic media with 
(NH 4 )jHP 04 as a source of nitrogen and 
containing dilTcrcnt carbohydrates. 

Acid without gas from glucose, sucrose, 
arablnose, mannose, fructose, maltose, 
cellobiose, raffinose, salicin and amyg- 


dalin. Xylose, rliamnose, dulcitol and 
starch not fermented. Acid production 
from lactose and galactose variable. 
Utilizes salts of citric, malic, and hip- 
puric acid. Action on salts of lactic and 
succinic acids variable. Salts of benzoic, 
maleic, malonic, oxalic, tartaric and val¬ 
eric acid are not utilized. 

Asparagine fermented with production 
of alkali. Glycine, valine, isoleucine, 
glutamic acid, cystine, tyrosine, trypto¬ 
phane and urea not fermented. 

Minimum temperature between 3® and 
8®C. Maximum below 37®C. 

Optimum pH 6.8. Minimum pH 4.0 
to 4.4. Maximum pH 8.8. 

Source: From the blossoms, leaves and 
twigs of the pear and apple. 

Habitat: Attacks a large number of 
species in several tribes of the family 
Rosaceae (Elliott, Manual Bact. Plant 
Pathogens, 1930, 19). 

2. Erwinia milletiae (Kawkami and 
Yoshida) Magrou. {Bacillus milletiae 
liawkami and Yoshida, Bot. Mag., Tokyo, 
5^, 1920, 110; Magrou, in Hauduroy et 
al., Diet. d. Bact. Path., 1937, 213.) 
From Millelia^ a genus named for A. J. 
Millett. 

Rods: 0.4 to 0.6 by 0.9 to 2.5 microns. 
Motile with peritrichous flagella. Cap¬ 
sules. Gram-negative. 

Gelatin: Liquefaction begins after 8 
days. 

Agar colonies: Circular, flat, smooth, 
shiny, opaque, waxy yellow. Margins 
entire. 

Broth: Turbid. Heavy precipitate. 

Milk: No coagulation. Clears with 
alkaline reaction. 

Conjac: No liquefaction. 

Nitrites produced from nitrates. 

Acid.but no gas from galactose, fruc¬ 
tose, lactose, maltose, sucrose and man¬ 
nitol. No acid from glycerol. 

Starch not hydrolyzed. 

Growth in 0.2 per cent but not in 0.3 
per cent of the following acids in sucrose 
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peptone broth: Acetic, citric, oxalic and 
tartaric. 

Aerobic. 

Grows well at 32°C. Thermal death 
point, 53“C for 10 min. 

Source: From galls on the Japanese 
wisteria in various localities in Japan. 

Habitat: Causes galls on the Japanese 
wisteria, Milleiia floribunda. 

3. Erwinia vitivora (Baccarini) du 
Plessis. {Bacillus vitivorus Baccarini, 
Bull, della Soc. Bot. Ital., 1894 , 235; 
du Plessis, Dept. Agr. and Forestry Union 
of S. Africa, Science Bui. 214, 1940, 58.) 
From Latin, devouring tlic vine. 

Note: Macchiati (Bol. della Soc. Bot., 
1897, 156) uses the name Bacillus bacca- 
rinii for Bacillus vilivorus. The tle- 
scription Macchiati gives is not of 
Erwinia vitivora but is evidently that 
of a saprophyte occurring with tlx* patho¬ 
gen. He conducted no inoculation ex¬ 
periments. Migula (System der Bak- 
terien, 1900, 778) gives Bacillus viti- 
vorus Bacc. (Malpighia, 6, 1892, 229) 
which is an incorrect citation and Bacil¬ 
lus baccarinii Macch. 1897, as synonyms 
of Bacillus gunmis Comes 1884. It is 
impossible to determine what this latter 
species is. Du Plessis {loc. cit.) does 
not believe Bacillus gummis is the same 
as Erwinia vitivora. 

Rods: 0.74 (0.44 to 1.10) by 1.46 
(0.95 to 2.19) microns. Cells sometimes 
dumbbell-shaped. Motile with peritri- 
chous flagella. Gram-negative. Capsules 
present. 

Gelatin: Liquefaction. 

Agar colonies: First punctiform, irregu¬ 
larly circular or lenticular, ultimately 
circular, raised to pulvinate, glistening, 
spreading, light to orange-yellow. Agar 
becomes brown. 

Broth: Turbid in 24 hrs. Whitish to 
lemon yellow pellicle. 

Milk: Litmus reduced. Thread-like 
to spongy curd formed. Yellow whey 
about curd. Yellow growth on top of 
plain milk. Medium acid. 


Uschinsky’s solution: Slowly becomes 
turbid. Pellicle. Sediment whitish- 
yellow. 

Nitrites produced from nitrates. 
Hydrogen sulfide produced. 

Acid produced from glucose, fructose, 
xylose, lactose, sucrose, mannitol and 
salicin. No acid from raffinose or inulin. 
Starch hydrolyzed. 

Facultative anaerobe. 

Temperature relations: Optimum 25 C. 
Maximum 35“ to 40“C. Minimum 5° to 

10“C. 

Optimum pH 6.0. Minimum 4.2. 
Source: Du Plessis used 5 isolates from 
various localities in South Africa. 

Habitat: Causes a disease of grape vines 
in South Africa. Italv and France. 


4. Erwinia cassavae (Handsford) comb- 
nov. {Bacterium cassavae Handsford, 
Ann. Rept. Dept. Agric. Uganda for 
1937, II, 1938, 48.) From cassava, the 
host plant. 

Rods: Motile with a few peritrichous 
flagella. No capsules. Gram-negative- 

Gelatin is slowly liquefied. 

Agar colonics: Smooth, lens-s ape . 
edges entire, translucent and of uni o 
structure. Yellow. . 

Broth: Turbid with a ring. A yen 

precipitate in old cultures. ^ 

Milk becomes alkaline. Not clear ■ 
Nitrates are rapidly reduced to 

trites. v,%otvl- 

Mcthyl red test negative. AC > 

methylcarbinol produced (Dowson, 

f. Bakt., II Abt., 100, 1939, 183). 

Acid but no gas from glucose, su ’ 
nmltose and glycerol, but not from 

tose. 

Facultative anaerobe. 

Source: From necrofic lesions o 

sava leaves in Uganda. t/ani- 

Habitat; Pathogenic on cassava, ^ 

hot sp. 

5. Erwinia salicis (Day) 
{Bacterium salicis Day, Dx or 
Mem., S, 1924, 14; Pkytomonas 
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Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 408; Chester, in Ber- 
gey et al., Manual, 5th ed., 1939, 406.) 
From Latin salix, willow; AI. L. generic 
name, Salix. 

Description from Dowson, Ann. Appl. 
Biol.. S4, 1937, 542. 

Rods: 0.5 to 0.7 by 0.8 to 2.2 microns, 
occurring singly or in pairs, rarely in 
clrnins, with rounded ends. Motile with 
5 to 7 long peritrichous flagella. Gram¬ 
negative. 

Gelatin stab: Beaded growth. No 
liquefaction. 

Infusion agar: Colonies appear slowly, 
circular, with slightly uneven margins, 
pale brown by transmitted light, pale 
gray by reflected. 

Infusion agar slants: Growth thin, 
nearly transparent. 

Broth: Moderate, uniform turbidity. 
No pellicle. 

Litmus milk: No change. 

Potato: Bright yellow, later fading to 
pale brown, spreading, abundant, glisten¬ 
ing, slimy growth. 

Indole not formed. 

Nitrites produced from nitrates (Dow¬ 
son). 

Hydrogen sulfide not produced. 

Ammonia not produced. 

Acetylmethylcarbinol produced. 
Methyl red test negative (Dowson, Cent, 
f. Bakt., 11 Abt., WO, 1939, 183). 

Acid, but no gas, from glucose, galac¬ 
tose, mannose, xylose, maltose, sucrose, 
raffinose, glycerol, mannitol and salicin. 
No growth in arabinose, fructose, rham- 
nose, inulin or dextrin. 

No growth in Cohn's solution. 

Starch not hydrolyzed. 

Temperature relations: Optimum 29“ 
to 30“C. Minimum 5“ to 10“C. Maxi¬ 
mum 33* to 37*C. Thermal death point 
60* to 52*C. 

Aerobic, facultative anaerobic. 

Source: From the cricket-bat willow 
(5aitz caerulea) and from the white 
willow {Salix alba). 

Habitat: Causes a water-mark disease 
of willow in England. 


6. Erwinia tracheiphila (Erw. Smith) 
Holland. {Bacillus tracheiphilus Erw. 
Smith, Cent. f. Bakt., II Abt., 1, 1895, 
364; Bacterium tracheiphilus Chester, 
.\nn. Kept. Del. Col. Agr. Exp. Sta., 
9, 1807, 72; Smith, see Bacteria in Rela¬ 
tion to Plant Diseases, 3, 1011, 286; 
Holland, Jour. Bact., 5, 1920, 215.) 
From Greek, trachea-loving, i.o., live 
in fibrovascular bundles. 

Rods: 0.5 to 0.7 by 1.2 to 2.5 microns, 
with rounded ends, occurring singly and 
in pairs, more rarely in fours. Motile 
with peritrichous flagella. Capsulated. 
Gram-negative. 

Gelatin colonies: Small, circular, gray¬ 
ish-white, smooth, glistening. Show in¬ 
ternal striae by transmitted light. 

Gelatin stab: Surface growth thin, 
spreading, grayish-white. Slight filiform 
growth in depth. No liquefaction. 

Agar colonies: Small, circular, grayish- 
white, smooth, glistening. 

Agar slant: Growth gray, smooth, 
filiform, moist, glistening. 

Broth: Slight turbidity. No ring or 
pellicle. 

Potato: Grow’th white or color of sub¬ 
stratum, smooth, moist, glistening. No 
action on the starch. Does not soften 
the middle lamella of potato cells. 

Litmus milk: Not coagulated. Reac¬ 
tion unchanged. Litmus not reduced. 
Not peptonized. 

Egg albumen: Not digested. 

Blood serum: No liquefaction. 

Cohn’s solution: No growth. 
Uschinsky’s solution: Weak growth. 
Fermi's solution: Weak growth. 

Indole not formed in Dunham’s solu¬ 
tion. 

Nitrites not produced from nitrates. 
Ammonia production moderate. 

Cannot utilize asparagine, ammonium 
lactate or tartarate as sources of nitrogen. 

Acid without gas from glucose, sucrose 
and fructose; growth in closed arm. 
Acid from glycerol. No growth in closed 
arm with lactose, maltose, dextrin, gly¬ 
cerol or mannitol. No acid from lactose. 
Starch not hydrolyzed. 
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Hydrogen sulfide production feeble. 
Growth in broth with 1.0 per cent NaCl 
retarded; inhibited with 2.0 per cent. 

Very sensitive to acid (phenolphtha- 
lein); 

Temperature relations: Optimum 25® 
to 30°C. Minimum about 8®C. Maxi¬ 
mum 31® to 35®C. Thermal death 
point 43®C for one hour. 

Aerobe and facultative anaerobe. 
Source: From various curcurbits. 
Habitat: Causes the wilt of cucumber, 
also affects cantaloupes, muskmelons, 
pumpkins and squashes. 

6a. Bacillus irachciphilus var. cucurnis 
E. F. Smith. (An Introduction to Bact. 
Dis. of Plants, 1920, 135.) Smith states 
that squash is immune to this variety of 
Erwinia tracheiphila. 

7. Erwinia betivora (Takimoto) Ma- 
grou. {Bacillus hetivorus Takimoto, Ann. 
Phyt. Soc. Japan, 2, 1931, 356; Magrou, 
in Hauduroy et al.. Diet. d. Bact. Path., 
Paris, 1937, 200). From Latin, devour¬ 
ing the beet. 

Rod: Short rods, sometimes filaments. 
Motile with 2 to 6 peritrichous Bagella. 
Gram-negative. 

Gelatin: Liquefaction. 

Agar colonies: Circular or amoeboid, 
homogenous, thin, edges smooth and 
entire. 

Broth: Turbid with pellicle. 

Milk: Acid, coagulated. 

Nitrites produced from nitrates. 

Indole produced. 

Hydrogen sulfide produced. 

Gas from glucose and sucrose. 
Facultative anaerobic. 

Optimum temperature 35®C. Minimum 
12®C. Maximum 45®C. Thermal death 
point 50®C for 10 min. 

Source: From rot of sugar beets in 
Korea. 

Habitat: Pathogenic on roots of beets. 
Artificial inoculation of carrots, radishes, 
Ix>tato tubers and tomato fruits gave 
positive results. 


S. Erwinia camegieana Lightle, Stand- 
ring and Brown. (Phytopath., S2, 1942, 
310.) From the genus Carnegica. 

Rods: 1.12 to 1.79 by 1.56 to 2.90 
microns. Motile with peritrichous flag¬ 
ella. Capsules. Gram-positive (Lightle 
et al,). Gram-negative; old cultures 
show Gram-positive granules in cells 
(Burkliolder). 

Gelatin: Slow liquefaction. 

Agar colonics: Round, slightly raised, 
smooth, gray-white, wet-shining, mar¬ 
gins entire. 

Broth: Abundant growth. 
Uschinsky’s solution: Turbid, slight 
ring and sediment. ^ 

Milk: Litmus pink to reduced, 
curdling. 

Nitrites are produced from nitrates. 
Hydrogen sulfide is formed (Burk¬ 
holder). 

Acid and gas from glucose, galactose, 
fructose, maltose, sucrose, raffinose, 
mannitol and salicin. Acid and gas 
from lactose and xylose and alkali from 

sodium tartrate (Burkholder). 

Starch not hydrolyzed (Burkholder). 

No odor. 

Aerobic. 

Thermal death point 59®C. 

Source: From rotting tissue of the gia" 

cactus (Carnegica gigantia). 

Habit.it; Pathogenic on the giant cac- 

tus, but not on carrots. 


9. Erwinia atroseptica (van Hall) 
Jennison. (Bacillus 
Hall, Inaug. Diss., Amsterdam, ’ 
134 ; Jennison, Ann. Missouri Bot. ^ 
W, 1923, 43.) From Latin ater, ba 


nd septicus, putrefying. ^ 

Synonyms: Morse (Jour. Agr. [ 

917, 79) lists the following synony 
lacillus solanisaprus Harrison, ’. 

iakt., II Abt.. ir, 1906. « 

o/am'sapra Holland, Jour. Bact., . 

22) and Bacillus mclanogenes Pe J 

iridge and Murphy, Roy. Iris 
*roc., 29, B, No. 1, 1911, 31- 
Paine (Jour. Agr. Sci., S, pt. 4, 
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492) agrees and points out that Bacillus 
phytophthorus Appel is very similar to 
Bacillus mclanogenes Pethybridge and 
Murphy. 

Jennison (Ann. Missouri Bot. Card., 
10, 1923, 1) concurs and adds Bacillus 
phytophthorus Appel, Bor. d. Deut. Bot. 
Gesell., 20, 1902, 128 (nomen nudu 7 n) and 
K. Biol. Anst. f. Land. u. Forst. Arb., 5, 
1903, 304. (This last reference contains 
Appel’s description which is antedated 
by van Hull’s description of the black 
leg pathogen.) 

Stapp (Arb. d. Biol. Reichs. f. Land- 
u. Forst., W, 1928, 702) besides the above 
species adds Bacillus carotovorus Jones 
but uses the name Bacillus phytophthorus 
and states that the species contains 5 
serological groups. 

Description from Jennison (loc. cit.). 

Rods: 0.6 by 1.5 microns. Motile with 
a few pcritrichous flagella. No capsules. 

Gram-negative. 

Gelatin liquefied. 

Agar colonies: Small, round to some¬ 
what irregular and whitish. Surface 
smooth with a glistening luster. 

Broth: Turbid after a few days. Ring 
and sometimes a liglit pellicle. 

Ammonia production feeble to moder¬ 
ate (Jennison). Ammonia production 
absent (Morse, loc. cit.). 

Milk coagulated and acid. A slow 
peptonization. Litmus reduced. 

Indole not formed. 

Hydrogen sulfide not produced. 

Nitrites are produced from nitrates. 

Acid and gas from glucose, galactose, 
sucrose, lactose, maltose and mannitol. 
No acid and gas from dextrin and glycerol. 
Volume of gas is small. 

Starch not hydrolyzed. 

Cohn's solution: No growth. 

Uschinsky’s solution: Good growth. 

Facultative anerobe (Morse, loc. cit.). 

Optimum temperature 26°C. Maxi¬ 
mum 33®C. Minimum below 5“C 
(Morse). 

Slight growth with 3 per cent salt. 
None with 4 per cent ealt. 


Source: From stems of potatoes af¬ 
fected w'ith black-leg. 

Habitat: Causes a black rot on stem 
and tuber of potatoes and other vege¬ 
tables. 

Note: Smith (Science, 31, 1910, 748) 
regarded Erwinia solanisapra and Er- 
winia phytophthora as very closely re¬ 
lated. Brooks, Nain and Rhodes (Jour. 
Path, and Bact., 28, 1925, 203) held that 
Erwinia phytophthora, Erwinia sola¬ 
nisapra and Erwinia carolovora are dis¬ 
tinct serologically, although identical 
in cultural characteristics. Borridge 
(Ann, Appl. Biol., 13, 1926, 12) claimed 
front serological tests that Erwinia 
phytophthora and Erwinia solanisapra 
are different yet closely related organ¬ 
isms. I>acey (Ann. Appl. Biol., IS, 1926, 
1) from cultural and serological tests 
considered Erwinia phytophthora, Er¬ 
winia solanisapra and Erwinia caroto- 
vora distinct species. Stapp (Arb. a. d. 
Biol. Reichanstalt f. Landw. u. Forst- 
wirtsch., 16, 1928, 643) from serological 
tests places Erwinia phytophthora in one 
serological group and Erwinia carolovora 
in another. Leach (Phytopath., 20, 
1930, 743) found that Erwinia phytoph¬ 
thora and Erwinia caro^oyora w’cre in¬ 
distinguishable in cultural and physio¬ 
logical characteristics, the most con¬ 
sistent difference being the inky black 
coloration of the tissues infected with 
the former. 

Stapp (in Sorauer, Handb. d. Pfian- 
zenk., 5 Aufl., 2, 1928, 229) states that it 
is generally believed that the disease 
caused by Bacillus solanincola Delacroix 
(Compt. rend. Acad. Sci., Paris, 1S3, 
1901, 417 and 1030) is the same as stem 
rot of potato (blackleg). 

10. Erwinia carolovora (Jones) Hol¬ 
land. (Bacillus carotovorus Jones, Cent, 
f. Bakt., II Abt., 7, 1901, 12; Holland, 
Jour. Bact., 5,1920, 222; Bacterium caro- 
iovoTum Lehmann and Neumann, Bakt. 
Diag., 7 Aufl., S, 1927, 446; Pectobac- 
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(erium carotovorum Waldec, Iowa State 
Coll. Jour. Sri., 10, 10-15, 4G9.) From 
Latin, carrot destroying. 

Synonyms: Leach (Minnesota Agr. 
Exp. Sta. Tech. Bull. 70. 1031, IS) lists 
the following as synonyms: 

Bacillus alroscpticus van Hall. (\an 
Hall, Inaug. Diss., Univ. Amsterdam, 
1002. 134; Erwinia alroseplica Jcnnison, 
.\nn. Missouri Bot. Card., 10, 1023, 43.) 

Bacillus phijtophthorns Appel. (Ber. 
il. (lout. Bot. Ges., 20, 1002, 128; Erwinia 
pinjtophtliora Holland, Jour. Bact., o, 
1020, 222; Bacterium phytophthorum 

Burgwitz, Phytopath. Bacteria, Lenin¬ 
grad, 1035, 141; Vcctohactcrium phyta- 
phihorum ^Valdee, Iowa State (’oil. Jour. 
Sci., 19, 1045, 471). 

Bacillus solanisaprus Harrison. (Har¬ 
rison, Cent. f. Bakt., II Abt., 17, 1907, 
34; Erwinia solanisapra Holland, Jour. 
Bad., 5, 1920, 222.) 

Bacillus juclauoyencs Pethybridgc and 
Murphy. (Uoy. Irish Acad., 29, B, Xo. 
1, 1911, 31.) 

Bacillus olcrnceae Harrison. (Harri¬ 
son, Science, 16, 1902, 152; L'nvinia olera- 
ceac Holland, Jour. Bact., 5, 1920, 222.) 

Bacillus omnivorus van Hall. (Inaug. 
Diss., Univ. Amsterdam, 1902, 176.) 
Bacillus apieorus Wormald. (Jour. 

Sci., 6, 1914, 203.) 

Elrod (Bot. Gaz., I03, 1941, 270) 
holds that Erwinia arouteae is a synonym 
of Erwinia carotovora. 

The followiiig also have been considered 
as possible synonj'ms of Erivinia caro~ 
lovora : 

Bacillus cepivorus Delacroix. (Dela¬ 
croix, Ann. Inst. Nat. Agron., S4r 2, 
5, 1905, 368; Baclerium cepivorum Stapp, 
in Sorauer, Handb. d. Pflanzenkrank- 
heiten, 5 Aufl., 2, 1928, 49; Aplanobacter 
cepivorus Elliott, Man. Bact. Plant Path., 
1930, 4; Fhyiotnotias cepivora Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
1937, 344.) Causes a rot of onion bulbs. 

Bacillus cypripedii Hori. (Hori, 
Cent. f. Bakt., H Abt., 31, 1911, 85; 
Ervnnia cypripedii Bergey et al., Manual, 
1st ed., 1923, 171.) 


Bacillus dahliae Her. and Bokuu 
(Hori and Bokura, Imp. Agr. Expt. Sta. 
Nishigahara, 38, 1911,69; Erwinia dahliae 
Magrou, in Hauduroy et ah, Diet. d. 
Bact. Path., 1937, 205.) 

Pseudomonas destrucians Potter. 
(Potter, Proc. Univ. Durham Philos. 
Soc., 1899, 165 and Proc. Roy. Soc., 67, 
1900, 449; Baclerium destrucians Nakata, 
Nakaiima and Takimoto, Tech. Kept. 


Korea Ind. Farm, 1922; Pkytomonas 
destrucians Bergey et al., Manual, 3rd 
ed., 1930 , 264.) See Paine (Ann. Apph 
Biol., 5, 1918, 64) for a discussion of this 

species. . 

Bacillus hyacinthi septicus Heinz. 

(Heinz, Cent. f. Bakt., 5, 1889 , 539; 

Bacillus hyacinthi-seplicus Lehmann and 

Neumann, Bakt. Diag., 2 Aufl., ^ » 

449; Bacterium hyacinthi septicus Ches¬ 
ter, Ann. Kept. Del. Col. Agr. ’^P; 
Sta., 9, 1897, 127; Bacillus hyacinthi 
Migula, Syst. d. Bakt., 2, 1900, 874, no 
Bacillus hyacinthi Trevisan, I generi 
Ic specie dellc Batteriacce, 1899, 
f-ywinia hyacinthi septica / 

Hauduroy et al., Diet. d. Bact. ^ 

1937, 208.) E * ^0 

Rods: Usually 0.7 to 0.8 by 1.5 to^ 

microns, occasionally in chains, 
rather slowly with aniline colors, ^ 
with Loffler’s methylene blue. 
sules observed. Actively motile 

peritrichous flagella. Cram-negative- 

Gelatin stab; Rapid surface 
tion, slower in depth (Jones), 
strains very slow liquefiers. 

Agar colonies; After 2 days, circ 

convex, smooth, grayish-white, niois » 

glistening. Margins sharp, ■ u. 

Agar slant: Growth thin, 
white, moist, glistening, butyrons. 

dium not discolored. , 

Broth; Turbid, with pellicle and 

floeculent sediment. Slow alkaline P 

duction. roagu- 

Litmus milk; After 4 days, 

lated, acid, with separation or 

Cheesy odor. Litmus reduced. B a 

peptonized. 
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Potato: Growth thick, creamy-white; 
medium softened. 

Dunham’s solution: Feeble persistent 
turbidity. 

Blood serum: Growth much as on agar. 
Not liquefied. 

Uschinsky’s solution: Strong turbidity. 

Indole production none. 

Nitrites produced from nitrates. 

Diastase negative. 

No HjS produced or only a trace. 

No ammonia produced. 

Methyl red positive, Voges-Proskauer 
negative (Dowson, Cent. f. Bakt., II 
Abt., 100, 1939, 183). 

Acid and gas from glucose, lactose, 
sucrose, fructose, raffinose, mannitol, 
arabinose, xylose, salicin and rhamnosc. 
Acid without gas from glycerol and ethyl 
alcohol. Butyl alcohol, inulin and starch 
not fermented. 

Facultative anerobe. 

Temperature relations: Optimum 25® 
to 30®C. Minimum 4®C. Maximum 38® 
to 39®C. Thermal death point 41® to 
51®C. 

Pathogenesis: Causes a rapid soft rot 
of roots, rhizomes, fruits and the fleshy 
stems of a variety of plants. 

Source: From rotted carrots. 

Habitat: Causes a soft rot in carrot, 
cabbage, celery, cucumber, egg-plant, 
iris, muskmelon, hyacinth, onion, pars¬ 
nip, pepper, potato, radish, tomato, 
turnip, and other plants. 

11. Erwlnia erlvanensis (Kalantarian) 
Bergey et al. {Bacterium erivanenee 
Kalantarian, Cent. f. Bakt., II Abt., 
65, 1925, 298; Bacillus erivanensis Stapp, 
in Sorauer, Handb. d. Pflanzenkr., 5 
Aufl., 1928, 202; Bergey et al., Manual, 
3rd ed., 1930, 239.) Derived from 
Erivan, a city in Armenia. 

Whether this organism is to be con¬ 
sidered a chromogenic strain or a distinct 
species is impossible to determine; there¬ 
fore, it occupies its present position 
tentatively. It cannot be separated 
from Erwinia carotovora on the basis of 


chromogenesis since the latter occasion¬ 
ally shows a tendency to the formation 
of a faint yellowish pigment. 

Bods: 0.5 to 0.7 by 1.25 to 2.5 microns. 
Motile with peritrichous flagella. Gram- 
negative. 

Gelatin colonies; .\fter 3 days at 20®C, 
circular, 1 to 1.5 mm in diameter, yellow¬ 
ish-white, convex, entire. Microscopi¬ 
cally gray with opaque borders and darker 
patches. 

Gelatin stab: Surface growth somewhat 
umbonatc. In 10 to 12 days a slow lique¬ 
faction. Intense yellow growth. 

Agar colonies: Grayish-white, fatty 
lustre, turning yellow after several days. 

Agar slant; Growth grayish-white, 
fatty lustre, becoming yellow. 

Broth: Strong more or less flocciilent 
turbidity. No surface growth. Little 
sediment. 

Potato: Growth somewhat raised, be¬ 
coming yellowish. 

Milk: Coagulated in 14 days, becoming 
alkaline, slowly clearing. 

Indole is formed. 

Nitrites not produced from nitrates. 

.\cid and gas from glucose, sucrose and 
mannitol. No gas from lactose and 
glycerol. 

Optimum temperature 20°C. 

Source: From cotton plants. 

Habitat: Causes a root-rot of cotton 
(Gossypium sp.). 

12. Erwinia flavida (Fawcett) Magrou. 
{Bacillus flavidus Fawcett, Rev. Indust, 
y .\grico. do Tucuman, IS, 1922, 5; Rev. 
App. Mycology, 2, 1923, 338; not Bacillus 
jlavidus Morse, Jour. Inf. Dis., 11, 1912, 
284; Magrou, in Hauduroy et al., Diet, 
d. Bact. Path., 1937, 207.) From Latin 
fiavus, yellow. 

Morphology: Motile with peritrichous 
flagella. Gram-negative. 

Gelatin: Yellow growth. Liquefac¬ 
tion. 

Milk: Coagulated. 

Potato: Yellow growth. 

Indole is formed. 
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Nitrites not produced from nitrates. 

Acid and gas from giucose, lactose and 
sucrose. 

Diastase not formed. 

Source: From sugar cane. 

Habitat: Causes a soft rot of sugar cane 
(•Sacc/mrum ojficinarum). 

Note; If this decay is due to a simple 
organism as stated above, it is probable 
that it should be considered merely a 
chromogenic strain of Erwinia carolovora. 


13. Erwinia dissolvens (Rosen) com?>. 
7 ioy. {Escudomonas dissnlveyiff Rosen, 
Phytopath., 12, 1922, 407; Phytomonas 
dissolvens Rosen, Phytopath., 16, 1926, 
2C4; Bacterium dissolvens Rosen, ibid. \ 
Aplanobactcr dissolvens Rosen, ibid.’, 
Aerobacter dissolvens Waldce, Iowa State 
Coll. Jour. Sci., 19, 1945, 473.) From 
Latin, dissolving. 

Rods: 0.5 to 0.9 by 0.7 to 1.2 microns. 
Pairs, rarely in chains. Capsules pres¬ 
ent. First described as motile with a 
single Hagcllum; later as non-motile. 
Gram-negative. 

Gelatin: Not liquefied. 

Agar colonics; Round, margins entire, 
white, opaque, glistening, butyrous, 
emitting a strong odor of decaying vege¬ 
tables. 

Broth: Turbid with heavy surface 
growth consisting of ring, and floccules 
or compact slimy masses and streamers. 

Abundant sediment. 

Uschinsky’s solution: Good growth, 

but not viscid. 

Litmus milk; Acid, coagulated. 

Indole produced. 

Nitrites produced from nitrates. 
Hydrogen sulfide not produced. 

Acid and gas from glucose, galactose, 
mannitol, sucrose, maltose, lactose and 
glycerol. 

Starch hydrolyzed. 

Optimum temperature 30®C. 

Good growth in 3 per cent salt. Re¬ 
tarded at 4 per cent. 

Source: From rotting corn stalks. 
Habitat: Pathogenic in com plants. 


14. Erwinia nimipressuralls Carter. 
(Illinois Nat. Hist. Survey Bull. 23, 
1945, 423.) From Latin nimis, too 
much and pressuralis, pertaining to 
pressure. 

Rods: Mostly 0.34 to 0.68 by 0.68 to 
1.35 microns. Motile with as many as 
6 pcritrichous flagella. Capsules not 
obse rvc d. G ram -nega t i ve. 

Gelatin: Not liquefied. 

Potato glucose agar; Colonies circular, 
smooth, whitish-cream, entire, flat to 
slightly raised and usually opaque. Gas 
produced when medium is stabbed. 

Broth: Abundant with thin pclhcle 
or flocculent surface growth. Sedimen 
scant and viscid. Gas produced m 
nutrient broth plus glucose was 47 per 
cent COj and 2.4 per cent hydrogen. 
COj varied with age of culture, more 
being produced in young cultures. 

Milk: Acid, coagulated. Litmus an 
bromocresol purple arc reduced. ^ 
peptonized. 

Nitrites produced from nitrates. 
Hydrogen sulfide produced. 

Indole not produced. . 

Acid and gas produced from ara ' 
rhamnose, xylose, glucose, L* 

galactose, mannose, lactose, nia 

trehalose, melibiose. 
tol, sorbitol and salicin; no acid or ga 
from inulin. dextrin or filter^^^' 
variable results from sucrose, m 
melezitose, dulcitol, glycerol an 
sawdust. Pectin is not fermenteU. 

Starch not hydrolyzed. 

Mcthyl red test positive. AC 

methylcarbinol produced. 

Facultative anaerobe. ^ 
Optimum temperature 24 
Maximum37”C. Minimum5 Co 

Thermal death point 45° to 55 ■ ^ ^ 

Optimum pH for growth 
Maximum 10.0-f-. Minimum ' « 
Source: Five cultures from 5 di 
trees affected with wet wood. 

Habitat: Pathogenic ^run ^ ^ 
elms, Ulmxis amencana, U- V 
fulva and U. procera* 
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15. Erwinia ananas Serrano. (Philip- 
pine Jour. Sci., 36, 1928, 271; Bacillus 
ananas Serrano, ibid.\ Bacterium ananas 
Burgwitz, Phytopatliogcnic Bacteria, 
Leningrad, 1935, 44.) Named for the 
genus. Ananas. 

Note: Not to be confused with Pseudo¬ 
monas iPhytomonas) ananas Serrano, 
Philippine Jour. Sci., 36, 1928, 271. 

Short rods: 0.6 by 0.9 micron, with 
rounded ends, occurring singly, in pairs 
and in short chains. Encapsulated. 
Motile with peritrichous flagella. Gram-, 
negative. 

Gelatin stab: Stratiform liquefaction, 
with a deep chrome-yellow sediment. 

Potato glucose agar: After 24 hours, 
circular, 3 mm in diameter, convex, 
dense, homogeneous, entire, moist, straw- 
yellow, mottled, becoming primuline 
yellow. Plates have a molasses odor. 
Show two types of colonies, rough and 
smooth. Rough colonies have crenate 
margins. 

Potato glucose agar slant: Growth 
straw-yellow, raised, becoming primu¬ 
line yellow, moist, glistening. 

Broth: Turbid, with a straw-colored 
pellicle and ring. 

Glucose broth: Growth sulfur yellow. 

Litmus milk: Coagulated, faintly 
acid, becoming alkaline. 

Potato: Copious growth, moist, glisten- 

Jng, spreading, becoming primuline yel¬ 
low. 

Indole not formed. 

Blood serum: Moderate growth, 
slightly raised, mustard yellow to primu¬ 
line yellow. No liquefaction after 3 
months. 

Cohn’s solution: No growth. 

Phenol negative. 

Diastase produced. 

Nitrites produced from nitrates. 

Slight amount of ammonia produced. 

Slight amount of HjS produced. 

Small amount of alcohol and aldehyde 
produced. 

No gas from carbohydrates. Acid 
from glucose, lactose, sucrose, mannitol, 


raffinose, glycerol, salicin, dextrin, mal¬ 
tose, fructose and mannose. No acid 
from arabinose, xylose, amygdalin, rham- 
nose, inositol, inulin, dulcitol, adonitol, 
asparagine or starch. 

Source; From the pineapple (Ananas 
salivus) and sugar-cane {Saccharum ojji- 
cinarum). 

Habitat: Causes a brown rot of the 
fruitlets of pineapple. 

16. Erwinia cytolytica Chester. (Phy- 
topath., ^8,1938, 431.) From Latin, cell 
dissolving. 

Rods: 0.6 to 0.7 by 2.5 to 3.5 microns. 
Singly or in pairs. Gram-negative. Mo¬ 
tile with peritrichous flagella. 

Gelatin: Slow liquefaction. 

Agar colonies: 2 to 3 mm in diameter, 
round, convex, moist, glistening, grayish- 
white, watery, translucent. Light 
brownish-yellow by transmitted light. 
Broth: Turbid. 

Milk: Coagulated in 5 to 7 days. 
Slightly acid. Not digested. 

Nitrites produced from nitrates. 
Indole not formed. 

Hydrogen sulfide not formed. 
Acetylmethylcarbinol: A slight reac¬ 
tion. 

Acid without gas from glucose, lactose, 
sucrose, raffinose, mannitol, salicin and 
isodulcitol. No acid from fructose, arab¬ 
inose, xylose, glycerol and inulin. 

Starch hydrolyzed. 

Pectin dissolved. 

Asparagine, peptone, and ammonia 
used as nitrogen sources in synthetic 
medium plus glucose- Potassium nitrate 
not used. 

Optimum temperature 28® to 30®C. 
Growth at 37®C. Slow growth at 20®C 
and no growth at 8® to 10®C. 

Good growth at pH 6.8 to 7.3. Feeble 
growth at 5.0. No growth at 4.4. 

Aerobic and facultative anaerobic. 
Source: Several isolates from diseased 
dahlias in New York BoUnical Garden. 

Habitat: Causes a rot of the tuber and 
stems of dahlias. 
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17. Erwinia aroideae (Townsend) Hol¬ 
land. {Bacillus aroideae Townsend, U. 
S. Dept. Agr., Bur. Plant Ind. Bull. 60, 
1904, 40; Holland, Jour. Bact., 5, 1920, 
*222; Baeicritun aroideae Stapp, in Sor- 
auer, Handl). d. Pflanzenkr., 5 Anil., 
2, 1928, 41; ]\ctobavtcriiiiii aroideae 
\Valdec, Iowa State Coll. Jour. Sci., 19, 
1945, 472.) From Greek, pertaining to 
the familv .Imccae. 

Probable svnonvEus: Eruinia croci 
(Mizusjiwa) Magrou. {Bacillus croci 
Mizu-sawa, Kanag. Agr. Kxp. Sta. Bull. 
51, 1921, 1; Ann. Phytopath. Soc. Japan, 
/, 1923, 1; Magrou, in Hauduroy et al., 
Diet. d. Bact. Path., 1937,204.) Attacks 
Crocus salivus, also onion. 

Erieinia mclonis (Giddings) Holland. 
{Bacillus mclonis Giddings, Vermont 
Agr. Kxi). Sta. Bull. 14S, 1910, 413; Hol¬ 
land, Jour. Bact., 5, 1920, 222; Bcctobac- 
terium 7uclonis Waldee. Iowa State Coll. 
•Jour. Set., 19, 1945, 473.) E. F. Smith 
(An Introduction to Bact. Dis. of Plants, 
1920, 240) considered Erwinia melonis 
and Erivitiia aroideae identical. Causes 
a soft rot of muskmelon. 

Erwinia -papaveris (Ayyar) Magrou. 
{Bacillus papaveris Ayyar, Mem. Dept. 
Agr. India, Bact. Scr. 2,1927, 29; Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
1937, 214.) The cause of a soft rot of the 
garden poppy. 

Rods: 0.5 by 2 to 3 microns, with 
rounded ends, occurring singly, in pairs 
and in fours, also in chains under certain 
conditions. Motile with peritrichous 
flagella. No capsules. Gram-negative. 

Gelatin stab; Narrow infundibuliform 
liquefaction. 

Agar colonies: Circular to amoeboid, 
white, glistening. Borders sharp. Gran¬ 
ular structure. 

Agar slant: Growth white to grayish- 
white, moist, glistening. Medium not 

discolored. 

Broth; Turbid. 

Potato : Growth whitish, with tinge of 
yellow. Medium grayed. 

Litmus milk: Coagulated, acid, with 


separation of whey, not peptonized. 
Litmus reduced. 

Indole not formed. 

Nitrites produced from nitrates. 
Acetylmethylcarbinol produced. 

Methyl red negative (Dowson, Cent. f. 
Bakt., II Abt.,100.1939, 183). 

Acid without gas from glucose, lactose, 
sucrose, maltose, nfannitol, glycerol, 
fructose, raffinose, arabinose and xylose. 


?»rowth in closed arm. 

Diastase slight. 

Hydrogen sulfide produced. 
Uschinsky’s solution: Good growth. 
No growth in nitrogen. Growth feeble 
n Ho and CO 2 . 

Temperature relations: Optimum 35 
Minimum 6°C. Maximum 41°C. Ther¬ 
mal death point 50®C for 10 minutes. 

Facultative anaerobe. 

Differential characters: See Erwinia 
carotovora. Massey (Phytopath., 
1924, 4C0) considered Erwinia aroideae 
and Erwinia carotovora distinct species, 
though closely related. Link and Ta la 
ferro (Bot. Gazette, 85, 1928, 198) o^n 
them distinct serologically. 

(Ann. Appl. Biol., 28, 1941, 102 ) differen¬ 
tiated them on their action on maltose 
and xylose. 

Source: From rotted calla lily- 
Habitat: Causes a soft rot of ca 
Affects raw potato, egg-plant, caul 
flower, radish, cucumber, cabbage, pa 
nip, turnip, salsify, tomato (npe a 

green). 

IS. Erwinia mangiferae poidge) 

gey et al. {Bacillus mangiferae 0 

Ann. Appl. Biol., 2, 1915,1; Bergey e ' 
Manual, 1st ed., 1923, 173.) Named for 

the genus, Mangifera. . 

Rods: 0.6 by 1.5 microns, occ^J 
singly and in chains, with "ounde^ ^ 
Encapsulated. Motile with pe 

flagella. Gram-negative. c j in 10 
Gelatin stab: Medium liquefied 
to 17 days. Growth yellow. 

Agar colonies; Glistening, 
undulate borders. 
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Agar slant: Growth yellow, glistening. 

Broth: Turbid, with yellow ring. 

Litmus milk: Slow coagulation at 
37®C. Slight acidity. Casein slowly 
dissolved. Litmus reduced. 

Potato: Growth spreading, glistening, 
yellowish. Medium not discolored. 

Indole formed in peptone solution. 
Phenol negative. 

Nitrites produced from nitrates. 

No HaS produced. 

No ammonia in broth. 

Feeble acid production without gas 
from glucose, lactose, sucrose, fructose 
and glycerol. No growth in closed arm 
with lactose and glycerol; more or less 
growth in closed arm with glucose, su¬ 
crose, fructose, maltose, raffinose and 
mannitol. 

Diastase not formed. 

Produces an enzyme capable of dis¬ 
solving the middle lamella but without 
action on cellulose. 

Cohn’s solution: Slight turbidity. 

Uschinsky’s solution: No growth. 

Fermis’ solution with starch jelly: 
No growth. 

Pigment insoluble in water, alcohol, 
ether, chloroform or dilute acids. 

Temperature relations: Optimum 30®C. 
Minimum 5“ to Maximum -IS^C. 
Thermal death point 60“C. 

Source: From the mango in Africa. 

Habitat: Causes a disease of the mango 
{Mangifera indica). 

19. Erwinla cltrimaculans (Doidge) 
Magrou. {Bacillus cilrimaculans Doidge, 
Ann. Appl. Biol., 5, 1917, 53; Bacterium 
cilrimaculans Burgwitz, Phytopath. Bac¬ 
teria, Leningrad, 1935, 154; Magrou, in 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 203.) From the genus Citrus and 
Latin maculans, spotting. 

Rods; 0.45 to 0.7 by 0.8 to 3.2 microns. 
Motile with peritrichous flagella. Con¬ 
spicuous capsule present. Gram-posi¬ 
tive. Dowson thinks this species Gram- 
negative (Cent. f. Bakt., II Abt., 100, 
1939, 184). 


Gelatin: Liquefied. 

Agar colonies: Subcircular, yellow, 
with dense grumose centers. 

Broth: Turbid, with pellicle and sedi¬ 
ment. 

Milk: Coagulated, with precipitation 
of casein and extrusion of whey. Not 
peptonized. Litmus gradually reduced. 

Blood serum: Not liquefied. 

Indole is formed. 

Nitrites produced from nitrates with 
evolution of gas. 

Ammonia produced in broth. 

Acid without visible gas from glucose, 
sucrose, fructose, galactose, maltose and 
mannitol. No acid from lactose, glyc¬ 
erol, dextrin or starch. 

Diastase not produced. 

Cohn’s solution: No growth. 

Uschinsky’s solution: Growth present. 

No growth in broth over chloroform. 

Methylene blue and neutral red re¬ 
duced. 

Pigment insoluble in water, alcohol, 
ether, chloroform, carbon bisulfide, dilute 
acid or alkalis. 

A turbid growth is produced in 10 per 
cent salt. 

Temperature relations: Optimum 35®C. 
Maximum 43‘’C. Thermal death point 
62®C for 10 minutes. 

Facultative anaerobe. 

Source: From diseased lemons and 
oranges. 

Habitat: Causes a spot disease of 
citrus. In nature attacks lemons, or¬ 
anges, naartjes and has also been success¬ 
fully inoculated into limes, shaddock, 
grapefruit and citron. Seville oranges 
are resistant. 

20. Erwinla rhapontlcl (Millard) comb, 
nov. {Phytomonas rhapontica Millard, 
Univ. Leeds and Yorkshire Council for 
Agr. Ed. Bui. 134, 1924, 111; Bacterium 
rhaponticum Millard, ibid.; Aplanobacler 
rhaponticum Elliott, Man. Bact. Plant 
Path., 1930, 12.) From Greek Rka 
pontic, rhubarb of Pontus, a province 
of Asia Minor; M. L. Rheum rhaponticurn. 
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Description from Metcalfe, Ann. of 
Appl. Biol., 27, 1940, 502, where he sug¬ 
gests it belongs in Erwinia. 

Bods: 0.5 to 0.8 bv 1.2 to 1.5 microns. 
Motile with 3 to 7 peritrichous flagella. 
Gram-negative. 

Gelatin stab: Beaded growth. No 
liquefaction. 

Infusion agar: Colonies circular, con¬ 
vex, smooth, glistening, translucent, 
with margins entire, 2 to 3 mm in diam¬ 
eter in 48 hours at 25^C. 

Ilhubarb agar: Colonies slightly larger, 
often with a yellowish tinge. 

Tryptophane broth: Turbid with fnig- 
ile pellicle, a slight rim and slight floccu- 
Icnt deposit. 

Milk: Acid in 3 to 4 days with or with¬ 
out slight curd separation. No clotting. 

Indole not produced. 

Nitrites formed from nitrates. 

Acetylmethylcarbinol produced. 

No hydrogen sulfide produced. 

Cohn’s solution: Moderate growth. 

Acid but no gas from arabinose, xylose, 
glucose, galactose, fructose, mannose, 
lactose, maltose, sucrose, mannitol, glyc¬ 
erol and salicin. 

Growth in citrate solution. 

Starch not hydrolyzed. 

Chromogenesis: Water-soluble pinkish 
pigment in various media. 

Growth from 0°C to 37“C and possibly 
higher. 

Distinctive characters: Differs from 
Ermnia aroideae in that it does not 
liquify gelatin nor clot milk and is chro- 
mogenic. It also has a limited host range. 

Source: From rotting rhubarb crowns. 
Metcalfe used 6 isolates from various 
sources in describing the pathogen. 

Habitat: Causes a crown-rot of rhu¬ 
barb. 

21. Erwinia lathyri (Manns and Tau- 
benhaus) Holland. {Bacillus lathyri 
Manns and Taubenhaus, Gardener's 
Chronicle, 6S, 1913, 215; Manns, Dela¬ 
ware Agr. Exp. Sta., Bui. 108, 1915, 23; 
Holland, Jour. Bact., 5, 1920 218; Bac¬ 


terium lathyri Burgwitz, Phytopath. 
Bacteria, Leningrad, 1935, 7G.) From 
the genus Lalhyrus. 

Rods: After 24 hours at 25“ to 28“C, 
O.C to O.So by 0.75 to 1.5 microns, with 
rounded ends. No capsules. Motile 
with peritrichous flagella. Gram-nega¬ 
tive. 

Gelatin colonies: After 8 days, cir¬ 
cular, slightly convex, edges smooth. 
Liquefaction too slow to show on plate. 

Gelatin stab: Growth best at surface. 
Lino of stab filiform. Liquefaction slow, 
fairly well begun in four weeks, complete 
in three months. 

Agar colonies: After 24 hours, yellow, 
stellate to amoeboid, smooth, glistening, 
slightly raised, entire. Centers gran¬ 
ular, yellow. 

Agar slant: Growth filiform, slightly 
convex, smooth, glistening,opaque, buty- 
rous, light to deep yellow. Odor absent. 

Broth: Strong turbidity in 24 hours, 
little or no pellicle. Sediment scant. 

Litmus milk: Slow increase of acidity, 
not always sufficient to cause coagulation. 
Digestion of casein slow and variable. 

Potato: Growth rapid, filiform, slightly 
convex, smooth, glistening, butyrous to 
slightly viscid. Light to deep yellow. 
Medium not discolored. 

Indole is formed. 

Cohn’s solution: No growth. 

Uschinsky’s solution: Rapid growth, 
sometimes a pellicle. Fluid viscid. 

Asparagine solution: Good growth. ^ 

Nitrites are not produced from ni¬ 
trates. 

Ammonia produced in broth and as 
paragine solution. 

No gas from carbohydrates. Aci 
from glucose, lactose, sucrose, mannito 
and glycerol. No growth in closed arm- 

Diastase not formed or extreme y 

Growth in broth over chloroform 

&bsont« ^ 

Growth inhibited by 4 per cent 

Temperature relations: Optimum 
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to 30®C. Thermal death point 46* to 
48®C for 10 minutes. 

Aerobic. 

Source: From sweet peas. 

Habitat: Stated to be pathogenic for 
sweet pea (Lathjrus odoralus) and other 
legumes. Considered by many to be a 
saprophyte. 

22. Erwinia lilli (Uyeda) Rlagrou. 
{Bacillus lilii Uyeda, by Bokura, Ann. 
Phytopath. Soc. Japan, 1(2), 1919, 36; 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., 1937, 210.) From Latin 
lilium, a name taken from the Greek but 
derived from the Celtic word li meaning 
w’hite; M. L., generic name, Lilium. 

Translated by Marion Okimoto. 

Rods: 0.6 to 0.7 by 0.8 to 1.0 micron. 
No capsules. Motile with 6 to 8 peri- 
trichous flagella. Gram-positiveC?). 

Gelatin: Liquefaction. 

Gelatin plate: Colonics after 2 days, 
round and smooth with grayish surface. 

Broth: Alkaline, ammonia produced. 

Milk: Curd formation. 

Indole produced. 

Nitrites produced from nitrates. 

Hydrogen sulfide produced. 

Sugar medium changes to a brown color. 

Conjac not utilized. 

Aerobic, facultative. 

Optimum temperature 32* to 34®C. 
Killed in 3 min. at 50®C. Resists—20®C 
for 30 min. 

Source: From brown spots on lily bulbs 
in Japan. 

Habitat: Causes a disease of lily bulbs 
and leaves. 

Appendix: The following additional 
species are found in the literature. 
Many are incompletely described. 

Bacillus brassicaevorus Delacroix. 
(Compt. rend. Acad. Sci., Paris, 140, 
1905, 1356.) Presumably causes a rot 
of cabbage. 

Bacillus Jarnetianus Pavarino. (Atti 
R. Accad. Naz. Lincei Rend. Cl. Sci. 
Fis., Mat. 6 Nat., £0, 1911, 233.) 

Bacillus 'putrejaciens pulHdus Dela¬ 


croix. (Ann. Inst. Nat. Agron., 5,1906, 
154.) Pathogenic for tobacco. 

Bacillus solaniperda Migula. (Syst. 
d. Bakt., 2, 1900, 573; Bacillus krameri 
Chester, Man. Detenn. Bact., 1901, 
282.) Causes a soft rot of potato. 

Bacillus spieckermanni Jaezewski. 
(Elliott, Bacterial Plant Diseases, 1935, 
67.) Name applied to a species de¬ 
scribed by Spieckermann (Landw. Jahrb., 
31, 1902, 155) but left unnamed. 

Bacillus tabacivorus Delacroix. (Ann. 
Inst. Nat. Agron., 6, 1906, 266.) Said 
to cause collar rot of tobacco. 

Bacillus tabificans Delacroix. (Compt. 
rend. Acad. Sci., Paris, 137, 1903, 871.) 
Said to cause spotting of tobacco leaves. 

Bacterium lochnisi Kalantarian. 
(Kalantarian, Cent. f. Bakt., II Abt., 65, 
1925, 301; Phylomonas loehnisii Bergey 
et al.. Manual, 3rd ed., 1030, 270.) From 
diseased cotton plants. Peritrichous. 

Bacterium lycopcrsici Burgwitz. 
(Ztschr. f. Pflanzenkr., 34, 1924, 304.) 
From a blossom end rot of tomato. 

Erwinia alliariae (Oinori) Magrou. 
{Bacillus alliariae Omori, Official Gaz. 
of Japan, II, 1896, No. 3758; Magrou, in 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 195.) Causes a root rot of horse¬ 
radish. 

Erwinia araliavora (Uyeda) Magrou. 
{Bacillus araliavorus Uyeda, Bull. Imp. 
Agr. Exp. Sta. Tokyo, 36, 1909, 61; 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., 1937, 197.) Causes a root 
rot of ginseng. 

Erwinia asteracearum (Pavarino) Ma¬ 
grou. {Bacillus asteracearum Paravino, 
Atti R. Accad. Naz. Lincei Rend. Cl. 
Sci. Fis., Mat. e Nat., Ser. 5, 21, 1912, 
544; Magrou, in Hauduroy et al., Diet, 
d. Bact. Path., 1937, 199.) Pathogenic 
for the aster {Aster chinensis). 

Erwinia bussei (Migula) Magrou. (Ba¬ 
cillus B, Bussc, Ztschr. f. Pflanzenkr., 7, 
1897, 74; Bacillus bussei Migula, Syst. d. 
Bakt., 2, 1900, 779; Bacillus betae Leh¬ 
mann and Neumann, Bakt. Diag., 4 Aufl., 
2, 1907, 599; not Bacillus betas Migula, 
Syst. d. Bakt., 2, 1900, 779; Magrou, in 
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Hauduroy et al., Diet. d. Bact. Path., 
1937, 200.) Pathogonio for the sugar 
beet. 

Erwinia caclicida (Johnston and Hitch¬ 
cock) Magrou. {B. cacticidus Johnston 
and Hitchcock, Trans, and Proc. Roy. 
Soc. South Australia, 47”, 1923, 162; 
Magrou, in Hauduroy et al., Diet. d. 
Bact. Path., 1937, 201.) Causes a rot of 
cactus. 

Erwinia cdgeworlliiae (Hori and 
Bokura) Magrou. {Bacillus edge- 
worthiae Plori and Bokura, Ideta .\rata. 
Supplement to Handbook of the Plant 
Diseases of Japan, 1, 1925, 32; Magrou, 
in Hauduroy et al., Diet. d. Bact. Path., 
1937, 206.) Pathogenic on Edgeworthia 
chrysantha, an oriental shrub. 

Erwinia ixiae (Severini) Magrou. 
{Bacillus ixiae Severini, .-Vnnali di 
Botanica, Rome, II, 1913, 413; Magrou, 
in Hauduroy et al.. Diet. d. Bact. Path., 
1937, 208.) Pathogenic on gladiolus and 
other bulbs. 

Erwinia nelliae (Welles) Magrou. {Ba¬ 
cillus nelliae Welles, Philippine Jour. 
Sci., 20, 1922, 279; Magrou, in Hauduroy 
et al., Diet. d. Bact. Path., 1937, 213.) 

Erwinia papayae (Rant) Magrou. 
{Bacillus papayae Rant, Cent. f. Bakt., 
II Abt., 84, 1931, 483; Magrou, in Haudu¬ 
roy et al., Diet. d. Bact. Path., 1937,214.) 
Pathogenic on papa 5 'a. 

Erwinia sacchari Roldan. (Philippine 
Agric., 20, 1931, 256; Bacillus saccharum 
Roldan, idem; not Bacillus sacchari 


Jaiise, Mededeel. uit's Lands. Planten- 
tuin, 0, 1S91, 1.) 

Erwinia scabiegena (von Faber) Ma¬ 
grou. {Bacterium scabiegenum von Fa¬ 
ber, Arb. Kais. Biol. Anst. f. Land. u. 
Forstw.,5,1907,347; Bacillusscahiegenus 
Stapp, in Sorauer, llandb. d. Pflanzenkr., 
5 Aufl., 2, 1928,103; Magrou, in Hauduroy 
et al.. Diet. d. Bact. Path., 1937, 217.) 
Pathogenic for the beet {Beta vulgaris). 

Erwinia serbinowi (Potebnia) Magrou. 
(Bacterium beticola Serbinow, Zhurnal 
Bolczni Rastenii, 7, 1913, 237; not Bac- 
icriurn beticola Smith, Brown and Town¬ 
send, Bur. Plant Ind., U. S. Dept. Agr., 
Bui. 213, 1911, 194; Bacterium serbinowi 
Potebnia, Kharkov Prov. Agr. Exp. Sta., 

1, 1915, 1; Bacillus beticola Stapp, in 
Sorauer, Handb. d. Pflanzenkr., 5 Aufh, 

2, 1928, 93; Bacillus serbinowi Elliott, 
Man. of Bact. Plant Pathogens, 1930, 75, 
Magrou, in Hauduroy et al., Diet- d. 
Bact. Path., 1937, 217.) Pathogenic for 
the sugar beet. 

Erwinia uvae (Kruse) Magrou. (B^^' 
cillo della bacterosidei grappoli della 
vite, Cugini and Macchiati, Le Stazione 
sperimentali ital., 20, 1891, 579; Bacillus 
uvae Kruse, in Fliigge, Die Mikroorganis- 
men, 3 Aufl., 2, 1896, 329; Bacterium 
uvae Chester, Ann. Rept. Del. Agr. Exp- 
Sta., 9, 1897, 53 and 127; Magrou, in 
Hauduroy et al.. Diet. d. Bact. Path., 
1937, 220.) Pathogenic for the grape. 

Erwinia vitavora du Plessis syn. Clos 
tridium baccarinii Bergey et al., Manual, 
1st ed.. 1923. 32.S. 
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TRIBE III. SERRATEAE BERGEY, BREED AND MURRAl. 

(Preprint, Manual, 5th ed., October, 1938, vi.) 

Small, aerobic rods, usually producing a bright rod or pink pigment on agar and 
gelatin. There is a single genus. 

Genxis I. Serratia Bizio emend. Breed atid Breed.* 

(Bizio, Biblioteca italiana o sia Giornale de lettera, scienze e arti, 30, 1823, 288; 
Zaogalactina Sette, Sull’arrossimcnto straordinario di alcune sostanze alimentose 
osservato nella provincia di Padova I’anno 1819. Venezia, 1824, 51; Coccobacterium 
Schmidt and Weis, Die Bakterien, 1902, 10; Erylhrobacillus Fortineau, Compt. rend. 
Soc. Biol., Paris, 68, 1005, 104; Dicrobaclrum Enderlcin, Sitzber. Gesell. Naturf. 
Freundc, Berlin, 1917, 309; Breed and Breed, Cent. f. Bakt., II Abt., 7t, 1927, 435.) 
Named forScrafino Scrrati, the Italian physicist who invented a steam boat at Florence 
before 1787. 

Small, aerobic, rapidly liquefying, nitrate reducing, Gram-negative, peritrichous 
rods which produce cliaracteristic red pigments. White to rose-red strains that lack 
brilliant colors are common. Coagulate and digest milk. Liquefy blood serum. 
Typical species produce CO 2 and frequently IIj from glucose and other sugars; also 
acetic, formic, succinic and lactic acids, acetylmethylcarbinol and 2,3 butylene glycol. 
Saprophytic on decaying plant or even animal materials. 

The type species is Serratia marcescens Bizio. 


Key to the species of genus Serratia. 

I. Pigment not especially water-soluble, readily soluble in alcohol. 

A. No visible gas from glucose. 

1. Inconspicuous pellicle, if any, on plain gelatin. 

1. Serratia marcescens. 

2. Brilliant orange-red pellicle on plain gelatin. 

2. Serratia indica. 

B. Produce enough Ha with the CO 2 from gluco.se to show gas in fermentation 

tubes. 

1. Acetylmethylcarbinol produced. 

3. Serratia plijmuthicum. 

2. Acetylmethylcarbinol not produced. 

4. Serratia kUensis. 

II. Pigment soluble in water and alcohol. 

5. Serratia piscatorum. 


1. Serratia marcescens Bizio. (Po¬ 
lenta porporina, Biblioteca italiana, SO, 
1823,288.) From Latin, dissolving into a 
fluid or viscous matter. 

Synonyms: Zoagalaclina imetrofa 


Sette, Memoria storico-naiurale sulT 
arrossimento straordinario di alcune 
sostanze alimentose. Venezia, 8®, 1824, 
51; Protococcus imetrophus Meneghini, 
1838, see Trevisan, Rend. R. Inst. Lomb. 


* Revised by Prof. Robert S. Breed, New York State Experiment Station, Geneva, 
New York, Nov., 1937; further revision by Prof. Robert S. Breed, Nov., 1945. 
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di Sci. e Let., Ser. 2, 80, 1S87, 7^7; Monas 
prodigiosa Elirenborg, Bericht u. d. z. 
Bekanntmacliung geeigneten Verhand- 
lungen d. Kgl. preuss. Acad. d. Wisscn- 
schaften, 18-19 , 354; Palmella prodigiosa 
Montague, Bui. Soc. nat. et cent. d. 
agric. Paris, S^r. 2, 7,1853, 527; Micraloa 
prodigiosa Zanardini, 1S63, sec Trevisan, 
loc. cit., 1887, 799; Bacleridium prodi- 
giosum Schroeter, in Cohn, Beitrage z. 
Biol. d. Pflanzen, 1, Heft 2, 1872, 109; 
Micrococcus prodigiosus Cohn, ibid., 127; 
Bacillus prodigiosus Fliigge. Die Mikro- 
organismen, 1880 , 284; Bacillus imclro- 
phus Trevisan, loc. cil., 797; Bacillus 
marcescens De Toni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8,1889,976; 
Bacterium prodigiosum Lehmann and 
Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 
259; Liquidobaclerium prodigiosum Or!a- 
Jensen, Cent. f. Bakt., II Abt., 22, 1909, 
339; Erythrobacillus prodigiosus Winslow 
et al.. Jour. Bact., 6, 1920, 209; Dicro- 
bactrum prodigiosum Enderlein, Bak- 
terien Cyclogenic, 1925, 279; Salmonella 
marcescens and Salmonella prodigiosa 
Pribram, Jour. Bact., 18, 1929, 384; 
C/iromo6acierium prodigiosum Topley and 
Wilson, Principles of Bacteriology, 1, 
1931, 402. 

Description largely taken from Breed 
and Breed, Jour. Bact., 9, 1924 , 545. 

Short rods, sometimes almost spherical: 
0.5 by 0.5 to I.O micron, occurring 
singly and occasionally in chains of 5 or 
6 elements. Motile, with four peri- 
trichous flagella. Eight to ten flagella 
on cells grown at 20® to 25®C {De Rossi, 
Rivista d’lgiene, 14, 1903, 000). Gram¬ 
negative. 

Gelatin colonies: Thin, slightly granu¬ 
lar, gray becoming red, circular, with 
slightly undulate margin. Liquefy the 
medium rather quickly. 

Gelatin stab: Infundibuliform lique¬ 
faction. Sediment in liquefied medium 
usually red on top, w’hite in the depth. 

Agar colonies: Circular, thin, granular, 
white becoming red. R and S colonies 


with mucoid variants (Reed, Jour. Bact., 
34, 1937, 255). 

Agar slant: White, smooth, moist layer, 
taking on an orange-red to fuchsin color 
in three or four days, sometimes with 
metallic luster. 

Broth: Turbid, may form a red ring at 
surface or slight pellicle, and gray sedi¬ 
ment. 

Litmus milk: Acid reaction with soft 
coagulum. A red surface growth de¬ 
velops. Little or no digestion takes 
place. 

Potato: At first a white line appears, 
which rapidly turns red. The growth is 
lu.xuriant and frequently shows a metallic 
luster. 

Produces acetic, formic, succinic and 
levolactic acid, ethyl alcohol, ncctyl- 
methylcarbinol, 2,3 butylene glycol, CO: 
and a trace of H: from glucose (Pederson 
and Breed, Jour. Bact., 16, 1928, 183). 

Grows poorly or not at all in distilled 
water containing urea, potassium chloride 
and glucose. 

Indole not produced. 

Nitrites produced from nitrates. 

Formation of H 2 S: Produced from cys¬ 
teine, cystine or organic sulfur com¬ 
pounds containing either of these mole¬ 
cules. Produced from sulfur but not 
from sulfites, sulfates or thiosulfates 
(Tarr, Biochem. Jour., 27, 1933, 

28, 1934, 192). 

Acetylmethylcarbinol is produce 
(Breed). 

Pigment soluble in alcohol, 
chlorofonn, benzol and carbon bisul 0 
(Schneider, Arb. Bakt. Hochsch. Karls¬ 
ruhe, 1, 1894, 210). Pigment may diffu^ 
through the agar, i.e., shows solubility m 
water where strains are very deep 
pigmented (Breed). Pigment no 

formed at 35®C. , 

Sodium formate broth (Stark an 

England, Jour. Bact., 89, 1935, 26). n 
turcs do not produce visible gas ( rce 

Odor of trimethylamine is produce 

Aerobic, facultative. 
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Optimum temperature 25® to 30®C. 
No growth at 37®C. 

Source: Described by Bizio {loc. cit.) 
and Sette (loc. cit.) from growth on corn 
meal mush (polenta). 

Habitat: Water, soil, milk, foods, silk 
worms and other insects. 

2. Serratia indica (Eiscnberg) Bergcy 
et al. {Bacillus indicus Eisenberg, 
Bakt. Diag., 1 Aufi., 1886, 1; Bacillus 
indicus ruber Fliigge, Die Mikroorganis- 
men, 2 Aufl., 3886, 285; il/fcrococcws 
indicus Koch, Berichte ueber die Reise 
zur Erforschung der Cholera, 1887 
Bacillus ruber indicus Kruse, in Fliigge 
Die Mikroorganismen, 3 Aufl., 2, 1896 
302; Bacterium ruber indicus Chester 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9 
1897, 112; Erythrobacillus indicus Hoi 
land, Jour. Bact., 5, 1920, 218; Bcrgey 
et al.. Manual, 1st cd., 1923, 88; Breed 
and Breed, Jour, of Bact., 11, 1926, 76; 
Chromobacteriurn indicum Topley and 
Wilson, Princ. Bact. and Immun., /, 
1931, ,402.) From Latin indicus, of 
India. 

Small rods: 0.5 by 1.0 to 1.5 microns. 
Motile with four peritrichous flagella. 
Gram-negative. 

Gelatin colonies; Resemble those of 
Serratia marcescens. 

Gelatin stab: Liquefied rather quickly. 
Brilliant orange-red pellicle on plain 
gelatin. 

Agar colonies: Pink, with slightly 
serrate margin, spreading, with green 
irridescence. 

Agar slant: Luxuriant, dirty-white 
layer. Pigment produced best in alka¬ 
line media. 

Broth: Turbid, with white sediment. 

Litmus milk: Acid and coagulated. 
Digestion complete in 10 days. 

Potato: Luxuriant growth with or with¬ 
out pigment formation. 

Produces same products (except Hi) 
from glucose as does Serratia marcescens 


(Pederson and Breed, Jour. Bact., 16, 
1928, 183). 

Indole not produced. 

Nitrites produced from nitrates. 

Growth with pigment production in 
distilled water containing urea, potassium 
chloride and glucose. 

Blood scrum liquefied. 

Odor of trimcthylamine. 

Sodium formate broth: Cultures do not 
produce visible gas (Breed). 

Pathogenic for laboratory animals. 

Acetylmethylcarbinol is produced 
(Breed). 

Aerobic, facultative. 

Optimum temperature 25® to 35®C. 
No growth at 37®C. 

Cultures of this organism lose their 
ability to produce the orange-red pellicle 
on gelatin and then become practically 
indistinguishable from cultures of Ser- 
ralia marcescens. This would indicate 
that this so-called species is a rough 
strain of the former species (Breed). 
See Reed (Jour. Bact., 54,1937, 255) for a 
discussion of dissociation phenomena in 
this genus. 

Source: Isolated from alimentary tract 
of a Java ape in India; also from milk 
can from Ithaca, N. Y. 

Habitat: Presumably widely dis¬ 
tributed. 

Apparently the following non-gelatin 
liquefying strain belongs with this spe¬ 
cies. Subcultures that are claimed to be 
derived from the original now liquefy 
gelatin. 

2a. Serratia miquelii Bergey et al. 
(Named Bacillus ruber by Miquel and 
described in a letter to Hefferan, Cent. f. 
Bakt., II Abt., 11, 1903, 402; Erylhro- 
bacillus ruber Holland, Jour. Bact., 6, 
1920, 223; Bergey et al., Manual, 1st ed., 
1923, 95.) 

Isolated from water by Miquel. 

3. Serratia plymuthlcum (Lehmann 
and Neumann) Bergey et al. (Roter 
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Bacillusaus Plymouth, Fischer, Zeitschr. 
f. Hyg., 2, 18S7, 74; Bacterium ply- 
muthicum Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 2, 1S9C, 204; Bacillus 
plymouthcnsis Migula, Syst. d. Bakt., 2, 
1900, S49; Enjthrubacillus phjmouthensis 
Holland, Jour. Bact., 5, 1920, 220; Bergey 
ct al., Manual, 1st ed., 1923, 88.) I^atin- 
ized from Plymouth, England. 

Distinct rods: 0.6 by 1.5 to 2.0 microns 
with rounded ends, occurring singly and 
in short chains. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Like Serratia wmr- 
cescens. Original culture mucoid. 

Gelatin stab: Crateriform liquefaction. 
Liquefaction as in Serratia niarcescens. 

Agar colonics: Like mucoid varieties of 
Serratia marcescens. 

.'\gar slant: Sometimes show metallic 
luster. Pigment as in Serratia marces¬ 
cens. 

Broth: Like Serratia marcescens. 

Litmus milk: Acid and coagulated. 

Potato: Growth violet pink, with or 
without metallic luster. 

Gas from glucose, lactose and sucrose, 
70 to 80 per cent of it COj. Remainder 
is Hj. Gas is also produced in asparagine 
solutions. 

Strong fecal odor produced. 

Blood serum liquefied. 

Acetylmcthylcarbinol is produced 
(Breed). 

Sodium formate broth: Cultures pro¬ 
duce abundant gas (Breed). 

Pigment soluble in alcohol, ether and 
sometimes water. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: From water supply of Ply¬ 
mouth, England. 

Habitat: Water and various foods. 

4. Serratia kilensls (Lehmann and 
Neumann) Bergey et al. (Bacterium 
h, Breunig, Inaug. Diss., Kiel, 1888; 
Bacillus ruber ballicus Kruse, in Flugge, 
Die Mikroorganismen, 3 Aufl., £, 1896, 
303; Bacterium kiliense Lehmann and 


Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 
263; Bacterium ruber balticus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 142; Bacillus kiliensis Migula, 
Syst. d. Bakt., 2, 1900, 847; Erylhrobacil- 
lus kiliensis Holland, Jour. Bact., 5,1920, 
218; Bergey et al., Manual, 1st ed., 1923, 
90; Chromobacterium kielense Topley and 
Wilson, Princip. Bact. and Immun., 1, 
1931, 400.) From Kiel, a city on the 
Baltic Sea. 

Description taken from Kruse (loc. 
cil.) and Bergey ct al. {loc. cit.). 

Slender rods: 0.7 to 0.8 by 2.5 to 5.0 
microns, occurring singly. Motile with 
four peritrichous flagella. Gram-nega¬ 
tive. 

Deep gelatin colonies: Bright yellow. 
Gelatin liquefied slowly, usually becom¬ 
ing rose-red. 

Glucose gelatin stab; Rapid liquefac¬ 
tion. Occasional gas bubbles (Breed). 

Agar colonies: Small, red becoming 
magenta, smooth. 

Agar slant: Bright red becoming darker 
in old cultures. 

Agar stab; Turbid strongly pigmented 
water of condensation. 

Broth: Turbid. Usually reddened. 

Litmus milk: Acid; at 20"C, coagulated 
slowly and pigment produced; at 35 C, 
coagulated rapidly and no pigment 
produced. 

Potato: Slight red growth, becoming 
luxuriant and darker. 

Indole not formed. 

Nitrites and free nitrogen produced 

from nitrates. 

Blood serum liquefied. 

Acid and gas from carbohydrates (Leh¬ 
mann and Neumann, loc. cit.). 
from glucose, lactose and sucrose, 20 to 30 
per cent of it CO, (Bergey). Inactive 
lactic acid produced and not more than a 
trace of acetylmcthylcarbinol or 2, 
butylene glycol (Pederson and Bree , 

Jour. Bact., 16, 1928, 183). 

Sodium formate broth: Gas produced 

(Breed). 
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Acetylmethylcarbinol not produced 
by the Krdl culture (Breed). 

Pigment formed at 37 "C. Pigment 
especially soluble in alcohol. 

Optimum temperature 30®C. 

Aerobic. 

Distinctive characters; It is not cer¬ 
tain whether Breunig’s original culture 
was a heavily pigmented strain of Serratia 
marcescens, or whether it was of the type 
described above. Cultures of both typos 
have been widely distributed as the Kiel 
bacillus. Descriptions drawn up by 
Kruse (loc, cii.) and Lehmann and Neu¬ 
mann {loc. cii.) in 1896 state that this 
bacterium produces visible gas, while 
Migula in 1900 gives a description which 
fits Serratia marcescens. Moreover, cul¬ 
tures obtained under this name from 
various laboratories in Europe and Amer¬ 
ica are sometimes of one type and scmc- 
times of the other. As the Krdl culture 
distributed as Bacillus ruber balticus is 
widely known and has now been shown to 
differ from Serratia marcescens in that it 
is a distinct rod in ordinary media, forms 
visible gas from carbohydrates and even 
more abundant gas from sodium formate 
media, the name Serratia kilensis is used 
here for the Krdl culture. Serratia 
kilensis is a distinct rod like Serratia 
plymutkicum, but fails to produce acctyl- 
methylcarbinol. This use of the name 
Serratia kilensis given here also accords 
with the description drawn up by Bcrgey 
fo.r the first edition of the Manual based 
on the study of a culture which he ob¬ 
tained many years previously from Eu¬ 
rope (Breed). 

Spurce: From water at Kiel, Germany. 
Habitat: Presumably widely dis¬ 
tributed. 

5. Serratia piscatorum (Lehmann and 
Neumann) Breed. (Microbe rouge de la 
sardine, Du Bois Saint-Sdvrin, Ann. Inst. 
Past., 8, 1894, 156; Bacterium piscatorum 
Lehmann and Neumann, Bakt. Diag., 1 
Aufl., £, 1896, 263; Bacillus ruber sardi- 
nae Kruse, in Fltiggo, Die Mikroorganis- 


men, 3 Aufl., 1896,302; Bacterium ruber 
sardinae Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 112; Bacillus 
sardinae Migula, Syst. d. Bakt., 2, 1900. 
852; Bacillus piscatorus Chester, Man. 
Determ. Bact., 1901, 257.) From Latin 
piscatorum, of fishermen. 

Short rods: 0.5 by 0.6 micron, occur¬ 
ring in pairs, sometimes in fours or (in 
broth) in long filaments. .Actively mo 
tile. Gmm-negative. 

Gelatin colonies: Small, yellowish-gmy 
becoming pink, very slimy. Carmine- 
red pellicle. Liquefaction. 

Gelatin stab: Rapid liquefaction. 
Grayish pellicle which becomes red after 
24 hours and later precipitates. Slimy. 

Agar colonies: Dull, white to pinkish 
growth. 

Broth: Rapid turbidity. Thick, slimy, 
white pellicle which later turns red. 
Purplish sediment. Liquid becomes 
pink and syrupy. In old cultures the 
broth is brown. 

Potato: At 37® to 39®C, red pigment 
visible after 8 hours. At room tempera¬ 
tures growth is first white, slimy, later 
red. 

Strong odor of trimethylamine. 

Distinctive characters: Pigment sol¬ 
uble in alcohol, more soluble in water. 
Good pigment production at 37®C. Slimi- 
neaa. 

Source: Isolated in 1893 from a l)nx of 
oil-packed sardines at a canning-factory 
in France. Also found in the red pus 
from fishermen and sardine-factory- 
workers suffering from felons. In tliese 
lesions, this organism is associated with 
an anaerobe, but by itself it is not 
pathogenic. 

Habitat: Presumably widely dis¬ 
tributed. 

Appendix: Serratia marcescens has 
frequently been described under other 
names, particularly where brilliantly 
pigmented cultures have been found. 
Some of these and other related species 
are listed below. It is known that white 
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strains of these organisms occur in nature 
but these strains when found have prob¬ 
ably been placed in non-chromogenic 
genera of the family Enlerobacleriaceae. 

Bacillus ruber Frank. (Frank, in 
Cohn, Beitr. z. Biol. d. Pflanz., 1, Heft 
3, 1S75, ISl; not Bacillus ruber Zimmer- 
mann, Bakt. unserer Trink- u. Nutz- 
wiisser, Chemnitz, 1, 1890, 24; not 
Bacillus ruber Miquel, see Cent. f. Bakt., 
II .\bt., 11, 1903, 402; Bacterium ruber 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 113.) Grew in a warm 
place on rice cooked in chicken broth. 

Bacillus sublcilieusis Petrow. (Arb. 
bfikt. Inst. luirlsruhe, 2, Heft 3, 1902, 
273.) Dust contamination from air. 
Reported to resemble Bacillus kiliensis. 

Bacterium aurescens Parr. (Proc. Soc. 
Exp. Biol, and Med., 35, 19.37, 5G3). A 
reddish-brown organism. This and the 
reddish-orange organism described by 
Tittsler (Jour. Bact., 53, 1937, 450), 
which are regarded as pigmented vari¬ 
ants of Escherichia coli, resemble the 
organisms in Serralia closely but do not 
liquefy gelatin. From water. 

Serralia amylorubra (HelToran) Bergey 
et al. {Bacillus amyloruber HefTeran, 
Cent. f. Bakt., 11 Abt., 11, 1903, 313; 
Enjlhrobacillus amyloruber Holland, Jour. 
Bact., 5, 1920, 217; Bergey et al., Manual, 
1st ed., 1923, 90.) From Mississippi 
River water and buttermilk. 

Serralia esseyana Combe. (These, 
£cole de Mdd. Univ. Besan^on, 1934, 1.) 
From well water at Essey. A study of an 
authentic culture shows this to be «Ser- 
ratia marcescens (Breed). 

Serralia fuchsina (Boekhout and De 
Vries) Bergey et al. {Bacillus fuchsinus 
Boekhout and DeVries, Cent. f. Bakt., 
II Abt., 4, 1898, 497; Eryihrobacillus 
fuchsinus Holland, Jour. Bact., 5, 1920, 
218; Bergey et al., Manual, 1st ed., 1923, 
91.) Bacillus fuchsinus Migula. (Der 
rote Bacillus, Lustig, Diag. d. Bakterien 
d. Wassers, 1893, 72; Migula, Syat. d. 
Bakt., B, 1900,853.) Although these two 
organisms were named independently 


from different cultures, they were un¬ 
doubtedly identical. The original cul¬ 
tures of these species appear to have 
been heavy pigmented strains of Serralia 
n}arcescens showing a metallic luster. 
No authentic cultures are available. 
From water. 

Serralia gutluris Jan. (Bull. Soc. Sci. 
de Bretagne, 16, 1939, 34.) From spu¬ 
tum. Claimed to be different from 
Serralia rnarcescens on the ground that 
it will grow on an asparagine medium 
and that it reduces molybdates actively. 

Serralia marinorubra Zobell and tp- 
ham. (Bull. Scripps Inst. Oceanogra¬ 
phy, LaJoIla, 5, 1944, 255.) From sea 
water. Grew only on sea water media 
when first isolated but later a culture 
studied by Breed (1944) became adapted 
to growth on ordinary media and then 
showed the characteristics of Serralia 
marcescens. 

Serralia miniacea (Zimmermann) Ber¬ 
gey et al. {Bacillus miniaceus Zimmer¬ 
mann, Die Bakterien unserer Trink- und 
Nutzwasser, Chemnitz, 1, 1890, 46; 
Eryihrobacillus miniaceus Holland, Jour. 
Bact., 5, 1920, 219; Bergey et al., Manual, 
1st ed., 1923, 90.) Probably a heavily 
pigmented strain of Serralia marcescens 
or Serralia plymulhicum showing metallic 
luster. From water. 

Serralia pyoseplica (Fortineau) Ber¬ 
gey et al. {Eryihrobacillus pyosepiicus 

Fortineau, Thesis, Faculty of Mediciue» 
Paris, 1904; abstract in Bull. Inst. Pas¬ 
teur. 5, 1905, 13; Bergey et al.. Manual, 
1st ed., 1923, 89.) No constant differ¬ 
ences have been detected between 5rr- 
ralia marcescens and authentic cultures 
of Serralia pyoseplica. From the shirt 
of a hospital patient. Pathogenic Dr 
guinea pigs and birds. Forms a soluble 
toxin. 

Serralia rubidaca Stapp. (Baclertu^ 
rubidaeum Stapp, Cent. f. Bakt., 

Abt., lOS, 1940, 251; ibid., 259.) From 
surface of plants and in composts. Char 
acters much like those of Serrati<i 

marcescens. 
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Serraiia rutilescens (Hefferan) Bergey 
et al. {Bacillus rutilescens Hefferan, 
Cent. f. Bakt., II Abt., U, 1903, 313; 
Erylhrobacillus rutilescens Holland, Jour. 
Bact., 6, 1920, 220; Bergey et al., Man¬ 
ual, 1st ed., 1923 , 91.) The characters 
given do not distinguish this species from 
strains of Serraiia marcescens tliat have 
nearly lost their power of pigment pro¬ 
duction except that it is reported to grow 
rapidly at 37°C. No authentic cultures 
appear to be available. From Mississippi 
River water. 

Serraiia rutilis (Hefferan) Bergey et al. 
{Bacillus rutilis Hefferan, Cent. f. 
Bakt., II Abt., 11, 1903, 313; Enjlkro- 


bacillus rutilis Holland, Jour. Bact., 6, 
1920,220; Bergey el al., 1st ed., 1923,94.) 
The original of this species appears to 
have been a heavily pigmented strain of 
Serraiia marcescens or of Serraiia phj- 
muthicum. No characters are given that 
distinguish it from these species and no 
cultures appear to be available. From 
Illinois River water. 

Serraiia siercoraria Jan. (Bull. Soc. 
Sci. do Bretagne, 16, 1939, 34.) From 
feces. Claimed to be different from 
Serraiia marcescens because it attacks 
lactose, maltose and mannitol and 
reduces molybdates even more actively 
than Serraiia guituris. 
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TRIBK IV. PROTE.-VE CA5TELL.KNI AND CH.U,MERS. 

(Manual of Trop. Med., 3rd ed., 1919, 932.) 

Ferments glucose but not lactose with formation of acid and usually visible gas. 
There is a single genus. 


Genus 1. Proteus Hauser.* 

(Hauser, Sitzber. d. phys.-med. Sozietiit zu Erlangen, 1885, 156; Uqiiidobacteriutn 
Jensen, Cent. f. Bakt., II .\bt., 22, 1909, 337; Spirilina Hueppe, Wiesbaden, 1886, 
146; Eisenbergia Enderleiu, Sitzber. Ges. Xaturf. Freunde, Berlin, 1917, 315.) From 
Latin, having a changeable form. 

Straight rods. Gram-negative. Generally actively motile at 25®C, motility may be 
weak or absent at 37®C, peritrichous, occasionally very numerous flagella. Generally 
produce amoeboid colonies, swarmiiig phenomenon, on moist medium. Marked pleo- 
morphism characteristic only of very young, actively swarming cultures. Ferment 
glucose and usually sucrose but not lactose. Three species in fermentable carbohy¬ 
drates produce small gas volumes even after prolonged incubation and an occasional 
culture docs not produce gas. One species usually produces acid only. Urea de¬ 
composed and trimethylamine oxide reduced by all species. 

The type species i.s Proteus vulgaris Hauser. 

Key to the species of gemus Proteus. 

I. No action on mannitol. 

.\. Acid and gas from sucrose. 

1. Acid and gas from maltose, 
a. Indole formed. 

1. Proteus vulgaris. 

B. Acid and gas from sucrose (delayed). 

1. No action on maltose. 

a. Indole not formed. 

2. Proteus mirabilis. 

C. No action on sucrose (ordinarily). 

1. No action on maltose. 

a. Indole formed. 

3. Proteus morganii. 

II. Acid, occasionally a bubble of gas, from mannitol. 

A. Acid from sucrose (delayed). 

1. No action on maltose, 
a. Indole fonned. 

4. Proteus rettgeri. 

1. Proteus vulgaris Hauser. (Hauser, Trevisan, I generi e le specie delle Bat 
Sitzungsber. d. phys.-mediz. Sozietiit zu teriacee, 1889, 17; Bacterium vugure 
Erlangen, 1885, 156; Bacillus proteus Lehmann and Neumann, Bakt. » 

* Originally revised by Prof. M. W. Yale, New York State Experiment Stotwn, 
Geneva, New York, Nov., 193S; revised by Prof. C. A. Stuart and Dr. Robert Rusti- 
gian, Brown University, Providence, Rhode Island, May, 1943. 
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I Aufl., 1896, 243; BaciUus proteus 
vulgarU Kruse, in Fliigge, Die Mikro- 
organismen, 2, 1896, 272; Bacterium 
{Proteus) vulgaris Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1S07, 101 ; 
Bacillus vulgaris Migula, Syst. d. Bakt., 
2y 1900, 707; Bacterium proteus anin- 
dologencs van Loghem, Ann. Inst. Past., 
S2, 1918, 295; Bacillus proteus-vulgaris 
Holland, Jour, Bact.,5,1920,220.) From 
Latin, common. 

Hauser described Proteus vulgaris as a 
rapid gelatin liquefier and Proteus mirabi- 
lis as a slow liquefier. Wenner and 
Kettger (Jour. Bact., 4, 1919, 332) found 
the property of liquefying gelatin too 
variable to serve as a basis for separation 
of species. They suggested that this 
differentiating character be set aside and 
the two species differentiated on the 
basis of maltose fermentation, the species 
fermenting the sugar receiving the name 
Proteus vulgaris and the species failing 
to attack it, Proteus mirabilis. This 
suggestion was accepted by Bergey et al.. 
Manual, 1st ed., 1923 and Weldin, Iowa 
Jour. Sci., i, 1927, 147; and their work 
was confirmed by Rustigian and Stuart 
(Jour. Bact., 4^, 1943,198) and by Thorn¬ 
ton (Jour. Bact., 48, 1944, 123). Also 
see Moltke (Contributions to the Char¬ 
acterization and Systematic Classification 
of Bac. proteus vulgaris (Hauser), Levin 
and Munksgaard, Copenhagen, 1927, 
156). 

Rods: 0.5 to 1.0 by 1.0 to 3.0 microns, 
occurring singly, in pairs and frequently 
in long chains. Actively motile, with 
periirichous flagella. Gram-negative. 

Gelatin colonies: Irregular, spreading, 
rapidly liquefying. 

Gelatin stab ; Rapid, stratiform lique¬ 
faction. 

Agar colonics: Opaque, gray, spreading. 

Agar slant: Thin, bluish-gray, spread¬ 
ing over entire surface. 

Broth: Marked turbidity, usually with 
a thin pellicle. 

Litmus milk: Slightly acid, becoming 


markedly alkaline. Quick peptoniza¬ 
tion. 

Potato: Abundant, creamy to yellow¬ 
ish-gray growth, becoming brown. 

Indole formed. 

Nitrites produced from nitrates. 

.\cctylinethylcarbinol not formed. 

.\cid and gas from glucose, fructose, 
galactose, maltose and sucrose. No acid 
or gas from dextrin, lactose or mannitol. 
See Moltke {he. at.) for other fermenta¬ 
tion cliaructers. Ratio H 2 to CO 2 is 
1:1 (Speck and Stark, Jour. Bact., 44, 
1942, GS7). 

Putrefactive odor produced. 

Sodium citrate usually utilized as sole 
source of carbon. 

Formation of HjS; Produced from 
cysteine, cystine or organic sulfur com¬ 
pounds containing cither of these mole¬ 
cules. Produced from sulfur and thio¬ 
sulfates (Tarr, Biochem. Jour., 27, 1933, 
1SC9; 28, 1934, 192). Lead acetate 
turned brown. 

Aerobic, facultative. 

Optimum temperature 37‘’C. 

Distinctive characters: X-Strains of 
Weil and Felix. Lehmann-Neumann- 
Breed,Determinative Bact., Eng. Trans., 
7th cd., 2, 1931, 493: “The discovery of 
proteus strains which may be aggluti¬ 
nated by typhus serum is of very great 
importance. These are the so-called 
X-strains from typhus patients found by 
Weil and Felix. They first cultivated 
strains Xand X 2 from the urine of typhus 
patients and later the famous X 19 . The 
two former were agglutinated weakly, the 
latter strongly (up to 1:50,000). The 
diagnosis of typhus by agglutination with 
strain Xi# proved to be excellent and the 
reaction took place in the serum of almost 
100 per cent of those suffering from the 
disease. . . . The typhus strains of pro¬ 
teus have recently been divided into the 
two types of Felix and Weil, the H forms 
and the 0 forms. The former grows as a 
thin opaque film, the latter lacks this 
character and grows as non^spreading 
slimy colonies; frequently without dis- 
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tinct flagella. . . (For further de¬ 
scription of H and 0 forms see Moltke, 
loc. cil.) 

The Xjand X 19 strains mostly ferment 
maltose. 

Source: From putrid meat infusions 
and abscesses. 

Habitat: Putrefying materials. 

2. Proteus mirabilis Hauser. (Hau¬ 
ser, Sitzungsber. d. phys.-mediz. Sozietat 
zu Erlangen, 18S5,156; Bacillus mirabilis 
Trevisan, I generi e le specie delle Bat- 
teriacce, 1859,17; Bacillus proteus mira¬ 
bilis Kruse, in Fliigge, Die Mikroorganis- 
men, 3 Aufl., 2, 1806, 276; Bacterium 
mirabilis Chester, Del. Coll. Agr. Exp. 
Sta., 9th Ann. Kept., 1897, 101; Bacillus 
pseudorajnosus Migiila, Syst. d. Bakt., 
2, 1900, 817; not Bacillus pseudoramosus 
Distaso, Cent. f. Bakt., I Abt., Orig., 
62, 1912, 441; Bacillus protcus-mirabilis 
Holland, Jour. Bact., 5,1920,220.) From 
Latin mirabilis, wonderful. 

Short rods: 0.5 to 0.6 by 1.0 to 3.0 
microns, occurring singly, in pairs and 
frequently in long chains. Motile, pos¬ 
sessing peritrichous flagella. Gram-neg¬ 
ative. 

Gelatin colonics: Irregular, spreading. 

Gelatin stab: Slow, stratiform lique¬ 
faction. 

Agar colonies: Gray, irregular, spread¬ 
ing. 

Agar slant: Thin, bluish-gray, spread¬ 
ing over surface. 

Broth: Turbid, with thin gray pellicle 
and sediment. 

Litmus milk: Slightly acid, becoming 
alkaline, peptonized. 

Potato: Dirty-gray, spreading growth. 

Indole not formed. 

Acetylmethylcarbinol frequently pro¬ 
duced weakly. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose 
and galactose. Acid and gas usually pro¬ 
duced slowly from sucrose. No acid or 
gas from lactose, maltose, dextrin or 
mannitol. 


The XK strains are mostly maltose 
negative. 

Putrefactive odor produced. 

Hydrogen sulfide is produced. 

Sodium citrate usually utilized as a 
sole source of carbon. 

.Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From putrid meat, infusions 
and abscesses. Also reported as a cause 
of gastroenteritis (Cherry and Barnes, 
Amer. Jour. Pub. Health, 36, 1946, 
484). 

Habitat: Putrefying materials. 

3. Proteus morganii (Winslow et al.) 
Rauss. (Organism No. 1, Morgan, Brit. 
Med. Jour., 1, 1906,908; Bacillus morgani 
Winslow, Kligler and Rothberg, Jour. 
Bact., 4 , 1919, 481; Bactcriurn morgani 
Holland, Jour. Bact., 5, 1920 , 215; Bac¬ 
terium metacoli or Escherichia 7 norgani 
Thjptta, Jour. Inf. Dis., 46, 1928, 349; 
Salmonella morgani Castellan! and Chal¬ 
mers, Man. Trop. Med., 1919,939; Rauss, 
Jour. Path, and Bact., 4^, 1936, 183; 
Morganella morganii Fulton, Jour. Bact., 
46, 1943, 81; regarded by Fulton as the 
type speeics of the genus Uorganella.) 
Named for Morgan, who first isolated this 
organism. 

Common name: Morgan’s bacillus, 
type 1. 

Rods: 0.4 to 0.6 by 1.0 to 2.0 microns, 
occurring singly. Motile with ped- 
trichous flagella. See Rauss, loc. cit., 
for discussion of flagellation and relation 
to the sw’arming characteristic. Gram- 
negative. 

Gelatin colonies: Bluish-gray, homoge¬ 
neous, smooth, entire. 

Gelatin stab: No liquefaction. 

Agar colonies: Grayish or bluish-white, 

circular, entire. , 

Agar slant: Grayish-white, smoot , 

glistening growth. 

Broth: Turbid. 

Litmus milk: Neutral, or becoming 

Q Ilf a )i no 

Potato: Dirty-white, limited growth. 
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Indole is formed. 

Nitrites are produced from nitrates. 
Acetylmethylcarbinol not formed. 

Acid and a small amount of gas from 
glucose, fructose, galactose and man¬ 
nose. Rarely from xylose. Does not 
attack lactose, sucrose, maltose, arabi- 
nose, raffinosc, dextrin, salicin, mannitol, 
dulcitol, sorbitol, adonitol or inositol. 
Hydrogen sulfide not produced. 

Sodium citrate not utilized as sole 
source of carbon. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Isolated from the feces of 
infants with summer diarrhea. 

Habitat: In intestinal canal in normal 
or diarrheal stools. 

4. Proteus rettgerl (Hadley et al.) 
Rustigian and Stuart. {Bacterium rett- 
geri Hadley, Elkins and Caldwell, Rhode 
Island Agr. Exp. Sta. Bull. 174,1918,169; 
Bacillus reltgeri St. John-Brooks and 
Rhodes, Jour. Path, and Bact., 26, 1923, 
434; Eberthella reltgeri Bergcy et al., 
Manual, 1st ed., 1923, 232; Shigella 
reltgeri Weldin, Iowa State College Jour. 
Sci., 1, 1927, 181; Atypical enteric or¬ 
ganisms of the Shigella group. Cope 
and Kilander, Amer. Jour. Pub. Health, 
S2, 1942, 352; Proteus eniericus Rustigian 
and Stuart, Jour. Bact., 45, 1943, 198; 
Rustigian and Stuart, Proc. Soc. E.xp. 
Biol, and Med., 63, 1943, 241.) Named 
for L. F. Rettger, the American bacr 
tcriologist, who isolated this species in 
1904. 

Rods: 0.5 to 0.8 micron long, occurring 
singly, in pairs and occasionally in chains. 
Usually non-motilo at 37®C, but actively 
motile variants possessing peritrichous 
flagella can be obtained at 25^C. Gram- 
negative. 

Gelatin colonies: Small, grayish, trans¬ 
lucent, entire. 

Gelatin stab: No liquefaction. 

Agar colonics: Small, grayish, translu¬ 
cent, entire; under suitable conditions 
some strains show marked spreading. 


Agar slant: Filiform to echinulate, 
grayish, thin, moist, translucent. 

Broth: Turbid with flocculent to 
viscid sediment. 

Litmus milk: Alkaline in eight days, 
becoming translucent. 

Potato: Luxuriant, grayish growth. 

Acid and occasionally slight gas from 
glucose, fructose, galactose and mannitol. 
Salicin may or may not be fermented. 
Slow and sometimes weak acid in sucrose. 
Lactose and maltose not fermented. 

Indole is formed. 

Nitrites are produced from nitrates. 

Acetylmethylcarbinol not formed. 

Hydrogen sulfide not produced. 

Sodium citrate utilized as sole source 
of carbon. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Originally isolated from chol¬ 
era-like epidemic among chickens; re¬ 
cently isolated from sporadic and epi¬ 
demic gastroenteritis patients. 

Habitat: Fowl typhoid and some 
cholera-like diseases of birds. 

Appendix; Acceptance of gelatin lique¬ 
faction and fermentation of glucose and 
sucrose but not lactose as the cardinal 
characteristics of Proteus without ref¬ 
erence to urease production and small 
gas volumes has resulted in some cul¬ 
tures of Paracolobaclrum (Borman et al., 
Jour. Bact., 45,1944,361) being described 
as Proteus (Rustigian and Stuart, Jour. 
Bact., 1945, 419). Included in the 
appendix are species of Proteus whose 
taxonomic position is not clear. \Vhere 
descriptions permit, the probable taxo¬ 
nomic position of the organism is indi¬ 
cated. For purposes of reference, or¬ 
ganisms are also included which do not 
now' merit species rank in the genus 
Proteus and organisms which will now be 
found in another genus. 

Bacillus agglomerans Beijerinck. 
(Botan. Zeitung, 45, 1888, 740 or 749.) 
From nodules on the roots of red clover. 
Colonies like those of Proteus. 
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BaciUua Jfuiriscpticus plcomorphus 
Karlinski. (Karlinski, Cent. f. Rakt., 
5, 1880. 193; Protcu'i of Karlinski. Stern¬ 
berg, Man. of Baef.. 1803. 4G0.) From a 
urine discharge and from al)S(*essos in 
the uterus. Sternberg regar<!s this spe¬ 
cies as probably identical witli Proteus 
vulgoris Hauser. 

Flarobaclcriniu mcuiugilidis Ilauduroy 
et al. {Bacillus lulcus UfjU''fucivus Ilau¬ 
duroy, Duhainel. Khringer anil Mondin, 
Compt. rend. Soe. Biol., Baris, UO, 1032. 
362; Ilauduroy et al.. Diet. d. Bact. 
Patli., 1037. 236.) Related to this 
species but differing in that it ferments 
lactose is the following: Bacterium coli 
var. lutroligucfacicns Lehmann and 
Levy, in Lehmann and Xcumann, Bakt. 
Diag., 4 Aufl., 2, 1007, 314 (Bacillus culi 
var. lutcoliquefacieus Ilauduroy, Du- 
hamel, Ehringer and Mondin, loc. cit., 
1932, 363). 

Proteus alveicola Serbinow. (Jour. 
Microbiol., Petrograd, 2, 1915, 19.) 
From an infectious diarrhoea of honey 
bees {Apis mellifera). 

Proteus americanus Pacheco. (Scien* 
cia Medica, G, 1928.) From the blood 
of patients with liver abscesses. Assis 
(Brasil Medico, No. 42-45, 1934, 35), St. 
John-Brooks and Rhodes (3rd Internat. 
Cong, for Microbiology, Rept. of Proc., 
1939, 167), Rustigian and Stuart (Jour. 
Bact., 45, 1943, 198) and Thornton (Jour. 
Bact., 48, 1944, 123) agree that Proteus 
americanus is Proteus mirabilis. See 
Manual, 5th ed., 1939, 434 for a descrip¬ 
tion of this species. 

Proteus ammoniac Magath. (Magath, 
Jour. Inf. Dis., 43, 1928, 181; Salmonella 
ammoniac Hager and Magath, Jour. 
Amer. Med. Assn., 85, 1925,1352.) From 
urine in cystitis. St. John-Brooks and 
Rhodes (3rd Internat. Congr. for Micro¬ 
biology, Rept. of Proc., 1939,167), Levine 
(Jour. Bact., 43, 1942, 33), Rustigian and 
Stuart (Jour. Bact., 45, 1943, 198) and 
Thornton (Jour. Bact., 48, 1944, 123) 
agree that Proteus ammoniae is Proteus 
mirabilis. See Manual, 5th ed., 1939, 


4.34 for a description of this species. See 
Fulton, Jour. Bact., 51, 1946, 685 for the 
view that Proteus ammoniae is a valid 
species. 

Proteus homhycis Bergey et al. (A 
Gram-negative bacillus, Glaser, Jour. 
Bact., 9, 1924, 344; Bacterium bombyci’ 
vorum Lehmann and Neumann, Bakt. 
Diag., 7 Aufl., 2, 1927, 445; Aerobacter 
bombycis Bergey et al., Manual, 3rd ed., 
1930, 334; Bergey et al., Manual, 4th ed., 
1934, 365.) From diseased silk worms 
(Bombyx tnori). Proteus bombycis ap¬ 
pears to be a strain of Paracolobactrum 
aerogenoides Borman et al. See Manual, 
5th ed., 1039,436 for a description of this 
species. 

Proteus (liffluens (Castellani) Castel- 
lani and Chalmers. {Bacillus dijjluens 
Castellani, 1915; Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
943.) From gastroenteritis patients. 
This may be a biochemical variant of 
Proteus mirabilis. 

Proteus kenricensis Shaw. (Sci., 55, 
1927, 477.) From putrefying materials. 
Said to bo related to Proteus diffluens. 

Proteus infantum (Weldinand Levine) 
Wcldin. (Dean, Med. Jour. Australia, 
t, 1920, 27; Bacterium infantum Weldin 
and Levine, Abst. Bact., 7, 1923, 13» 
Weldin, Iowa State Coll. Jour. Sci., U 
1926, 148.) From urine and feces of an 
infant. 

Proteus insecticolens Steinhaus. (Jour* 
Bact., 42, 1941, 763.) From the stom¬ 
ach of the milkweed bug {Oncopeltus 
fasciatus). This appears to be a strain 
of Paracolobactrum intermedium Borman 

etal. 

Proteus melanovogenes Miles and Ha 
nan. (Jour. Hyg., 37, 1937, 79.) From 
eggs showing black rot. This does no 
appear to be a member of the genus 

Proteus. 

Proteus metadijjluens (Castellani) s 
tellani and Chalmers. {Bacillus 
diffiuens Castellani, 1915; Castellani and 
Chalmers, Manual Trop. Med., 19 » 
943.) From gastroenteritis patients. 
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This does not appear to be a member of 
the genus Proteus. 

Proteus nadsonii Lobik. (Diseases of 
Plants, St. Petersburg, 5, 1915, 67.) 
From decomposed potatoes and toma¬ 
toes. This does not appear to be a mem¬ 
ber of the genus Proteus. 

Proteus nociuaruJH (White) Borgey 
et al. {Bacillus noctuarum White, Jour. 
Agr. Res., 26, 1923 , 488; Escherichia 
noctuarii Bergey et al., Manual, 3rd ed., 
1930, 327; Bergey et al., Manual, 4th 
ed., 1934, 363.) A cause of cutworm 
(Fam. Nocluidae) septicemia. Cultur¬ 
ally identical with but serologically 
different from Proteus sphingidis. 

Proteus odorans Pribram. {Bacterium 
aquatile odorans von Riglcr, Hyg. Rund., 
12, 1902, 479; Pribram, Klas.sifikation 
der Schizomyceten, Leipzig and Wien, 
1933, 73.) From bottled mineral waters. 
Aromatic odor in milk. 

Proteus paraamericanus Magalhties and 
Aragno. (Brasil Medico, 47, 1933, 815.) 
From urine. Assis (Brasil Medico, No. 
42-45,1934, 35) states that this is Proteus 
mirabilis. 

Proteus paradijjluens (Castellani) Cas- 
tellani and Chalmers. {Bacillus para- 
dijfluens Castellani; Castellani and Chal¬ 
mers, Manual Trop. Med., 3rd ed., 1919, 
943.) This appears to be identical with 
Proteus mirabilis. 

Proteus parainorganii Castellani and 
Chalmers. (Man. Trop. Med,, 3rd ed., 
1919, 943.) This is an H form of Proteits 
morganii. 

Proteus photuris Brown. (Amer. Mu¬ 
seum Nov., No. 251, 1927, 9.) From 
luminous organ of the firefly {Photuris 
pennsylvanicus). This does not appear 
to be a member of the genus Proteus. 

Proteus piscicidus versicolor Babes and 
Ricgler. (Babes and Riegler, Cent. f. 
Bakt., I Abt., Orig., S3, 1902-03, 449; 
Bacillus piscicidus versicolor Nepveux, 
ThSse, Fac. Pharm., Paris, 1920, 114.) 
From diseased carp {Cyprinus carpio). 
Resembles Proteus vulgaris. 

Proteus pseudovaleriei Assis. (Jour. 


Hyg., 27, 1927, 108.) Rustigian and 
Stuart (Proc. Soc. Exper. Biol, and Med., 
53, 1943, 241) slate that this is a para¬ 
colon organism, presumably Paracolo- 
bactrum colijorme Borman et al. See 
Manual, 5th ed., 1939, 435 for a descrip¬ 
tion of this species. 

Proteus recticolens Steinhaus. (Jour. 
Bact., 4^, 1941, 763.) From pylorus and 
rectum of the milkweed bug {Oncopelius 
fascialus). This appears to be a strain of 
Paracolobactrum intermedium Borman 
et al. 

Proteus sphingidis (\Vhite) Bergey et 
al. {Bacillus sphingidis White, Jour. 
Agr. Res., 26, 1923, 49; Escherichia 
sphingidis Bergey et al.. Manual, 3rd 
ed,, 1930, 327; Bergey et al., Manual, 4th 
ed., 1934, 366.) A cause of hornworm 
septicemia {Protoparce sexta Johan, 
and P. ■ quinquemaculata Haw.). See 
Manual, 5th ed., 1939, 605 for a descrip¬ 
tion of this species. White {loc. cit.) 
regards this species as possibly identical 
with Coccobacillus acridiorum d’Herelle. 

Proteus sulfureus Ilolschewnikoff. 
(Holschewnikoff, Fortschr. d, Med., 7, 
1889, 201 and Ann. de Microgr., 1, 1888- 
1889, 257; Bacillus lindenborni Trevisan, 
I generi e le specie dclle Batteriacee, 
1889, 17; Bacillus sxdjureus Migula, 
Syst. d. Bakt., 2, 1900, 698; not Bacillus 
sulfureus Trevisan, I generi e le specie 
dclle Batteriacee, 1889, 17.) From wa¬ 
ter. Similar to or perhaps identical with 
Proteus vulgaris Hauser. Produces IIjS. 

Proteus sp. Steinhaus. (Jour. Bact., 
42 , 1941, 764.) This organism appears 
to be a strain of Paracolobactrum inter¬ 
medium Borman et al. 

Proteus sp. Warren and I.amb. (Jour. 
Med. Res., 44, 1924, 375.) From feces 
and blood of patient with a fatal infec¬ 
tion. This organism does not appear 
to be a member of the genus Proteus. 

Urobacillus liquefaciens septicus 
Krogius. (Compt. rend. Soc. Biol., 
Paris, 2, 1890, 65.) Regarded by Leh¬ 
mann and Neumann (Bakt. Diag., 1 
Aufl., 2, 1896, 243) as a synonym of Pro¬ 
teus vulgaris. 
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TRIBE V. SALMONELLEAE BERGET, BREED AND MURRAY. 

(Preprint, Manual, 5th ed., October, 1938, vi.) 

Rods that arc either motile with peritrichous flagella or non-motile. Attack 
numerous carbohydrates with the formation of acid, or acid and gas. Lactose, su¬ 
crose and salicin are not ordinarily attacked. Do not produce acetylmethylcarbinol. 
Gelatin not liquefied (exceptions have been noted, but are rare). Urea not hydro¬ 
lyzed. Milk not peptonized. No spreading growth on ordinary 2 to 3 per cent agar. 
Live in the bodies of warm-blooded animals, including man, occasionally in reptiles, 
and frequently in food eaten by these animals. 


Key to the genera of tribe Salmonelleae. 

I. Ferments glucose with the formation of acid and, with few e.xceptions, gas. 

Genus 1. Salmonella^ p. 492. 

II. Ferments glucose with the formation of acid but, with rare exceptions, no gas. 

Genus II. Shigella, p. 535. 


Genus I. Salmonella Lignihes.* 

(Rec. de m(Sd. v^t., S6r. 8, 7, 1900, 389.) 

Usually motile, but non-motile forms occur. Produce acid and gas from glucose, 
maltose, mannitol and sorbitol (except that in Salmonella typhosa and S. gallinarum 
no gas is produced). Lactose, sucrose and salicin not attacked. Do not clot milk, 
form indole or liquefy gelatin. Reduce trimethylamine oxide to trimethylamine.f 
All of the known species are pathogenic for warm-blooded animals, including man, 
causing food infections and enteric fevers. A few are found in reptiles. Some or all 
may also live in decomposing foods. 

Although fermentation of lactose, sucrose and salicin, formation of indole, gelatin 
liquefaction and failure to produce gas have been described for organisms serologi¬ 
cally belonging to Salmonella, the practical recognition of this genus and studies of 
its constituent species suggest that these be looked upon as exceptions which do not 
invalidate the biochemical definition of the genus. Serological definition of the 
limits of the genus is fraught with many practical and theoretical difficulties. In¬ 
deed, there is increasing evidence of antigenic affinities of varying degree between 
Escherichia, Sahnonella and Shigella. This is w'ell reviewed by Bornstein (Jour. 
Immunol., 4^, 1943,439). Within the limits of the genus Salmonella, serological re a 


* Completely revised by Prof. Frederick Smith, McGill Univ., Montreal, P- Q-' 
Canada, December, 1938; further revision, 1946. Manuscript read by Dr. F. au ^ 
mann. State Serum Institute, Copenhagen, Denmark and by Dr. Philip Edwar s an 
Dr. D. W. Bruner, Agri. Exper. Sta., Lexington, Kentucky, May, 1946. 
cialists have also assisted in completing references and in compiling records o 
distribution of types. 

t Wood and Baird, Jour. Fish. Res. Board Canada, 6, 1943,194. 
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tionships are the chief means of identifying new strains. There is general dissatis¬ 
faction with the granting of species rank to each one of the rapidly mounting number 
of types. The purposes of the greater number of bacteriologists, however, will be 
best served for the present by listing the known types. 

There is a wide difference between the viewpoint of those who think of the sero¬ 
logical types recognized in this genus as species, e.g., Schutze et al. (Jour. Hyg., 54, 
1934,333) and the more recently e.vpressed viewpoint of Borman, Stuart and Wlieeler 
(Jour. Bact., 45, 1944 , 351). The latter authors recognize only three species in the 
genus, Salmonella choleraesuis, S. typhosa and S. kauffmannii. In the second report 
by Schutze et a!. (Proc. 3rd Internat. Cong. Microbiol., New York, 1940, 832) tlie so- 
called species listed in the first report by this Sub-committee are designated as types. 

Kauffmann, who recognizes nearly 150 serotypes in the group, nevertheless notes 
in a recent paper (Acta Path, et Microbiol. Scand., 25,1945,144) that five types are 
of special interest in the field of human medicine, Salmonella paratyphi A , Salmonella 
paratyphi B, Salmonella paratyphi C, Salmonella typhi and Salmonella eendai; and 
that six types arc of special interest in the field of veterinary medicine, Salmonella 
typhimurium, Salmonella aborlusequi, Salmonella abortusovis, Salmonella cholerae¬ 
suis, Salmonella enterilidis and Salmonella gallinarum-pullorum. 

The 150 or more serotypes are, in a way, comparable to the 50 or more serotypes of 
Diplococcus pneumoniae that are recognized on the basis of agglutination with im¬ 
mune serums. The serological methods used have proved to be of fundamental value 
as they provide useful diagnostic procedures by means of which unknown cultures 
can be accurately and quickly identified. 

As the morphology, staining properties and physiology of the bacteria belonging 
to the various types are practically identical, only the antigenic structure, source 
and habitat (so far as the latter is known) have been recorded for the majority of the 
types listed. Even though there is much duplication, descriptions similar to those 
used elsewhere in the Manual are given for the eleven types that are of greatest 
interest. Special mention has also been made of unusual characters such as failure 
to produce gas from glucose, lactose fermentation, indole production and gelatin 
liquefaction. 

The nomenclature used for this group presents a special problem. It developed 
from labelings used for cultures. These were designated by the name of a patient, 
e.g., Thompson; by the name of the hospital where the patient was placed, e.g., Vir¬ 
chow, Bispebjerg; or more frequently by the name of the village, locality or city 
where the outbreak occurred or W’as studied, e.g., Borbeck, Altendorf, Tel Aviv. The 
names of states and larger areas have also been used, e.g., Kentucky, Italia, etc. 
Recently several types have been named in honor of well-known bacteriologists, e.g., 
Berta, Gaminara, Arechavaleta. As this useful laboratory labeling is not in the 
form ordinarily used by taxonomists, various suggestions have been made regarding 
the development of a binomial nomenclature comparable to that more generally used. 
None of these suggestions has been generally accepted as yet. For example, Haupt 
(Ergebnisse d. Hyg., 15,1932, 673) and others who have thought of the serotypes as 
species have added Latin endings to the place and other proper names that have been 
used, e.g.. Salmonella readingensis, S. rostockensis. Schlitze et al. (Jour. Hyg., 54, 
1934 , 333) accepted the viewthat the place and other names should be used in bi¬ 
nomials without adding Latin endings. Kauffmann (Ztschr. f. Hyg., 120, 1938,193), 
on the other hand, has suggested that letters and numbers, e.g.. Salmonella B2, or 
even (Acta Path, et Microbiol. Scand., £S, 1945, 147) the antigenic formula be used 
with the generic name, e.g.. Salmonella IV, V, XII... b 1, 2 . . , instead of Sal¬ 
monella paratyphi B, 



494 


MANUAL OF DETERmNATIVE BACTERIOLOGY 


The nomenclature used in the present edition of the Manual is slightly modified 
from that used in the fifth edition. The form adopted is in accordance with the view 
that the recognition of similar antigenic structures really identifies serotypes rather 
than species. In a way, serotypes are varieties in a taxonomic sense, though like 
horticultural varieties in higher plants, they do not exactly correspond with varieties 
as usually defined by taxonomists. Where cultural differences rather than antigenic 
structure have been used to subdivide species, these subdivisions arc designated as 
varieties. 

As it is not clear as yet how many and what species will eventually be recognized, 
the form Sahtionella sp. has been used as before to indicate that the serotypes belong 
to species in the genus Salmonella wliich are not yet definitely defined. Geographic 
and other proper names are used to designate types as these have been used exten¬ 
sively in the literature. They have an historic significance and are not as easily 
confused as are letters and numbers. Xo Latin endings have been used for these 
place names as this might indicate that the serotype names are accepted as species 
names. 

The genus Ebcrlhella has been combined with the genus Salmonella as recommended 
by Scliiitze et al. {loc. cit.). With the exception of the typhoid organism, other 
species previously listed in Ebcrlhella appear not to exist in type culture collections. 
.\s cultures are not available for study, these species are merely listed in an appendix 
to the genus Salmonella. 

The type species is Salmonella choleraesuis (Smith) Wcldin. 

The table on pages 495 to 500 is used in place of the usual key. 
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1. Salmonella paratyphi (Kayser) Cas- 
tellani and Chalmers. {Bacterium para¬ 
typhi Typus A, Brion and Kayser, 
iMiinch. med. Wchnschr., 49, 1002, 611; 
Bacterium paratyphi Kayser, Cent. f. 
Bakt., I Abt., Orig., SI, 1902, 426; Ba¬ 
cillus paratyphosus A Boycott, Jour. 
llyS-i 1906, 33; Bacillus paratyphi 
Winslow and Kligler, Jour. Bact., 1 , 
1916,81; Bacillus paratyphosus Winslow, 
Kligler and Rothberg, Jour. Bact., 4 , 
1919, 474; Salmonella paratyphi and 
Salmonella paratyphi A Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 938 and 939; Bacterium paraty- 
phosum A Holland, Jour. Bact., 5, 1920, 
219.) From Latin para, like and typhus, 
typhoid. 

Rods: 0.6 by 3.0 to 4.0 microns, occur¬ 
ring singly. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Bluish-gray, homoge¬ 
neous, smooth, glistening, entire to 
slightly undulate. 

Gelatin stab: Fair surface growth. No 
liquefaction. 

Agar colonies: Grayish, homogeneous, 
smooth, glistening, entire to slightly 
undulate. 

Agar slant: Filiform, grayish, smooth, 
glistening growth. 

Broth: Turbid, with slight grayish 
sediment. 

Litmus milk: Slightly acid. 

Potato: Limited, dirty-white streak. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinose, maltose, 
trehalose, dextrin, glycerol, mannitol, 
dulcitol, rhamnose and sorbitol. No 
acid or gas from lactose, sucrose, raffi- 
nose, xylose, salicin, inulin, adonitol or 
inositol. 

Reduces trimethylamine oxide (Wood 
and Baird, Jour. Fish. Res. Bd. Canada, 

1943, 198). 

No hydrogen sulfide formed. 

Aerobic, facultative. 

Optimum temperature SVC. 


Antigenic structure: (Ij, H, Xll:a:~. 
(Type Durazzo lacks I). 

Source: Isolated from enteric fever in 
man. Not known to be a natural patho¬ 
gen of animals. 

Habitat; A natural pathogen of man 
causing enteric fever. 

2. Salmonella schottmuelleri (Winslow 
et al.) Bergey et al. (Bacilli paraty- 
phique, Achard and Bensaude, Soc. 
Mdd. des Hop. de Paris, IS, 1896, 679; 
Bacillus paratyphi alcaligenes Schott- 
muller, Deutsche med. Wchnschr., 32, 
1900, 511; Bacterium paratyphi Typus 
B, Brion and Kayser, Miinch. med. 
Wchnschr., 4 ^, 1902, 611; Bacillus para¬ 
typhosus B Boycott, Jour. Hyg., 6 , 1906, 
33; Bacterium paratyphosum B Le Blaye 
and Guggenheim, Manuel Pratique de 
Diag. Bact., 1914; Bacillus schottmulleri 
Winslow, Kligler and Rothberg, Jour. 
Bact., 4. 1919, 479; Salmonella paratyphi 
B Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 939; Bacterium 
schottmulleri Holland, Jour. Bact., 5 , 
1920,222; included in Group IV of Hecht- 
Johansen, Copenhagen, 1923; Bergey et 
al., Manual, Ist ed., 1923, 213.) Named 
for Prof. Schottmiiller who isolated this 
organism in 1899. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly and in pairs. Motile 
with peritrichous flagella. Gram-nega¬ 
tive. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, circular, bluish- 
gray, transparent, homogeneous, entire 
to undulate. 

Broth: Turbid with thin gray pellicle 
and sediment. Fecal odor. 

Litmus milk: Slightly acid, becoming 
alkaline. 

Potato: Grayish-white, viscous 

growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinose, xylose, 
maltose, dextrin, trehalose, glycerol. 
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mannitol, dulcitol, sorbitol, rhamnose 
and inositol. No acid or gas from lac¬ 
tose, sucrose, inulin, salicin or adonitol 
and usually not from raflfinose. 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cil.). 

Hydrogen sulfide produced. 

Optimum temperature 

Aerobic, facultative. 

Antigenic structure: [I], IV, (V), XII: 
b: (1,2). . . . Some strains lack antigen V 
and some have I. 

Source: Isolated from cases of enteric 
fever in man. Not a natural pathogen 
of animals. 

Habitat: A natural pathogen of man 
causing enteric fever. Also found rarelv 
in cattle, sheep, swine, lower primates 
and chickens. 

3. Salmonella sp. (Type Abony). {Sal- 
tnonella abony Kauffmann, .\cta Path, et 
Microbiol. Scand., 17, 19-10, 1.) 

Antigenic structure; [1|. IV, V, XH: 
b: e. n, X. . . . 

Source: Isolated by Kauffmann from 
a mixed culture of Salmonella abortus 
bovis sent to him by Dr. K. Rauss, Buda¬ 
pest. Later three additional cultures 
were received from Dr. Rauss. Original 
culture from the feces of a normal person. 

Habitat: All cultures thus far recog¬ 
nized have been from human sources. 

4. Salmonella typhimurimn (Loeffler) 
Castellani and Chalmers. {Bacillus ty- 
Vhi murium Loeffler, Cent. f. Bakt., 11, 
1892, 192; Bacterium typhi murium Ches¬ 
ter, Ann. Kept. Del. Col. Agr. E.xp. Sta., 
9, 1897, 70; Bacillus murium Migula, 
Syst. d. Bakt., S, 1900, 761; Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed., 1919, 939; Bacillus typhi-murium 
Holland, Jour. Bact., 5, 1920, 221; Bac¬ 
terium typki-murium Holland, idem; 
Bacillus enterilidis B, Typ. murium 
Januschke, Ztschr. f. Infektionskr. d. 
Haustiere, Jg7, 1924, 182.) 

The following are regarded as syn¬ 
onyms of this organism: Salmonella 


psittacosis Castellani and Chalmers 
(Man. Trop. Med., 3rd ed., 1919, 939; 
Bacillus psittacosis Nocard, Conseil d. 
Hyg. Publique et Salubrity du Dept, 
du Seine, Sfeuco, March 24, 1893; Bac¬ 
terium psittacosis Le Blaye and Guggen¬ 
heim, Manuel Pratique de Diagnostic 
Bact^riologique, 1914); Salmonella aer- 
Irycke Castellani and Chalmers (Man. 
Trop. Med., 3rd ed., 1019, 039; Bacillus 
aertrycke De Nobele, .\nn. Soc. M6d. 
Gand., 72, 189S, 281; Bacillus para- 
aerlrycke Castellani, Ann. di Med. Nav. 
c Colon., II, 1914, 453; Bacterium aer¬ 
trycke Weldin and Levine, .\bst. Bact., 
7, 1923, 13); Kaensche’s Bacillus and 
Basenau’s Bacillus, Kaensche, Ztschr. 
f. Hyg., 22, 189G, 53; Bacillus pestis- 
caviae Wherry (Jour. Inf. Dis., 5, 1908, 
519; Bacillus cholcra-caviae Wherry, 
Pub. Health Repts., November, 1908; 
Pasturelln pestis-caviae Holland, Jour. 
Bact., 5, 1920, 219); Bacillus paratypho- 
sus B, Mutton type, Schtitze, Lancet, 1, 
1920, 93; Group VII of Hecht-Johansen, 
Copenhagen, 1923; Salmonella aerlrycke 
Ibrahim and Schtitze, Brit. Jour. Exp. 
Path., 9, 1928, 353; Bacterium enleritidis 
Breslau and Salmonella breslau of Ger¬ 
man literature; Mouse-typhoid of many 

authors. Some strainsare confused with 

• » 

Salmonella anatis because of their origin 
in ducklings, e.g., see Salmonella ana- 
turn var. aertrycke Olsen and Goctchins, 
Cornell Vet., 27, 1937 , 354. 

Hauduroy et al. (Diet. d. Bact. Path., 
Paris, 1937, 449) regard the following as 
synonyms of Salmonella aerlrycke: Ba¬ 
cillus breslaviensis Kruse, in Fltigge, Die 
Mikroorganismen, 3 Aufi., S, 1896, 377, 
Bacterium breslaviensis Chester, 

Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
69; B. enleritidis hreslaviense Berge. 
Deut. tierarztl. Wchnschr., 1926, 473, 
Salmonella meleagridis Rettger,^ 
tridge and Cameron, Jour. Inf. Dis., » 
1933, 279; Salmonella aerlrycke var. 
meleagridis Cameron and Rettger, Jour. 

Bact., £7, 1934 , 86. 

See Edwards and Bruner, Kentuc y 
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Agr. Exp. Sta. Bull. 400, 1940, 43-70, 
for a discussion of this species. 

Rods: 0.5 by 1.0 to 1.5 microns, occur¬ 
ring singly. Motile with peritrichous 
flagella. Gram-negative. 

Gelatin colonies: Small, circular, gray¬ 
ish, granular, becoming yellowish-brown. 

Gelatin stab: Flat surface growth. 
No liquefaction. 

Agar colonies: Small, circular, grayish, 
entire to undulate. 

Agar slant: Filiform, grayish, moist, 
entire growth. 

Broth: Turbid. 

Litmus milk: Slightly acid, becoming 
alkaline. 

Potato: Grayish-white streak. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, arabinose, maltose, dextrin, 
mannitol, sorbitol and inositol. Acid 
from glycerol. No action on lactose, 
sucrose, raflinose, inulin, salicin or 
adonitol. 

Reduces trimethylamine oxide {Wood 
and Baird, loc. cil.). 

Hydrogen sulfide produced. 

Optimum temperature 37®C. 

Aerobic, facultative. 

Antigenic structure: (11, IV, IV], XII: 
i: 1,2,3... 

Source: Isolated during a mouse ty¬ 
phoid epidemic in the Hygienic Institute 
of Greifswald, Germany. 

Habitat: Causes food-poisoning in 
man. A natural pathogen for all warm¬ 
blooded animals. This type occurs more 
frequently than any other type not con¬ 
fined to a specific host. Also found in 
snakes by Hinshaw and McNeil (.\mer. 
Jour. Vet. Res., 6, 1945, 264). 

4a. Salmonella typhimurium (Type 
Binns). {Bacillus paratyphesus R Binns 
type, SchUtze, Lancet, /, 1920,93; Group 
VI of Hccht-Johansen, Copenhagen, 
1923;Typu8-Binn8, Kauffmann, Zbl. f. d. 
ges. Hyg., 25, 1931, 273; Saljnonella ly- 
phhnurium var. Copenhagen, Kauffmann, 


Ztschr. f. Hyg., 116, 1934 , 368; Salmon¬ 
ella typhi-murium var. Binns, Schtitze 
et al., Jour. Hyg., 34, 1934 , 339; Sal¬ 
monella aerlrycke var. Storrs, Edwards, 
Jour. Bact.,50, 1935, 471.) 

Morphology and cultural characters 
indistinguishable from those of Sal¬ 
monella typhimurium, except some 
strains ferment maltose late or are 
anaerogenic. 

Antigenic structure; (1), IV, XII: i: 
1, 2, 3 . . . (Edwards, Jour. Hyg., 36, 
1936, 348). Many colonies may be ex¬ 
amined before the specific phase flagellar 
antigen is demonstrated. DifTers from 
Salmonella typhimurium in lacking anti¬ 
gen V. 

Source: Isolated by Dr. McNee from a 
case of food poisoning in man, France, 
1919. 

Habitat: Natural ho.st the pigeon, and 
may infect other animals, including man. 

5. Salmonella sp. (Type Koln). (*Sa/- 
monella kOln Sievers, Cent. f. Bakt., I 
Abt., Orig., 150, 1943 , 52; Salmonella 
coeln Kauffmann, Acta Path, et Micro¬ 
biol. Scand., Suppl. 54, 1944 , 33.) 

Antigenic structure: IV, V, XII: y: 
1, 2, 3 . . . 

Source; A single culture isolated from 
a human case of enteritis. 

Habitat: Not reported from other 
sources as yet. 

6. Salmonella sp. (Type Stanley). 
(Bacillus paratyphosus B, Stanley type, 
Schtitze, Lancet, 1, 1920, 93; Salmonella 
stanleyi Haupt, Ergebnisse d. Hyg., 13, 
1932, 673; Salmonella Stanley type, 
White, Med. Res. Council, Spec. Rept. 
Ser. 103, 1926, 19; Salmonella Stanley 
Warren and Scott, Jour. Hyg., 29, 1929, 
415; Typus Stanley, Kauffmann, Ztschr. 
Hyg., Ill, 1930, 210.) 

Antigenic structure: IV, V, XII: d: 

1 , 2 ... 

Source: Isolated from cases of human 
food poisoning in Stanley, England by 
Hutchens (1917). 
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Habitat: Not known as a natural 
pathogen of animals. 

7. Salmonella sp. (Type Heidelberg). 
{Bacleriinn enteriiidis, Typus Heidel¬ 
berg, Habs, Cent. f. Bakt., I Abt., Grig., 
130, 1933, 367; Salmonella heidelberg 
Schutze et al., Jour. Hyg., 34. 19.^, 3J0.) 

Antigenic structure: IV, V, XII: r: 
1,2,3. . . 

Source: Isolated from cases of human 
food poisoning in Heidelberg, Germany. 

Habitat: Not known as a natural 
pathogen of animals. 

8. Salmonella sp. (Type Chester). 
{Salmonella Chester Kauffmann and Tes- 
dal, Ztschr. f. Hyg., 120, 1937, 168.) 

Antigenic structure: IV, (VI, XII: e, 
h. e, n, X . . . 

Source: Isolated by W. H. Grace, 
Chester, England, from gastroenteritis 
in man. Typed by Kauffmann and Tes- 
dal {loc. cii.). 

Habitat: Has usually been found in 
human feces. 

9. Salmonella sp. (Type San Diego). 
[Salmonella san diego Kauffmann, Acta 

Path, et Microbiol. Scand., 17,1940,429.) 

Antigenic structure: IV, [VI, XII: e, 
h: e, n, z, 5 . . . 

Source; Originally isolated from cul¬ 
tures sent to Dr. Kauffmann by Dr. K. F. 
Meyer who obtained them from an out¬ 
break of food poisoning near San Diego, 
California. Also reported from Den¬ 
mark, Uruguay and Kentucky. 

Habitat: Usually has been isolated 
from human feces, but has been found 
in birds and other animals. 

10. Salmonella sp. (Type Salinas). 
[Salmonella salinatis Edwards and 
Bruner, Jour. Bact., 44, 1942,289.) 

Antigenic structure: IV, XII: d, e, h: 
d, e, n, Zis. . . 

By cultivation in semi-solid agar con¬ 
taining agglutinating serum for Sal. 


monclla iyphosa, an organism having the 
antigenic formula for Salmonella sp. 
(Type San Diego) was isolated. 

Source: From rat feces collected by 
Dr. Henry Welch near Salinas, Cali¬ 
fornia. 

Habitat: Also found in normal human 
carriers. 

11. Salmonella sp. (Type Saint Paul). 
[Salmonella saint paid Edwards and 
Bruner, Jour. Inf. Dis., 66, 1940, 220.) 

Antigenic structure: I, IV, V, XII: e, 
h: 1, 2, 3 . . . 

Source: A single culture isolated from 
the liver of a turkey poult by Dr. B. S. 
Pomeroy, St. Paul, Minnesota. Two 
cases in man. 

Habitat: Also reported from hogs. 

11a. Salmonella sp. (Type Zagreb). 
[Salmonella zagreb Kauffmann, Acta 
Path, et Microbiol. Scand., 17, 1940, 
351.) 

Antigenic structure; IV, V, XII e, h: 

I, 2.... This is a minor type of No. 11- 
Source: Culture received by Dr. 

Kauffmann under the label S. reading 
from Dr. N. Cernozubov of Zagreb, 
Jugoslavia. 

Habitat: Not reported from other 
sources as yet. 

12. Salmonella sp. (Type Reading)- 
[Bacillus paratyphosus B, Reading type* 
Schutze, Lancet, 1, 1920, 93; Salmonella 
reading Schutze, Brit. Jour. Exp. Path., 

II, 1930,34; Typus Reading. Kauffmann, 
Zentbl. f. d. ges. Hyg., 25, 1931, 273, 
Salmonella readingensis Haupt, Ergeb- 
nisse d. Hyg., IS, 1932,673.) 

Antigenic structure: IV, XII; e, h. 

1 ^ • 

Source: Isolated from the Reading, 
England water supply by Dr. H. Schfltze. 
Also found in hogs (Edwards and Bruner, 
Jour. Inf. Dis., 72, 1943 , 64). 

Habitat: A cause of gastroenteritis 

in man. 
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12a. Salmonella sp. (Type Kaposvar). 
{Salmonella kaposvar Iljtuss^ Cent. f. 
Bakt., I Abt., Orig , 147, PJ-U, 253; also 
see Kauffmann, Die Bakterlologie dor 
Salmonella-Gruppe, Kopenhagen, 1941, 
212 .) 

Antigenic structure: IV, V, XII: e, 
(h) 1, 5. . . .This is a minor type of 
No. 12. 

Source; From the feces of three mem- 
bers of a family suffering from gastro¬ 
enteritis. 

Habitat: Not reported from other 
sources as yet. 

13. Salmonella sp. (Type Kaapstad). 
{Salmonella reading var. kaapslad Hen¬ 
ning, Rhodes and Gordon-Johnstone, 
Onderstepoort Jour. Vet. Sci. Animal 
Ind., 16, 1941, 103; Salmonella kaapstad 
Kauffmann, Acta Path, ct Microbiol. 
Scand., 19, 1942, 523.) 

Antigenic structure: IV, XII; e, h: 
1 , 7 . . ■ • 

Source: From a child with meningitis. 
Habitat; Not known from other 
sources as yet. 

14. Salmonella sp. (Type Derby). {Ba¬ 
cillus enieritidis Peckham, Jour. Hyg., 

1923, 09; Derby type, Savage and 
White, Med. Res. Council Spec. Rept. 
Ser. 91, 1925, 19; Salmonella derby War¬ 
ren and Scott, Jour. Hyg., B9, 1929, 415; 
Salmonella derbyensis Haupt, Ergebnissc 
d. Hyg., IS, 1932, 673.) 

Antigenic structure: (I), IV, XII: 

f, 

Source: Isolated from tank w'ater at 
Derby, England. 

Habitat: Widely distributed. Found 
in human feces, lymph glands of hogs, 
chickens, etc. 

15. Salmonella sp. (Type Essen). 
(Salmonella essen ITS Hohn and Herr¬ 
mann, Cent. f. Bakt., I Abt., Orig., IS5, 
1936, 505.) 

Antigenic structure: IV, XII; g, m:'—. 


Source: Isolated from the feces of an 
infant, Essen, Germany. 

Habitat; Known only from human 
sources. 

16. Salmonella sp. (Typo Budapest). 
{Salmonella budapest Rauss, Ztschr. f. 
Immunitatsf., 95, 1929, 489.) 

Antigenic structure: I, IV, XII: g, 
t:—. 

Source: Originally isolated in Buda¬ 
pest from 3 normal persons and from 3 
persons with enteric fever. 

Habitat: Known only from human 
sources. 

17. Salmonella sp. (Type California). 
{Salmonella California Edwards, Bruner 
and Hinshaw, Jour. Inf. Dis., 66, 1940, 
127; Hinshaw, Hilgardia, 13, 1941, 583.) 

Antigenic structure: IV, XII, g, m, 
t;—. 

Source; Six cultures isolated from in¬ 
fected turkey poults from California. 
The seventh culture was isolated from a 
turkey in a second outbreak of the infec¬ 
tion. Reported by Pomeroy and Fen- 
stermacher (Jour. Amer. Vet. Med. 
Assoc., 94, 1936, 90). Also found in 
hogs and man (Edwards and Bruner, 
Jour. Inf. Dis., 7B, 1943, 64). 

Habitat: .Also reported from chickens 
and ducks. Widely distributed. 

18. Salmonella sp. (Type Branden¬ 

burg). (Typus-Brandenburg, Kauff¬ 
mann and Mitsui, Ztschr. f. Hyg., Ill, 
1930, 740; Kauffmann, Zentbl. f. d. ges. 
Hyg., B5, 1931, 273; Salmonella branden- 
burgensis Haupt, Ergebnissc d. Hyg., 13, 
1932, 673; Salmonella brandenburg 

Schutze et al.. Jour. Hyg., 34, 1934, 540.) 

Antigenic structure: IV, XII: I, v: 
e, n, zu. . . . See Kauffmann, Ztschr. f. 
Hyg., 118, 1936 , 540. 

Source: Isolated from a case of gastro¬ 
enteritis at the Virchow Hospital of, 
Berlin. 
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Habitat: Known only from human 
sources. 

19. Salmonella sp. (Type Bispebjerg). 
{Salmonella bispebjerg Typus, KaufT- 
mann, Ztschr. f. Hyg., 118, 1936, 540.) 

Antigenic structure: I, IV, XII: a: 
e, n, X- 

Source: Isolated from a case of gastro¬ 
enteritis at the Bispebjerg Hospital in 
Copenhagen. 

Habitat: Not reported from other 
sources as yet. 

20. Salmonella abortivoequina (Good 
and Corbett) Bergey et al. {Bacillus 
aborlivus cquinus Good and Corbett, 
Jour. Inf. Dis., 13, 1913, 53; Bacillus 
abortus equi Meyer and Boerner, Jour. 
Med. Res., 29, 1913, 330; Bacillus abor- 
tivo-equinus Good and Corbett, Jour. 
Inf. Dis., 18, 1916, 586; Bacillus abortus 
equinus Weiss and Rice, Jour. Med. 
Res., 35, 1907 , 403; Bacillus abortivus 
Winslow, Kliglcr and Rothberg, Jour. 
Bact., 4i 1919, 177; Bacillus aborlus-equi 
Holland, Jour. Bact., 5, 1929, 216; Bac¬ 
terium abortum-equi Holland, ibid.; Ber¬ 
gey et al., Manual. 1st cd., 1923, 217; 
Bacillus enteriiidis B, Typ. equinus 
Januschke, Ztschr. f. Infektionskr. d. 
Haustiere, 29, 1924, 182; Salmonella 
abortus-equi Bergey et al., Manual, 2nd 
ed., 1925, 236.) From Latin, aborting 
and equine. 

Antigenic structure: IV, XII: —: e, 

u, X. . . . 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cit.). 

Source: Isolated from afterbirth of 
mares that had aborted. 

Habitat: A natural pathogen of mares, 
causing abortion. Infectious for guinea 
pigs, rabbits, goats, cows, producing 
abortion. 

21. SalmoneUa sp. (Type Arechava- 
leta). {Salmonella arechavaleta Hor- 
maeche and Peluffo, quoted from Hor- 
maeche et al., Jour. Bact., 47 , 1944,323.) 


Named in honor of Prof. Arechavaleta 
of Uruguay. 

Antigenic structure: IV, [V], XII: a: 

1 M 

X I ^ • 

Source: From a human case of gastro¬ 
enteritis. Also found by Dr. P. R. 
Edwards among cultures sent to him 
from the Canal Zone for identification. 

Habitat: Known only from human 
sources. 


22. Salmonella abortusovis (Lovell) 
Schutze et al. {Bacillus paratyphi 
abortus oi'is Schermer and Ehrlich, Cent, 
f. Bakt., I Abt., Ref., 73, 1922, 252; Ba¬ 
cillus enteriiidis C, Typ. oyis Januschke, 
Ztsch. f. Infektionskr. d. Haustiere, 27, 
1924, 182: Bacteriinn abortus ovis Lovell, 
Jour. Path, and Bact., S4, 1931, 13; 
Typus-Abortus ovis, Kaufi'mann, Zent- 
Ibl. f. d.gcs.Hyg.,25, 1931 , 273; Schiitze 
et al.. Jour. Hyg., 34, 1934, 340.) 

Antigenic structure: IV, XII: c: 1, 

6 . . . . 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cit.). 

Source: Isolated from cases of abortion 
in sheep. 

Habitat: Not known to infect any 
other animal. 


3. Salmonella sp. (Type Altendorf). 
Imonella altendorf Hohn, Cent, f- 
ct., I Abt*., Grig.,1940,218.) 

t W A. 1 


Source: Isolated from a case of acute 
gastroenteritis from Altendorf, Ger¬ 


many . 

Habitat: Not reported from other 
sources as yet. 


24. Salmonella sp. (Type Texas)- 
{Salmonella lexas Watt, De Capito an 
Moran, U. S. Public Health Repts., O'-- 
1947, 808.) 

Antigenic structure: IV, V, XIL k- 

n, . ♦ . iVfttt 

Source: Isolated by Dr. James 
from the feces of a boy convalescing 

diarrhoea. 
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Habitat: Not reported from other 
sources as yet. 

25. Salmonella abortusbovis Kauff- 
mann. {Kauffmann, Ztschr. f. Hyg., 
ISO, 1937, 19-1.) 

Antigenic structure: [II, IV, XXVII, 
XII: b: e, n, X. . . . 

Liquefies gelatin (Kauffmann, Ztschr. 
f. Hyg., 117, 193G, 778). 

Source: Isolated and incompletely 
typed by H. Bernard, Ztschr. f. Hyg., 
117, 1935, 352. 

Habitat: Normally found in cattle, 
causing abortion. Occasionally occurs 
in man. 

26. Salmonella sp. (Type Bredeney). 
{Salmonella bredeney Kauffmann, Ztschr. 
f. Hyg., 119, 1937, 356.) 

Antigenic structure: I, IV, [XXVII], 
XII: 1, V: 1, 7. . . . 

Source: Found by Hohn and Herr¬ 
mann in Bredeney. Germany. Typed 
by Kauffmann (loc. cii.). From cases 
of human gastroenteritis and an abscess 
of lower jaw. 

Habitat: Isolated from human sources. 
Also found in normal hogs and chickens. 

27. Salmonella sp. (Type Scblciss- 
heim). (Salmonella schleissheim Kauff¬ 
mann and Tcsdal, Ztschr. f. Hyg., ISO, 
1937, 171.) 

Antigenic structure: IV, XXVII, XII: 
b, z,2; —. 

Liquefies gelatin (Kauffmann and 
Tesdal, loc. cil.). 

Source: Isolated by Hopfengartner 
(MOnchener tierarz. Wchnschr., /, 1929, 
185) in Schloissheim. From cattle. 
Typed by Kauffmann and Tesdal (loc. 
cil.). Also found by Tillmanns in the 
liver of a horse (Ztschr. f. Fleisch. u. 
Milch Hyg., 50, 1940, 109). Caused an 
outbreak of gastroenteritis in 30 persons 
(Kauffmann, Acta Path, et Microbiol. 
Scand., 17, 1940, 1). 

Habitat: Apparently widely dis¬ 
tributed. 

28. Salmonella sp. (Type Schwarzen- 


grund). (Salmonella schwarzengrund 
Kauffmann, Acta Path, et Microbiol. 
Scand., Suppl. 44, 1944, 34.) 

.\ntigenic structure: I, IV, XXVII, 
XII: d: 1,7. 

Source: A single culture isolated by 
Dr. J. Hohn from a human case of en¬ 
teritis that occurred in Schwarzengrund, 
near Breslau, Germany. 

Habitat: Not reported from other 
sources as yet. 

29. Salmonella hirschfeldii Weldin. 
(Bacillus paralyphosus Weil, Wien, 
klin. Wchnschr., SO, 1917, 1001; Bacillus 
erzinjan Neukirch, Ztschr. f. Hyg., 85, 
1918, 103; Paratyphoid C bacillus, 
Hirschfcld, Lancet, 1, 1919, 296; “Para* 
C", Mackie and Bowen, Jour. Roy. 
Army Med. Corps, 33, 1919,154; Bacillus 
paralyphosus C Andrewes and Neave, 
Brit. Jour. Exp. Path., S, 1921, 157; 
Paratyphus Ni, Iwaschenzoff, Arch. f. 
Schiffs- u. Trop. Hyg., SO, 1926,1; Weldin, 
Iowa Sta. Coll. Jour. Sci., 1, 1927, 161; 
Bacterium /jfr^cA/eWu Weldin, ibid., 161; 
Typus-Orient, Kauffmann, Zbl. f. d. 
ges. Hyg,, 25, 1931, 273; Salmonella 
paratyphi C Casteliani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 939; 
Salmonella paralyphosus C Casteliani 
and Chalmers, ibid., 952.) Named for 
Hirschfcld who worked with this 
organism. 

Rods; 0.3 to 0.5 by 1.0 to 2.5 microns, 
occurring singly. Motile with peritri- 
chous flagella. Gram-negative. 

Gelatin colonics: Grayish, smooth, 
flat, glistening, margin irregular. 

Gelatin stab: Flat, grayish surface 
growth. No liquefaction. 

Agar colonics: Grayish, moist, smooth, 
translucent. 

Broth: Turbid. 

Litmus milk: Slightly acid, becoming 
alkaline. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
maltose, arabinose, xylose, dextrin, 
trehalose, mannitol, dulcitol and sor¬ 
bitol. No action on lactose, sucrose, 
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salicin, adonitol or inositol. Rarely 
may fail to form gas from sugars (Xabili. 
■lour. Hyg., 19-il> 39). 

Reduces triinothylamine oxide (Wood 
and Baird, loc. cit.). 

Hydrogen sulfide produced. 

Optimum temperature 37°C. 

Aerobic, facultative. 

Antigenic structure: V’l, VII, [Vij: 

c: 1, 0 . . . . 

Source; Isolated from cases of enteric 
fever in man. 

Habitat: A natural pathogen of man 
causing enteric fever. 

30. Salmonella choleraesuis (Smith) 
Weldin. (Probably not the Bacillus of 
swine plague, Klein, Report of the Medi¬ 
cal Officer of the Local Gov. Bd., Eng¬ 
land, 1877-78, Supplement, p. 168; Bac¬ 
terium of swine plague, Salmon, U. S. 
Dept. Agr. Bur. An. Ind. Ann. Rep., 
1885, 212; Bacterium of hog cholera, 
Salmon, ibid., 1886 , 20; Bakterium der 
Schweinepest, Selander, Cent. f. Bakt., 
3, 1888, 361; Pasteurella salmoni Trevi- 
san, I generi e le specie delle Batteriacce, 
1889 , 21; Bacterium cholerae suis Th. 
Smith, U. S. Dept. Agr. Bur. An. Ind., 
Bull. 6, 1894, 9; Swine-feverbacillus, 
Klein, Cent. f. Bakt., I Abt., 18, 1895, 
105; Bacillus suipestifer Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 
1896 , 401; Bacterium cholerae suum 
Lehmann and Neumann, Bakt. Diag., 
1 Aufi., 2, 1896, 233; Bacterium suipesti¬ 
fer Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 70; Bacillus cholerae 
suum Migula, Syst. d. Bakt., 2, 1900, 
759; Le microbe du hog-cholera, Lig- 
nieres, Bull. Soc. Cent. M^d. Vet., see 
Rec. de m4d. v^t., Paris, S6r. 8, 7, 1900, 
389; Bacillus salmoni Chester, Manual 
Determ. Bact., 1901, 210; Bacterium 
intestinale suis Le Blaye and Guggen¬ 
heim, Manuel Pratique de Diagnostic 
Bacteriologique, 1914; Bacillus suis 
Krumwiede, Kohn and Valentine, Jour. 
Med. Res., 38, 1918 , 89; Bactenum 
(Salmonella) cholera mis Buchanan 
Jour. Bact., S. 1918, 53; Salmonella 


suipeslifer Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 939; 
Bacillus choleraesuis Winslow, Kligler 
and Rothberg, Jour. Bact., 4. 1919, 476; 
Bacterium choleraesuis Holland, Jour. 
Bact., 5, 1920, 217; Bacillus paratijpho- 
sus B (Arkansas type), Schiitze, Lancet, 
2, 1920, 93; included in Group I suipesti¬ 
fer, Andrewes and Neavc, Brit. Jour. 
Exp. Path., 2, 1921, 157; Weldin, Iowa 
Sta. Coll. Jour. Sci., 1, 1927, 155; Ty- 
pus suipestifer Amorika, KaulTmann,Zbl. 
f. d. ges. Hyg.. 25, 1931, 273; the Ameri¬ 
can Salmonella suipestifer of many 
authors.) From Latin, hog cholera. 

Salmonella choleraesuis (Smith) Wel¬ 
din is the type species of the genus Sal¬ 
monella. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly. Motile with four to 
five pcritrichous flagella. Gram-nega¬ 
tive. 

Gelatin colonies: Grayish, smooth, 
flat, glistening; margin irregular. 

Gelatin stab: Flat, grayish surface 
growth. No liquefaction. 

Agar colonies: Grayish, moist, smooth, 
translucent. 

Agar slant: Grayish, moist, smoot , 

translucent growth. 

Broth: Turbid, with thin pellicle and 

grayish-white sediment. 

Litmus milk: Slightly acid, becoming 
alkaline, opalescent, translucent to ye 
lowish-gray. 

Potato: Grayish-white streak becom 
ing brownish. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, xylose, nia toae, 
glycerol, mannitol, dulcitol, rhanmos » 
sorbitol and dextrin. Arabinose, lO®® 
tol, lactose, sucrose, salicin, 
raffinose and trehalose not attac e • 

Reduces trimethylamine o.xide ( 
and Baird, loc. cit.). 

Hydrogen sulfide not produced. 

Optimum temperature 37°C. 

.\erobic, facultative. ^ t 

I'ff- c; *» 

-Mitigenic structure: vl, ' 
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5 . . . Serologically identical with Sal¬ 
monella tijphisuis, and cross-aggluti- 
nates to a varying degree with a number 
of other serotypes. 

Habitat and source: Natural host the 
pig as an important secondary invader 
in the virus disease, hog cholera. Does 
not occur as a natural pathogen in other 
animals, although lethal for mice and 
rabbits on subcutaneous injection. Oc¬ 
casionally gives rise to acute gastro¬ 
enteritis and enteric fever in man. 

30a. Salmonella choleraesuis var. Kun- 
zendorf Schutze et al. 

The synonyms up to and including 
Weldin, 1927 for Salmonella choleraesuis 
apply equally well to the var. Kunzen- 
dorf, for these were not separated with 
certainty until 1926 (White, Mod. lies. 
Council, London, Spec. Hep. Ser. 103, 
27). Re-e.xamined serologically a num¬ 
ber of previously described strains agree 
with this variety. (Paratyphus C Ba 
cillus, Heimann, Cent. f. Bakt., I Abt. 
Orig., 66, 1912, 211; Paratyphosus C 
Weil and Saxl, Wien. klin. Wehnschr. 
SO, 1917, 519; Typus-suipestifor Kun 
zendorf, Pfeiler, Ztsehr. f. Infektskr. d 
Ilaust., SO, 1920, 218; Bacillus para 
typhosus B, G. type, Schutze, Lancet, / 
1920, 93; Bacillus paralyphosus C, Dud 
gcon and Urquart, Lancet, 2, 1920, 15 
included in Group II suiposlifer, An 
drewes and Noave, Brit. Jour. E.\p 
Path.,;?, 1921, 157 and Group Vof Hecht 
Johansen, Copenhagen, 192S; Salmonella 
suipestifer (European variety) Schutze, 
Brit. Jour. Exp. Path., U, 1930 34; 
Typus-suipestifer Kunzendorf, Kaiiff- 
inann, Zbl. f. d. gen. Hyg., 25, 1931, 273; 
Salmonella choleraesuis var. kunzen¬ 
dorf Schutze et al., Jour. Hyg., S4, 19:41, 
3-11; the European Salmonella suipestifer 
of many authors.) 

Indistinguishable from Salmonella 
choleraesuis in morphology and cultural 
characters, except that the Kunzendorf 
variety forms hydrogen sulfide. 

Antigenic structure: VI. V II: [cl, 1,5. 
Differs^from jSafwonelfa choleraesuis in 


lacking the specific flagellar phase; 
serologically identical with Salmonella 
typhisuis var. voldagsen. 

Source; From pigs witli swine fever 
and once from a monkey in captivity. 

Habitat: Causes acute gastro enteritis 
and enteric fever in man. Also found 
in cattle, sheep, carnivora and chickens. 

31. Salmonella typhisuis (Glasser) 
Schutze et al. {Bacillus typhisuis Glas¬ 
ser, Deutsche tierarztl. Wehnschr., 17, 
1909, 513; included in the Ferkeltyphus 
bacilli of German literature, Dammann 
and Stedefeder, Arch. f. wiss. u. prakt. 
Tierheilk., 36, 1910, 432; Bacillus 

glasser Neukirch, Ztschr. f. Hyg., 85, 
1918, 103; Bacterium typhisuis Holland, 
Jour. Bact., 5, 1920, 221; included in 
Group I suipestifer, Andrewes and 
Neave, Brit. Jour. Exp. Path., 2, 1921, 
157; Typus-GI^ser, KaufTmann, Zbl. 
f. d. ges. Hyg., 25, 1931, 273; Schutze et 
al.. Jour. Hyg., 34, 1934 , 3-12.) From 
Greek, typhus and Latin, pig. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly. Motile with four to 
five peritrichous flagella. Gram-nega¬ 
tive. 

Gelatin colonies: Grayish, smooth, 
flat, glistening, edge entire. No lique¬ 
faction. 

Agar colonies: Grayish, moist, smooth, 
translucent. 

Broth: Turbid. 

Litmus milk: Slightly acid or neutral. 

Indole not formed. 

Nitrites produced from nitrates. 

Forms gas slowly and sparsely from all 
substances. Growth poor on all or¬ 
dinary media. 

Acid from arabinosc, xylose and tre¬ 
halose. Delayed or variable fermenta¬ 
tion from dextrin, maltose, rhamnose, 
dulcitol, sorbitol. Mannitol not fer¬ 
mented or very slowly. Inositol not 
fermented. 

No HjS produced. 

Optimum temperature 37®C. 

.\erobic, facultative. 

Antigenic structure: Identical with 
Salmonella choleraesuis, from which the 
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organism dilTcrs in respect to arabinosc 
and trehalose. Antigenic structure VI, 
^’II; c: 1. o. . . . 

Habitat: Infects only the pig. 

31a. Salmonella tt/phisuis var. vol- 
dagsen Schulze ct al. (Included in 
Ferkoltyphus bacilli, Dammann and 
Stedefeder, Arch. f. wiss. u. prakt. 
Tierhcilk., 36, 1910, ‘132; Bacillus vol- 
dagsen Xeukirch, Ztschr. f. Ilyg., 85, 
1918, 103; included in Group II suipesli- 
fer, Andreues and Xeave, Bril. Jour. 
Exp. Path., 2, 1921, 157; Typus-voldag- 
sen, KautTmaiin, Zbl. f. d. ges. Hyg., 
26, 1931, 273; Salmonella lyphisuis var. 
voldagscn, Schutze et al.. Jour. Hvg., 34, 
1934, 342.) 

Morphology and cultural characters 
identical with those of Salmonella 
lyphisuis. 

Antigenic structure: VI, VII; [cj: 1, 
5. . . . Identical with that of Salmonella 
choleraesuis var. Kunzendorf from which 
species the organism differs culturally. 
Habitat: Infects only the pig. 

32. Salmonella sp. (Type Thompson). 
(Thompson type of Salmonella, Scott, 
Jour. Hyg., 26, 1925, 398; Typus-Thomp- 
son-Berlin, Kauffmann, Zbl. f. d. ges. 
Hyg., 26, 1931, 273; Salmonella thompson 
Schutze et al., Jour. Ilyg., 34, 19^4, ^43.) 
N^amcd after the family involved in the 
outbreak. 

Antigenic structure, VI, VII: k: 
1,5. . . . 

Source: Isolated from food poisoning 
in man. Also found in chickens and 
turkeys (Edwards and Bruner, Jour. Inf. 
Dis., 72, 1943, 64). 

Habitat: Widely distributed in warm¬ 
blooded animals. 

32a. Salmonella sp. (Type Berlin) 
(Type Thompson). (Typus-Berlin, 
Kauffmann, Cent. f. Bakt., I Abt., Ref., 
94 , 1929, 282; Typus C Berlin, Boecker 
and Kauffmann, Cent. f. Bakt., I Abt., 
Orig., ne, 1930. 468; Typus-Thompson- 
Berlin, Kauffmann, Zbl. f. d. ges. Hyg., 


25, 1931, 273; Salmonella Ihompson var. 
berlin Schutze et al., Jour. Hyg., 84, 
1934 , 343.) 

.Vntigenic structure: VI, VH: (k): 1, 
5. . . . 

Source: Isolated from food poisoning 
in man. Xot known to be a natural 
pathogen of animals. 

Habitat: .V natural pathogen of man 
causing foo^l poisoning. 

33. Salmonella sp. (Type Montevideo). 
{Salmonella monlevideo Hormaeche and 
PelulTo, Arch. Urug. de Med., Cirug. y 
Espec., 9, 1936, 673.) 

Antigenic structure: VI, VII: g. ni, 
s: —. 

Source: Originally isolated from hu¬ 
man sources in Montevideo from an ape 
that died of an enterocolitis, and mesen¬ 
teric glands of healthy hogs; also re¬ 
ported from chickens and powdered 
eggs (Schneider, Food Research, //. 

1946, 313). 

Habitat: Apparently widely dis¬ 
tributed. 

4 

34. Salmonella sp. (Type Oranien- 
burg). (Typus-Oranienburg, Kauff* 
mann, Ztschr. f. Hyg., Ill, 1930, 223, 
Salmonella oranieyiburgensis Haupti 

Ergebnisse der Hyg., 13, 1932, 673, 
Salmonella oranienburg Schutze et ah, 
Jour. Hyg., 84, 1934 , 343.) 

Antigenic structure: VI, VHI: m, t: —• 
Source: From the feces of a child in a 
children’s home near Oranienburg. La¬ 
ter isolated from gastroenteritis in man. 
.Also from quail, chickens and powderet 

eggs (Schneider, loc. cfh). 

Habitat; Reported from human 
sources, from hogs and from birds. 

35. Salmonella sp. (Tji)® Vircho^')* 

(Typus-Virchow, Kauffmann, Ztschr. 
Hyg., Ill, 1930, 221; Salmonella vif- 
chovni Haupt, Ergebnisse der Hyg * ’ 

1932, 673; Salmonella virchow Schiitze e 

ah, Jour. Hyg., 34, 1934, 343 .) ^ 

Antigenic structure: VI, AH- 
2,3. .. . 
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Source: Isolated from food poisoning 
in a man at the Rudolf Virchow Hospital 
in Berlin. 

Habitat: A natural pathogen of man 
causing food poisoning. 

3G. Salmonellasp. (Type Oslo). {Sal¬ 
monella oslo Tesdal. Ztschr. f. Hyg., 119, 
1937,451.) 

Antigenic structure: VI, VII: a: e, 
n, X. . . . 

Source: Isolated in Oslo, Norway from 
cases of gastroenteritis in man. 

Habitat: Not reported from other 
sources as yet. 

37. Salmonella sp. (Type Amersfoort). 
{Salmonella amersfoort Henning, Jour. 
Hyg., S7, 1937,561.) 

Antigenic structure: VI, VII: d: e, 

n, X.. . . 

Source: Originally isolated from 
chickens from Amersfoort, Transvaal. 
Later found in a human mixed infection 
with Salmonella tijphi murfum. 

Habitat: Not reported from other 
sources as yet. 

38. Salmonella sp. (Type Braenderup). 
{Salmondla braenderup Kauffmann and 
Henningsen, Ztschr. f. Hyg., 120, 1937, 
640.) 

Antigenic structure: VI, VII: e, h: 
c, n, » • • 

Source: Isolated from a case of human 
gastroenteritis in Braenderup, Denmark. 
Also from a cat in the same home that 
had died from a diarrhoea. Reported 
later from So. Africa (see Kauffmann, 
Die Baktcriologie der Salraonella- 
Gruppe, Kopenhagen, 1941, 237). 

Habitat: Apparently widely dis¬ 
tributed. 

39. Salmonella sp. (Type Potsdam). 
(Typus-Potsdam, KauUmann and 
Mitsui, Ztschr. f. Hyg., Ill, 1930, 740; 
Salmonella potedamensie Haupt, Ergeb- 
uisse der Hyg., IS, 1932, 673; Salmonella 


polsdam Schutze et al., Jour. Hyg., 5 J^, 
1934, 343.) 

Antigenic structure; VI, VII: 1, v: 

A, • 

Source: Isolated from food poisoning 
in man at Potsdam, Germany. 

Habitat: A natural pathogen of man 
causing food poisoning. 

40. Salmonella sp. (Type Bareilly). 
{Salmonella, Type Bareilly, Bridges and 
Scott, Jour. Roy. Army Med. Corps. 56, 
1931, 241; Salmonella hareUlij Schutze 
et al., Jour. Hyg., 54, 1934 . 343.) 

Antigenic structure: VI, VII: y: 1, 
5. . . . 

Source: Isolated in 1928 from cases of 
mild enteric fever that occurred in 
Bareilly, India. Also reported from 
chickens (Kauffmann, Die Baktcriologie 
der Salmonella-Gruppe, Kopenhagen, 
1942, 235). 

Habitat: A natural pathogen of man 
causing gastroenteritis and enteric fever. 
Widely distributed in fowls. 

41. Salmonella sp. (Type Hartford). 
{Salmonella Hartford Edwards and 
Bruner, Jour. Inf. Dis., 69, 1941, 223.) 

Antigenic structure: VI, VII: y: 
©j x« « • . 

Source: One culture isolated from the 
stool of a man with persistent diarrhoea 
by Dr. E. K. Borman, Hartford, Conn. 

Habitat: Not reported from other 
sources as yet. 

42. Salmonella sp. (Type Mikaw’a- 
sima*). {Salmonella bareilly var. mika- 
wasima Hatta, Japan Jour. Exper. 
Med., 16, 1938, 201; Salmonella mikawa- 
eima Hormaeche, quoted from Schutze 
et al., Proc. 3rd Internal. Cong. Mi¬ 
crobiol., 1940, 337; also see Kauffmann, 
Acta Path, et Microbiol. Scand., 18, 1939, 
347 and ibid., 17, 1940, 429.) 

Antigenic structures: VI, VII: y: 

©I A) Zift* • « ■ 

•Correct spelling according to Prof. 
Kojima. 




512 


MANUAL OF OKTHUMINATlVK BACTKHIOI.OGY 


Source; Isolated from a rat bv Prof. 
Kojima end Prof. Ilatta, 1937. 

Habitat: Xot reported from other 
sources as yet. 

43. Salmonella sp. (Type Tennessee). 
(Salmonella tennessee Bruner and Ed¬ 
wards. Proc. Soo. Exp. Biol, and Med., 
50, 1942, 174.) 

.\ntigenic structure: VI, VII: z; 9 : —. 
Source: Culture isolated from feces of 
normal carrier by Dr. W. C. Williams, 
State Dept, of Health, Nashville, 
Tennessee. 

Habitat: Also reported from turkeys 
and powdered eggs. 

44. Salmonella sp, (Type Concord). 
(Salmonella var. concord Edwards and 
Hughes, Jour. Bact., 47, 1944, 574.) 

Antigenic structure: VI, VII: 1. v: 

I, 2,3- 

Source: Two cultures isolated by Dr. 

J. R. Beach and one by Dr. C. U. Duck- 
worth from fatal infections in chicks 
(U. S. A.) and one by Dr. Joan Taylor 
from the stool of a person affected with 
gastroenteritis (England). 

Habitat: Also reported from turkeys. 

45. Salmonella sp. (Type Infantis). 
(Salmonella infanlis Wheeler and Bor¬ 
man, Jour. Bact.. 4G, 1943, 4SI.) 

Antigenic structure: VI, VII: r: 1. 
5. . . . 

Source: Isolated at Hartford, Con¬ 
necticut from the blood of an infant. 
Subsequently also from stools. 

Habitat: Not reported from other 
sources as yet. 

46. Salmonella sp. (Type Georgia). 
(Salmonella georgia Morris, Brim and 
Sellers, Amer. Jour. Pub. Health, 34 , 
1944, 1279; Seligmann, Saphra and Was- 
sermann, Amer. Jour. Hvg., 40 , 1944 
227.) 

Antigenic structure: VI, VII; b: 
Source: Isolated by Miss Jane Morris 


from the feces of a 16-year-oId boy dur¬ 
ing routine examination of food handlers, 
State Dept, of Health, .Atlanta, Georgia. 

Habitat: Xot reported from other 
sources as vet. 

to 

47. Salmonella sp. (Type Papua). 
(Salmonella papuana Wilcox, Edwards 
and Coates, Jour. Bact., 4^, 1945, 514.) 

.Antigenic structure; VI, VII: r; 

II, 2j^» « » . 

Source: Isolated by Lt. Goldwasser 
from human feces from Port Moresby in 
Papua, New Guinea. 

Habitat; Xot reported from other 
sources as yet. 

48. Salmonella sp. (Type Richmond). 
(Salmonella richmond Moran and Ed¬ 
wards, Proc. Soc. Exp. Biol, and Med., 
62, 1946, 294.) 

-Antigenic structure: VI, VII: y: E 2, 

3. . . . 

Source: Isolated by Mr. Forest Spindle 
in Richmond, Virginia from the feces of 

a child affected with gastroenteritis. 

Habitat: Isolated as yet from human 
sources only. 

49. Salmonella sp. (Type Cardiff)- 
(Salmonella cardijj Taylor, Edward and 
Edwards. Brit. Med. Jour., 1945, i, 368.) 

Antigenic structure: VI, VII: k: 1. 

10 . ... 

Source: Isolated from human case 0 
gastroenteritis from Cardiff, Wales. 

Habitat; Isolated as yet from human 
sources only. 

50. Salmonella sp. (Type Daytona). 

(Salmonella daytona Moran and 
wards, Proc. Soc. Exp. Biol, and Me 
62, 1946 . 294.) ^ ^ 

Antigenic structure: VI, MI- ’ 

6 . . . . . 

Source: Isolated by Mrs. Mildred a 
ton from human feces from Dajtona. 

Florida. 

Habitat: Not known from othe 
sources as yet. 
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51. Salmonella sp. (Type Newport). 
(Paratyphus 02, Weil and Saxl, Wien, 
klin. Wchnschr., SO, 1917, 519; Bacillus 
paratyphosus B, Newport type, Schlitze, 
Lancet, 1 , 1920, 93; Paratyphus Newport 
Bacillus, Kauffmann, Cent. f. Bakt., I 
Abt., Ref., 94, 1929, 282; Salmonella 
newporl Schiitze, Brit. Jour. Exp. Path., 
Ilf 1930, 34; Salmonella newporlensis 
Haupt, Ergebnisse der Hyg., 13, 1932, 
673.) 

Antigenic structure: VI, VIII: e, h: 
1, 2, 3. . . . 

Source: Isolated from food poisoning 
in man, Newport, England. 

Habitat: Widely distributed in man, 
cattle, hogs, chickens, etc. Also in 
snakes (Hinshaw and McNeil, Amer. 
Jour. Vet. Res., 6, 1945, 264). 

51a. Salmonella sp. (Type Puerto 
Rico) Kauffmann. (Jordan, .\mer. 
Jour. Trop. Dis., 14, 1934 , 27; Kauff¬ 
mann, Cent. f. Bakt., I Abt., Orig., 132, 
1934, 162; SchUtze et al., Jour. Hyg., 34, 
1934, 344.) 

Antigenic structure: VI, VIII: (e, h): 
1,2,3. . . . 

This is regarded as a non-specihc 
variant of Salmonella sp. (Type New¬ 
port) by Schiitze et al. (Proc. 3rd In- 
ternat. Cong. Microbiol., New York, 
1940,833). 

52. Salmonella sp. (Type Pueris). 
{Salmonella pueris Wheeler and Borman, 
Jour. Bact., 4^t 1943, 481.) 

Antigenic structure: VI, VIII: e, h: 

1 , 2 . . . . 

Source: Isolated at Hartford, Con¬ 
necticut from anal swabbings of a 14- 
year-old boy during an attack of gastro¬ 
enteritis complicating measles. 

Habitat: Not reported from other 
sources as yet. 

53. Salmonella sp. (Type Kottbus). 
{Salmonella newporl var. kollbus Kauff¬ 


mann, Cent. f. Bakt., I Abt., Orig., 132, 
1934, 162; Salmonella kollbus Schiitze 
et al., Proc. 3rd Internat. Microbiol. 
Cong., New York, 1940, 834.) 

Antigenic structure: VI, VIII: e, h: 
1,5.... 

Source: From an acute case of gastro¬ 
enteritis in Kottbus, Denmark. 

Habitat: Not reported from other 
sources as yet. 

54. Salmonella sp. (Type Muenchen). 
(Typus MUnchen, Mandelbaum, Cent, 
f. Bakt., I Abt., Ref., 105, 1932, 377; 
Salmonella muenchen Schiitze et al.. 
Jour. Hyg., 34, 1934 , 344.) 

Antigenic structure; VI, VIII; d; 

1 , 2 . . . . 

Source: Isolated from a fatal case of 
enteric fever. 

Habitat; Widely distributed. Re¬ 
ported from man, rabbits, hogs, camels 
and chickens (Kauffmann, Die Bak- 
teriologie der Salmonella Gruppe, 1941, 
244). 

54a. Salmonella sp. (Type Oregon). 
{Salmonella Oregon Edwards and Bruner, 
Amer. Jour. Hyg., 34, 1941, 21.) 

Antigenic structure: VI, VIII: d: 1, 
2, 3. . . . 

Source: Six cultures, one isolated from 
a turkey by Dr. E. M. Dickinson and five 
from the mesenteric glands of apparently 
normal hogs by Dr. H. L. Rubin. This 
is a minor type of No. 54. 

Habitat: Also reported from reptiles, 
chickens and man. Also powdered eggs. 

55. Salmonella sp. (Typo Manhattan). 
{Salmonella mankattan Edwards and 
Bruner, Amer. Jour. Hyg., 34, 1941, 21.) 

Antigenic structure: VI, VIII; d:, 
1, 5. • . . 

Source: Two cultures, one isolated 
from a chicken by Dr. L. D. Bushnell, 
Manhattan, Kansas, and the other from 
a turkey by Dr. W. R. Hinshaw. Also 
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from reptiles, hogs and human sources 
(Edwards and Bruner, Jour. Inf. Dis., 
72, 1942,G4). 

Habitat: Apparently widely dis¬ 
tributed. 

5G. Salmonella sp. (Type Litchfield). 
{Salmonella lilchfield Edwards and Bru¬ 
ner, Jour. Inf. Dis., 66, 1940, 220.) 

Antigenic structure: VI, VIII: 1, v; 
1,2,3. . . . 

Source: Isolated from the liver of a 
young turkey poult from Litchfield, 
Minnesota by Dr. B. S. Pomeroy. Also 
isolated from a case of food poisoning in 
man by Miss Georgia Cooper. 

Habitat: Not reported from any other 
source, as yet. 

57. Salmonella morbificans (Migula) 
Haupt. {Bacillus bovis morbijicans Huse- 
nau. Arch. f. llyg.,20,1894,257; Bacillus 
mor6?^can5 bovis Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 189G, 380; 
Bacterium morbificans bovis Chester, 
Ann. Kept. Del. Col. Agr. E.\p. Sta., 9, 
1897, 70; Bacillus morbificans Migula, 
Syst. d. Bakt., 2, 1900, 747; Flavobac- 
terium morbificans Bergcy et al., Manual, 
3rd ed., 1930, 147; Haupt, Ergebnisse 
der Hyg., 13, 1930, 673; Salmonella 
bovts^morbificans SchQtze et al., Jour. 
Hyg., 34, 1934 , 344.) 

Antigenic structure: VI, VIII: r: 
1) 5. . . . 

Source: Originally isolated from a 
septicemia in a cow. 

Habitat: Also found in rabbits and in 
gastroenteritis in man. 

58. Salmonella sp. (Type Narashino). 
{Salmonella narashino Nakaguro and 
Yamashita, quoted from Kauffmann, 
Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 246.) 

Antigenic structure: VI, VIII: a: o, 

n, X- 

Source: From the blood and feces of a 


person suffering from enteric fever. 
Found in Japan. 

Habitat: Not reported from other 
sources as yet. 

59. Salmonella sp. (TypeBuenosAires). 
{Salmonella 6onarfensisMonteverde, Na¬ 
ture, 149, 1942, 472.) 

.Antigenic structure: VI, VIII: i: 
e, n, X. . . . 

Source: Isolated by Dr. Monteverde, 
Buenos .Vires from a mesenteric gland 
of a normal hog. 

Habitat: Also reported from normal 
human carriers and from cases of gastro¬ 
enteritis. 


60. Salmonella sp. (Type Glostrup). 
{Salmonella gluslrup Kauffmann and 
lleimingsen, Acta Path, et Microb. 
Scand., 16, 1939, 99.) 

Antigenic structure: VI, VIII: Zio: c, 

tl, Z|$« * . . 

Source: Isolated from cases of gastro¬ 
enteritis in a family in Denmark. Also 
affected their dog. Later isolated in 
Jugoslavia and in Palestine. 

Habitat: Evidently widely distributed. 


61. Salmonella sp. (Type Duesseldorf). 
{Salmonella duesseldorf Hohn, Cent, f* 
Bakt., I Abt., Grig., 146 , 1940, 218.) 

Antigenic structure: VI, VIII: Zo 

• 

Source: Isolated from two patients, 
one of whom died. Found in Duessel- 
dorf, Germany, 

Habitat: Not reported from other 
sources as yet. 


62. Salmonella sp. (Type Tallahassee). 
{Salmonella tallahassee Moran and Ed¬ 
wards, Proc. Soc. Exp. Biol, and Med., 
62, 1946, 294.) 

Antigenic structure: VI, VIII: 

Zji.- —. 

Source: Isolated by Mrs. Mildred GaL 
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ton from feces of gastroenteritis patients 
and from normal human carriers, Talla¬ 
hassee, Florida. 

Habitat: Not known from other 

sources. 

63. Salmonella sp. (Type Gatun). 
{Salmonella gatuni Wilco.x and Coates, 
Jour. Bact., 5t, 1946, 561.) 

Antigenic structure: VI, VTII: b: 
e, n, X. . . . 

Source: Isolated from human feces 
from Gatun, Canal Zone. 

Habitat: Not known from other 

sources as yet. 

64. Salmonella sp. (Type Amherst). 
{Salmonella amhersliana Edwards and 
Bruner, Jour. Immunol., 44, 19-12, 319.) 

Antigenic structure: (VTII): 1, v: 1, 

6 . . . . 

Source: Isolated by Dr. H. Van Uoekel 
from one of a group of poults affected 
with a fatal disease. 

Habitat: Not reported from other 

sources as yet. 

65. Salmonella sp. (Type Virginia). 

{Salmonella Virginia Saphra and Sclig- 
mann, Proc. Soc. E.xpcr. Biol, and Med., 
68, 1945, 50.) 

Antigenic structure; (VIII): d: —. 

Source: Isolated by F. Spindle, Rich¬ 
mond, Virginia from the feces of an adult 
person suffering from a diarrhoea. 

Habitat: Not known from other 
sources as yet. 

66. Salmonella typhosa (Zopf) White. 
(Bacillus des Abdominal-Typhus, 
Eberth, Arch. f. path. Anat., 8t, 1880 
and 8S, 1881; Typhus bacillen, Gaffky, 
Mitteil. a. d. kaiscrl. Gesundheitsamte, 
£, 1884, 372; Bacillus typhosus Zopf, Die 
Spaltpilze, 3 Aufl., 1885, 126; not Ba- 
cillus typhosus Klebs, Handbuch d. path. 
Anat., 1880; Bacillus typhi Schroeter, in 
Cohn, Kryptogamen Flora v. Schlesien, 


5, 1886, 165; Bacillus typhi abdominalis 
Fltigge, Die Mikroorganismen, 2 .-Vufl., 
1886, 198; Vibrio typhosus Trevisan, I 
generi e le specie delle Batteriacee, 18S9, 
23; Bacterium typhi Chester, Ann. Uej)t. 
Del. Col. Agr. Exp. Sta., 9, 1897, 73; 
Bacterium lyphosutn Twort, Proc. Hoyal 
Soc., London, 79, B, 1907, 329; Acystia 
typhi Enderlein, Sitzber. Gesell. Naturf. 
Freunde, Berlin, 1917, 517; Bacterium 
{Eberthella) typhi Buchanan, Jour. 
Bact., 3, 1918, 53; Eberthus typhosus 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 936; Eberthella 
typhi Bergey et al., Manual, 1st ed., 
1923, 223; Eberthella typhosa Weldin, 
Iowa State College Jour. Sci., I, 1927, 
170; Salmonella typhi Warren and Scott, 
Jour. Hyg., S9, 1930, 416; White, Jour. 
Ilyg., £9, 1930, 443.) Named from the 
disease, typhoid fever. 

The species name typhosa should be 
used for the typhoid organism when it 
is placed in any genus other than Ba¬ 
cillus in spite of the earlier use of tliis 
species name by Klebs for a different 
organism. There are two reasons for 
this: (a) This appears to be the proper 
course to follow under International 
Rules of Nomenclature (See Art. 54, 
p. 54) and (b) there is less chance for con¬ 
fusion regarding the nature of this or¬ 
ganism among English-speaking persons 
who may carelessly interpret typhi as the 
name of a typhus rather than a typhoid 
bacillus. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly, in pairs, occasionally 
short chains. Motile with pcritrichous 
flagella. Gram-negative. 

Gelatin colonies: Grayish, transparent 
to opaque, with leaf-like surface 
markings. 

Gelatin stab: Thin, white, opalescent 
growth. No liquefaction. 

Agar colonies: Grayish, transparent 
to opaque. 

Agar slant; Whitish-gray, glistening, 
echinulate, entire to undulate growth 
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Broth: Turbid, moderate sediment 
and delicate pellicle in old cultures. 

Litmus milk: Slight, transient acidity, 
followed by a return to neutral or to 
slight alkalinity. 

Potato: Delicate, moist, slightly 
spreading, barely visible growth. 

Acid but no gas from glucose, fructose, 
galactose, .xylose, maltose, raflinose, 
dextrin, glycerol, mannitol and sorbitol. 
No action on lactose, sucrose, inulin, 
rhamnose, inositcl, salicin and usually 
arabinose and dulcitol. 

Reduces trimethylamine oxide {Wood 
and Baird, loc. cU.). 

Indole not formed. 

N’o characteristic odor. 

Nitrites produced from nitrates. 
Hydrogen sulfide produced. 

Aerobic, facultative. 

Optimum temperature 37°C. 

Antigenic structure: IX, XII, IVil: 
—• The somatic antigens are related 
to those of Salmonella cnterilielia and a 
number of other species of Salmonella. 
\ and W forms are present (Felix and 
Pitt, Jour. Path, and Bact., 38, 1934, 
409; Craigie and Brandon, Jour. Path, 
and Bact., 43, 1930 , 233 and 239). 
Craigie and Yen (Canadian Public 
Health Journal, 29, 1938, 448 and 484) 
by the action of selected Vi phages recog¬ 
nize eleven distinct stable types of 
Salmonella lijphosa which have been 
found to be of epidemiological impor¬ 
tance. 

Source: From the human intestine. 
Habitat: The cause of typhoid fever. 
Pathogenic for laboratory animals on 
parenteral injection. Isolated once 
from a chicken by Henning, Onderste- 
poort, So. Africa. 

Note: This species has previously 
been regarded as the type species of the 
genus Eberthella Buchanan {Acystia 
Enderlein, Sitzber. Gesell. Naturf. 
Freunde, Berlin, 1917, 317; Buchanan, 
Jour, Bact., S, 1918, 53; Eberthus Cas- 
tellani and Chalmers. Man. Trop. Med., 


3rd ed., 1919 , 934; Lankoides Castellan! 
and Chalmers, ibid., 938; Wesenbergus 
Castellani and Chalmers, ibid., 940.) 


07. Salmonella enteritidis (Gaertner) 
Castellani and Chalmers. {Bacillus en- 
teritidis Gaertner, Correspond, d. Allge- 
mein. Artzl. Verein Thuringen, 17, 1888, 
573; Klebsiella enteritidis De Toni and 
Trevisan, in Saccardo, Sylloge Fun- 
gorum, 8, 1SS9, 923; Bacterium enteritidis 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, C8; Bacillus gaertner 
Morgan, Brit. Med. Jour., 1, 1905, 1257; 
Castellani and Chalmers, Manual Trop. 
Med., 3rd ed., 1919,930.) Named for the 
disease, enteritis. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly, in pairs and occasion¬ 
ally in short chains. Motile with peri- 
triehous flagella. Gram-negative. 

Gelatin colonies: Circular, gray, trans¬ 
lucent, granular, entire. 

Gelatin stab: Abundant surface 
growth. No liquefaction. 

Agar colonies: Circular, gray, trans¬ 
lucent, moist, smooth, entire. Desko- 
witz and Buchbinder (Jour. Bact., ^9, 
1935, 294) describe a variant that pro¬ 
duces a soluble yellow pigment where 
certain peptone is present in the agar. 
Antigenic structure not determined. 

Agar slant: Grayish-white, opalescent, 
smooth, moist, undulate growth. 

Broth: Turbid, with thin pellicle and 

grayish-white sediment. 

Litmus milk: Slightly acid, becoming 
alkaline, opalescent, translucent to ye ■ 
lowish-gray. 

Potato: Abundant, moist, yellowish- 
brown to brown growth. 

Indole not formed. 


Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinose, xylosCi 
maltose, trehalose, dextrin, glyc®*"® ’ 
mannitol, dulcitol and sorbitol. Noaci 
or gas from lactose, sucrose, io 
siilicin, raflinose, adonitol and inosito 
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Reduces trimethylamine oxide (Wood 
and Baird, loc. cit.). 

Hydrogen sulfide produced. 

No characteristic odor. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Antigenic structure: (I), IX, XII: 
g. m;—. 

Source: First isolated from feces in an 
epidemic of meat poisoning at Franken- 
hausen, Germany. 

Habitat: Widely distributed, occurring 
in man. Also in domestic and wild 
animals, particularly rodents. 

67a. Salmonella enlerilidis var. 
Danysz. (Bahr, Deutsche tierarztl. 
Wchnschr., 1928 , 786 and 1930, 145; 
Typus-Gartner Ratin, Kauffmann, ZbI. 
f. d. gcs. Hyg., S5, 1931, 273; Salmonella 
enieriiidis var. danysz, Schutzc ct al., 
Jour. Hyg., S4, 1934, 345; Salmonella 
danysii Gay ct ai., Agents of Disease and 
Host Resistance, 1935, 650.) 

Differs from Salmonella enlerilidis 
only in its negative action on glycerol in 
Stern's medium. 

Source: Isolated by Danysz in 1900. 
Habitat: A natural pathogen of ro¬ 
dents and man. 

67b. Salmonella enlerilidis var. Chaco. 
(Savino and Menendez, Rev. Inst. Bact., 
6 , 1934 , 347; Kauffmann, Ztschr. f. Hyg., 
117, 1935, 401.) 

Differs from Salmonella enlerilidis in 
its action on dulcitol when tested by the 
method of Bitter, Weigmann and Habs 
(MUnch. med. Wchnschr., 75, 1926, 940.) 

Habitat and source: Isolated from 
cases of fever during the Chaco war, 
South America. 

67c. Salmonella enlerilidis var. Essen. 
(Hohn and Herrmann, Cent. f. Bakt., I 
Abt., Grig., ISS, 1935, 183; iUd., 1S4, 
1935, 277; Kauffmann, Ztschr. f. Hyg., 
117, 1935, 401.) 

Differs from Salmonella enlerilidis 
when tested by the method of Bitter, 
Weigmann and Habs (Mtlnch. med. 


Wchnschr., 75, 1926 , 940), giving a nega¬ 
tive reaction with arabinose and dulcitol. 

Habitat and source: Isolated from 
human gastroenteritis, ducks and duck 
eggs. 

Note: Jansen (Cent. f. Bakt., I Abt., 
Orig., 135, 1935, 421) states that the 
organism named by him Salmonella 
enlerilidis var. Midheim is in reality 
Salmonella enlerilidis var. Essen. 

67d. Salmonella enlerilidis var. Jena. 
(Fournier, Rev. Immunolog., Paris, 6 , 
1940-41, 264.) 

Source: Isolated from purulent pleura! 
fluid. 

Habitat: Not reported from other 
sources as vet. 

68. Salmonella sp. (Type Dublin). 
(Bacillus enlerilidis Pcsch, Cent. f. 
Bakt., I Abt., Orig., 98, 1926, 22; Dublin 
Type, White, Med. Res. Counc., Syst. 
of Bact., 4, 1929, 86 and White, Jour. 
Hyg., 29, 1930, 443; Salmonella duhlin 
Warren and Scott, Jour. Hyg., 29, 1930, 
415; Typus-Dublin-Kiel, Kauffmann, 
Zbl. f. d. ges. Hyg., 25, 1931, 273; Sal^ 
monella enlerilidis var. duhlin Schtitze 
el al., Jour. Hyg., 34, 1934 , 345.) 

Antigenic structure: I, IX, XII: g, 
P:—• 

Source: From meningitis in children 
(Pesch, loc. cil.). Also isolated by Dr. 
J. W. Bigger in Dublin, Eire from a fatal 
fever following a kidney operation. 
Typed by Dr. Bruce White (loc. cil.). 

Habitat: Found in man. A natural 
pathogen of cattle. Widely distributed 
in cattle and fo.xes. 

Two special fermentative types belong 
here: (1) Salmonella duhlin 2 = Sal¬ 
monella duhlin var. accra Kauffmann, 
(2) Salmonella duhlin S = Salmonella 
duhlin var. koeln Kauffmann (Die Bak- 
teriologie der Salmonella-Gruppe, Kop- 
enhagen, 1941, 252). 

69. Salmonella sp. (Type Rostock). 
(Gartner-Poppe Typus, Bahr, Dtsch. 
Tierarzt. Wchnschr., 1930, 145; Typus 



518 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Gartner-Rostock, Kauffmann, Ztschr. 
f. Hyg., Ill, 1930, 221; Salmonella entcri- 
tidis var. rostock Schulze et al., 34, 1934, 
345; Salmonella rostockensis Haupt, 
Ergebnisse der Hyg., IS, 1932, 673.) 

Antigenic structure: I, IX, XII: g, 
p, u:—. 

Source: Originally isolated from cattle 
by Dr. Poppe in Rostock, Germany. 

Habitat: Not known to infect man. 

70. Salmonella sp. (Type Moscow). 
(Paratypus Ci, Weigmann, Cent. f. 
Bakt.. I Abt., Orig., 97, 1925, Beiheft, 
299; Salmonella Type Moscow, Hicks, 
Jour. Hyg., 29, 1929, 446; Salmonella 
moscow Warren and Scott, Jour. Hyg., 
29, 1929, 446; Typus Gartner-Moskow, 
Kauffmann, Ztschr. f. Hyg., Ill, 1930, 
229; Salmonella moscowaensis Haupt, 
Ergebnisse der Hyg., 13, 1932, 673; Sal¬ 
monella enterilidis var. moscow, Schiitze 
et al., 34, 1934 , 345). 

Antigenic structure: IX, XII; g, q:—. 

Source: From patients with enteric 
fever. Isolated in Moscow, Russia. 

Habitat: Infects man, horses, cattle. 

71. Salmonella sp. (Type Blegdam). 
(Salmonella blegdam Kauffmann, Ztschr. 
f. Hyg., 117, 1935, 431.) 

Antigenic structure: IX, XII: g, 
m, q:—. 

Source: Isolated in 1929, at State 
Serum Institute, Copenhagen from the 
blood of a pneumonia patient. Also 
found in the blood of a p.atient by Dr. 
Fournier, m Shanghai, China (Kauff¬ 
mann, Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 264). 

Habitat: Not reported from other 
sources as yet. 

« 

72. Salmonella sp. (Type Berta). 

(Salmonella berta Hormaeche, Peluffo 

and Salsamendi, Arch. Urug. de Med., 

Cirug. y Espec., 12 , 1938, 277.) Named 

in honor of Prof. Arnoldo Berta, Uru¬ 
guay. 

Antigenic structure: IX, XII: f, g, 


Source: Isolated from the mesenteric 
glands of normal hogs. 

Habitat; Causes gastroenteritis in 
man. Also found in chickens. 

73. Salmonella sp, (Type Pensacola). 
(Salmonella pensacola Moran and Ed¬ 
wards, Proc. Soc. Exper. Biol, and Med., 
59, 1945, 52.) 

.\ntigenic structure: IX, XII: g, m, 
t: —. 

Source: From a severe case of gastro- 
enterilis in man. 

Habitat: Not reported from other 
sources as yet. 

74. Salmonella sp. (Type Claiborne). 
(Salmonella claibornei Wilcox and Len¬ 
nox, Jour. Immunol., 4^, 1944 , 71.) 

Antigenic structure: I, IX, XII: k: 
1,5. . . . 

Source: Culture isolated from human 
feces at Camp Claiborne, Louisiana. 

Habitat: Not known from other 
sources as yet. 

75. Salmonella sp. (Type Sendai). 
(K type, Shimojo, quoted from Kauff- 
mann. Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 265; Atypi¬ 
cal Paratyphosus A, Aoki and Sakai, 
Cent. f. Bakt., I Abt., Orig., 95, 1925, 
152; Sendai type. White, Med. Res- 
Council, Spec. Rept. Ser. No. 103, 1926 , 
118; Salmonella sendaiensis Hauptt 
Ergebnisse der Hyg., 13, 1932, 673; 
Salmonella sendai Schiitze et al., Jour. 
Uyg., 34, 1934 , 345; Ebertkelh sp- 
(Sendai Type) F. Smith, in Manual, 5th 
ed., 1939, 464.) 

Antigenic structure: [II, IX, XII: a. 

• • • 

Source: Isolated in 1922 by K. Shimojo 

in Japan from a case of paratyphoi 
Later isolated by Aoki and Sakoi from 
feces, urine and blood of typhoid pa 
tients. 

Habitat: A natural pathogen of man 
causing enteric fever. 
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76. Salmonella sp, (Type Miami). 
{Salmonella miaini Edwards and Moran, 
Jour. Bact., 60, 1945, 259.) 

Antigenic structure: IX, XII: a: 1, 
5. ... 

Differ culturally and biochemically 
from organisms of Sendai Type (Ed¬ 
wards and Moran, Jour. Bact., 60, 
1945, 257). 

Source: Twenty-four cultures isolated 
by Mrs. Mildred Gallon in Florida. 
Fourteen cultures were from cases of 
acute gastroenteritis, one from a patient 
with chronic diarrhoea, 4 from food 
handlers, 4 from chimpanzees thought 
to be affected with bacillary dysentery 
and one from pickles which caused an 
outbreak of food poisoning. One cul¬ 
ture was from Borman, Wheeler, West 
and Mickle (Amer. Jour. Pub. Health, 
SS, 1943, 127) and was isolated from a 
case of gastroenteritis in Connecticut. 
Another culture was from Seligmann, 
Saphra and Wassermann (Amer. Jour. 
Hyg., 38, 1943 , 225) and was isolated 
from a case of enteric fever. 

Habitat: Apparently widely dis¬ 
tributed as a natural pathogen of man 
and apes. 

77. Salmonella sp. (Type Durban). 
{Salmonella durban Henning, Rhodes and 
Gordon-Johnstone, Onderstepoort Jour. 
Vet. Sci. An. Ind., W, 1941, 103; also 
see Kauffmann, Acta Path, et Microbiol. 
Scand., 19, 1942, 523.) 

Antigenic structure: IX, XII: a: e, 

D) Z|(. • • • 

Source: Isolated by Dr. J. Gordon- 
Johnstone in Durban, So. Africa from 
feces of a woman affected with gastro¬ 
enteritis. 

Habitat: Not reported from other 
sources as yet. 

78. Salmonella sp. (Type Onarimon). 
{Salmonella onarimon Kisida, Kitasato 
Arch, of Exper. Med., 17, 1940, 1.) 

Antigenic formula: I, IX, XII: b: 

1 , 2 _ 

Source: From the feces of a paraty¬ 


phoid B carrier. Later found in other 
cases of enteric fever resembling typhoid. 

Habitat: Cause of a typhoid-like 
disease in man. 

79. Salmonella sp. (Type Eastbourne). 
{Salmonella easlbourne Leslie and Shera, 
Jour. Path, and Bact., S4, 1931, 533.) 

Antigenic structure: (Ij, IX, XII: e, 
h: 1, 5. . . . 

May or may not produce indole (Kauff¬ 
mann, Die Bakteriologie der Salmonella- 
Gruppe, 1941, 12.) 

Source: From human enteric fever at 
Eastbourne, England. 

Habitat: A natural pathogen for man. 
.41so found in turkeys. 

80. Salmonella sp. (Type Panama). 
(Jordan, Amer. Jour. Trop. Med., 14, 
1934, 27; Salmonella panama Kauff¬ 
mann, Cent. f. Bakt., I Abt., Orig., 13$, 
1934, 160.) 

Antigenic structure: I, IX, XII: 1, v: 
1, 5. . . . 

Source: From human food poisoning 
at Fort Amador, in Panama, Canal 
Zone. Also isolated in New York City, 
Germany and Uruguay. Also in rep¬ 
tiles, hogs and chickens (Edwards and 
Bruner, Jour. Inf. Dis., 72, 1943, 64). 

Habitat: Apparently widely dis¬ 
tributed. 

81. Salmonella sp. (Type Dar es Sa¬ 
laam). (Brown, Duncan and Henry, 
Lancet, 1 , 1926, 117; Dar-es-Salaam 
Typus, Schiitze, Arch. f. Hyg., 100, 1928, 
192; Salmonella dareesalaamensis Haupt, 
Ergebnisse der Hyg., 13, 1932, 673; Sal¬ 
monella dar-ee-salaarn Schiitze et al., 
Jour. Hyg., 34, 1934 , 346.) 

Antigenic structure: I, IX, XII: 1, w: 

U■ « • • 

Liquefies gelatin (Jordan, Jour. Inf. 
Dis., 68 , 1936, 126). 

Source: Isolated by Butler in 1922 from 
a case of pyrexia at Dar es Salaam, East 
Africa. Cultures have also been re¬ 
ported from Zanzibar. 
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Habitat: Known thus far from human 
sources only. 

82. Salmonella sp. (Type Goettingen), 
{Salmonella goetlingcn llohn, Cent. f. 
Bakt., I Abt., Orig., 146 , 19-10. 218.) 

.Vntigonic structure: IX, XII: 1, v: 
0 , n, Z 15 . . . . 

The complete formula was developed 
l)y Kauffmann (Acta Path, et Microbiol. 
Scand., 17, 1940,429.) 

Source: Not given. Presumably from 
a human source. 

Habitat: Not reported. 

83. Salmonella sp. (Type Java). 
(Salmonella javiana Alley and Pijoan, 
Yale Jour. Biol, and Mod., 15, 1942 , 229; 
Edwards and Bruner, Jour. Immunol., 

1942, 319.) 

Antigenic structure: (I], IX, XII: 1, 
1, 5. . . . 

Source: From Eijkman Institute in 
Java. Isolated from feces of a child. 
Subsequently two cultures labeled N 112 
and N140. isolated in Panama from hu¬ 
man carriers, were received from Col. 
Chas. G. Sinclair. 

Habitat: Reported as yet from human 
sources only. 

84. Salmonella gallinarum (Klein) 
Bergcy et al. {Bacillus gallinarum Klein. 
Cent. f. Bakt., 5. 1889 , 689; Pheasant 
bacillus, Klein, Jour. Path. & Bact., 2, 
1893, 214; Bacillus phasiani septicus 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 2 , 1896, 410; Bacterium sangui- 
ttarium Moore, 12th and 13th Ann. Rpt. 
for 1895^96, U. S. Dept. Agr. Bur. An. 
Ind., 1897, 188; see Moore, U. S. Dept. 
Agr. Bur. An. Ind., Bull. 8 . 1895 , 63; 
Bacillus phasiani Migula, Syst. der 
Bakt., 2 , 1900, 769; Bacterium phasiani 
septicus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 74; Bacterium 
gallinanun Chester, ibid., 80; Bacterium 
pyogenes satiguinarium Berry and Ernst, 
Jour. Med. Res., 10 (N. S. 6), 1903-4h! 

Bacillus pseudo-cholerae gallinarum 
Pnneas, Giom. della R. Soc. Ital. 


dTgiene, 1908, 385; Bacillus ti/phi galli¬ 
narum alcalifaciens and Bacillus lyphi 
gallinarum Pfeiler and Rehse, Mitt. K. 
Inst. f. Landw. Bromberg, 5, 1913, 306; 
Eherthella sanguinaria Bergey et al.. 
Manual, 1st ed., 1923, 231; Bergey et al., 
Manual, 2nd ed., 1925, 236; Shigella galli¬ 
narum Weldin, Iowa State Coll. Jour. 
Sci., 1, 1927, 179.) From Latin, of 
chickens. 

Bacterium jeffersonii Hadley, Elkins 
and Caldwell, Rhode Island Agr. Exp. 
Sta. Bull. 174, 1918, 169 (Eberthella 
jeffersonii Bergey et al., Manual, 1st ed., 
1923, 230; Shigella jeffersonii Bergey et 
al.. Manual, 4th ed., 1934, 394). Shigella 
jeffersonii is identical serologically with 
Salmonella gallinarum (St. John-Brooks 
and Rhodes, Jour. Path, and Bact., 26, 
1923,433). 

Rods: 0.4 to 0.6 by 0.8 to 1.6 microns, 
with rounded ends, occurring singly or 
(in blood) in short chains. Non-motile. 
Oram-negative. 

Gelatin colonies: Small, grayish-white, 

finely granular, circular, entire. 

Gelatin stab; Slight, grayish-white 
surface growth with slight grayish, fili¬ 
form growth in stab. No liquefaction. 

Agar colonies: Moist, grayish, circular, 
entire. 

Agar slant: Thin, gray streak, with 
irregular margin, moist, glistening. 

Broth: Turbid with heavy, flocculent 
sediment. 

Litmus milk: Reaction unchanged, 
becoming translucent. No coagulation. 

Potato; Slight grayish growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid but no gas from glucose, fructose, 
galactose, mannose, xylose, arabinose, 
maltose, dextrin, mannitol, dulcitol an 
isodulcitol. Lactose, sucrose, glycero . 
salicin and sorbitol are not attacked. 

Ret^uces trimethylamine oxide (Woo 
and Baird, loc. cit.). , 

Hydrogen sulfide is sometimes form 

Aerobic, facultative. 

Optimum temperature 37®C. 

Antigenic structure: [H, IX, XIL 
—. Identical with Salmonella pullorum, 
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and related to Salmonella iyphosa. (I) 
antigen noted by Kauffmann (Acta 
Path, et Microbiol. Scand., Suppl. 54, 
1944, 36). 

Source and habitat: The causative 
agent of fowl typhoid (clearly to be dis¬ 
tinguished from fowl cholera), and 
identical with Moore’s infectious leu¬ 
kemia of fowls. Infectious for rabbits 
and all poultry, canaries and certain 
wild birds (quail, grouse, pheasant) by 
feeding or by injection. Found once in 
a normal human carrier. 

85. Salmonella pullorum (Uettgcr) 
Bergey et al. {Bacterium pullorum 
Rettger, Jour. Med. Res., (N.S. 16), 
1909, 117; also see Rettger, N. Y. Med. 
Jour., 71, 1900, 803; ibid., 73, 1901, 267; 
Rettger and Harvey, Jour. Med. Res., 
18 (N.S. IS), 1908,277; Bacillus pullorum 
Smith and Ten Broeck, Jour. Med. Res., 
31 (N. S. 26), 1915, 547; Bergey et al., 
Manual, Ist ed., 1923, 218; Typus pul¬ 
lorum, Kauffmann, Zentbl. f. d. ges. 
Hyg., 26, 1931, 273.) From Latin, of 
chickens. 

Rods: 0.3 to 0.5 by 1.0 to 2.5 microns, 
occurring singly. Non-motile. Gram¬ 
negative. 

Gelatin colonies: Grayish-white, 
moist, lobate, with grape-leaf surface. 

Gelatin stab: Slight, grayish surface 
growth. No liquefaction. 

Agar colonics: Grayish-white, smooth, 
glistening, entire to undulate. 

Agar slant: Develops as discrete, 
translucent colonies. 

Broth: Turbid. 

Litmus milk: Acid, becoming alkaline. 
No coagulation. 

Potato: Slow development, grayish. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, arabinose, xylose, 
mannitol and rhamnose. Does not at¬ 
tack lactose, sucrose, maltose, dextrin, 
salicin, rafHnosc, sorbitol, adonitol, 
dulcitol or inositol. Gas may bo slight 
or absent (cf. Salmonella gallinarum). 


Xylose may be fermented late (see Wel- 
din, Iowa State Coll. Jour. Sci., I, 1927, 
165). Maltose fermenting strains may 
occur (Hinshaw. Browne and Taylor, 
Jour. Inf. Dis., 73, 1943. 197). 

Reduces trimethylamine oxide (Wood 
and Baird, loc. cit.). 

Hydrogen sulfide is formed. 

.\erobic, facultative. 

Optimum temperature 37®C. 

.\ntigenic structure, IX, XII; —: 
The complete antigenic formula of 
S. pullorum is IX, XIL, Xll., XIL, while 
that of S. (jallinarum seems to be IX, 
XIIi, XII3. Antigen XIL is variable in 
S. pullorum (Edwards and Bruner, Cor¬ 
nell Vet., 36, 1946. 318) and Xir 2 +^ and 
XII2+ forms occur. The XII2++ forms 
are synonymous with the X strains of 
Younie (Can. Jour. Comp. Med., 6 , 
1941, 164). 

Source: Isolated from cdiickens and 
other birds, as well as calves, hogs, rab¬ 
bits and man. Occasionally produces 
food poisoning or gastroenteritis in 
man (Mitchell, Garlock and Broh- 
Kahn, Jour. Inf. Dis., 79, 1940, 57). 

Habitat: The cause of white diarrhoea 
in young chicks. Infects the ovaries and 
eggs of adult birds. 

853. Salmonella (jallinarum var. Duis¬ 
burg. (Muller, Munch, med. Wchnschr., 
so, 1933,1771; KaulTmann, Cent. f. Bakt., 
I Abt., Orig., 132, 1934 , 337.) 

Antigenically identical with Salmo¬ 
nella gallinarum and Salmonella pullorum. 
Differs from Salmonella gallinarum in its 
slow fermentation of maltose, failure to 
ferment d-tartrate and in not forming 
HjS. 

Source and habitat: Isolated from 
acute gastroenteritis in man. 

86. Salmonella sp. (Type Canastel). 
(Salmonella canastel Randall and Bruner, 
Jour. Bact., 40 , 1945, 511.) Source of 
name not given. 

Liquefies gelatin. 

Antigenic structure: IX, XII: z«: 

1, 5. • • • 
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Source: Isolated in Xorth Africa from 
American soldiers acting ns food hand¬ 
lers. 

Habitat: Xot reported from other 
sources as yet. 

57. Salmonella sp. (Type Italia). 
{Salmonella ilaliana Bruner and Ed¬ 
wards, Proc. Soc. Exp. Biol, and Med., 
58, 1945, 289.) 

Antigenic'structure: IX, XII: 1, v: 
1 . 11 . . . . 

Source: Two cultures, one isolated 
from a ease of bloody diarrhoea and the 
other from a case of gastroenteritis in 
man. Found in Italy by Lt. Col. 
Robert Hebble and by Capt. Ira C. 
Evans. 

Habitat: Xot reported from other 
sources as yet. 

58. Salmonella sp. (Type Napoli). 
{Salmonella napoli Bruner and Edwards, 
Proc. Soc. E.xper. Biol, and Med., 58, 
1945, 289.) 

Antigenic structure; [I], IX, XII: 1, 
^13• e, n, X. . . . 

Source: Ten cultures isolated from 
normal feces and from cases of gastro¬ 
enteritis in Naples, Italy. The first 
culture was isolated by Capt. W. H. 
Ewing. 

Habitat: Not reported from other 
sources as yet. 

89. Salmonella sp. (Type Loraa Linda). 
{Salmonella loma linda Edwards, Proc. 
Soc. Exper. Biol, and Med., 67, 1944,104.) 

Antigenic structure: IX, XII: a: e, 

n, X. . . . 

Source: Single culture isolated by Dr. 
T. F. Judefind, Loma Linda, California 
from the spinal fluid of a baby that died 
of meningitis. 

Habitat: Not reported from other 
sources as yet. 

90. Salmonella sp. (Type New York). 

{Salmonella new york Kauffmann, Acta 

Path, et Microbiol. Scand., Suppl. 54 
1944, 35.) 


.\ntigenic structure: IX, XII: 1, v: 

1 , 0 .... 

Source: Found by Dr. F. Schiff, New 
York in a study of a culture received 
under the label S. panama Strain No. 431. 
Regarded at the present time as a strain 
of Salmonella javiana by Dr. Kauffman 
(personal communication, March, 1947). 

Habitat: Xot reported from other 
sources as yet. 


91. Salmonella sp. (Type London). 
{Salmonella Type L, White, Med, Res. 
Council Spec. Kept. Ser. 103,1926,37; SaL 
monella londonenals Haupt, Ergebnisse 
der Hyg., 13, 1932, ^15;Salmonella london 
Schiitze et al., Jour. Hyg., 34 ,1934 , 346.) 

Antigenic structure: III, X, XXVI: 

l , v: 1 , 6 . . . . 

Source; Isolated in London froD' the 
feces of a gastroenteritis patient ^rom 
Reading, England. 

Habitat: Found in human infections, 
in hogs and in chickens. 

92. Salmonella sp. (Type Give). (5aL 
monella give Kauffmann, Ztschr. f. Hyg-. 

m, 1937, 177.) 

Antigenic structure: III, X, XXVI- 

U V', 1, 7. . . . ^ 

Source: From feces of a patient witD 
pernicious anemia. Also found in the 

U.S. A. and Germany. Occurs in fowls 

and hogs (Edwards and Bruner, Jour. 

Inf. Dis.,7Jg, 1943,64). 

Habitat; Apparently widely ois 

tributed. 


. Salmonella sp. (Type Uganda). 
monella Uganda Kauffmann, ^ a 
1 . et Microbiol. Scand., ^ ' 

itigenic structure: III, X, XXVI. 
.. 1 

lurce: Isolated in Uganda by 
G. Wiltshire from a human splee 
iutopsy. Typed by Dr. F. 

abitat; Not reported fro™ 
ces as yet. 
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94. Salmonella anatls (Rettger and 
Scoville) Bergey et al. {Bacterium anatxs 
Rettger and Scoville, Abst. Bact., 5, 
1910, 8 ; not Bacterium anatis Migula, 
Syst. d. Bakt., S, 1900, 364; Bacterium 
anatum Rettger and Scoville, Jour. Inf. 
Dis., 26, 1920, 217; Escherichia anata 
Bergey et al., Manual, 1st ed., 1923,198; 
Bergey et al., Manual, 2nd ed., 1925, 
238; Salmonella anatum Bergey et al., 
Manual, 3rd ed., 1930, 344.) From 
Latin, of the duck. 

With the transfer of this organism to 
the genus Salmonella , the original species 
name anatis again becomes available in 
spite of the earlier use of this species 
name by Migula for Cornil and Toupet's 
Bacillus der Enten-cholera (Compt. 
rend. Acad. Sci., Paris, 106, 1888, 1737). 
The latter organism is stated by Rettger 
and Scoville (1920, loc. cit., 220) to be 
indistinguishable from Pasteurella avi- 
septica. 

Morphology and cultural characters 
like those of Salmonella enleritidis. 

Kauffmann (Ztschr. f. Hyg., 119, 1937, 
352) describes a lactose-splitting variant 
of this species. 

Antigenic structure: III, X, XXVI: e, 

h: 1,6.... 

Reduces trimethylamine oxide (Wood 
and Baird {loc. cil.). 

Source: Isolated from an epizootic of 
keel in ducklings. Also found in in¬ 
testinal infections in chickens and man. 
Frequently occurs in association with 
Salmonella typhimurium. 

Habitat: Widely distributed in man 
and domestic animals. 

95. Salmonella sp. (Type Muenster). 
{Salmonella anatum var. muenster, Kauff¬ 
mann and Silberstein, Cent. f. Bakt., I 
Abt., Orig., 1S2, 1934, 431; Salmonella 
muenster Kauffmann, Ztschr. f. Hyg., 
140, 1937,177.) 

Antigenic structure: III, X, XXVI: e, 
h: 1,5.... 

Source: Isolated by Dr. Besserer in 
Muenster from food poisoning. Also 
isolated in Uruguay from human sources. 


Habitat: Not known from any but 
human sources as yet. 

96. Salmonella sp. (Type Nyborg). 
{Salmonella anatum var. nyborg, Kris- 
tensen and Bojldn, Cent. f. Bakt., I 
Abt., Orig., 136, 1936, 294; Salmonella 
nyborg Kauffmann, Ztschr. f. Hyg., 120. 
1937,189.) 

Antigenic structure: III, X, XXVI: e, 
h: 1, 7. . . . 

Source: From a case of acute enteritis 
in a young girl in Nyborg, Denmark. 

Habitat: Known only from human 
sources as yet. 

97. Salmonella sp. (Type Vcjle). {Sal¬ 
monella vejle Harhoff, quoted from Kauff¬ 
mann, Die Bakteriologie der Salmonella- 
Gruppe, Kopenhagen, 1941, 274.) 

Antigenic structure: III, X, XXVI: e, 
h:l,2,3. . . . 

Source: Isolated by E. M 0 ller, Copen¬ 
hagen, from a case of acute gastro¬ 
enteritis. 

Habitat: Not reported from other 
sources as yet. 

98. Salmonella sp. (Type Meleagris). 
{Salmonella meleagridis Bruner and 
Edwards, Amer. Jour. Hyg., 54, 1941, 
82; not Salmonella meleagridis Rettger, 
Plastridge and Cameron, Jour. Inf. 
Dis., 53, 1933, 279.) 

Antigenic structure: III, X, XXVI: e, 
h: 1 , w- 

Source: Original cultures isolated by 
Dr. B. S. Pomeroy, Univ. of Minnesota, 
from two distinct outbreaks of infection 
in turkey poults. Stated to be the same 
as Salmonella bantam from Batavia, 
Java (Kauffmann, Acta Path, et Mi¬ 
crobiol. Scand., 19, 1942 , 529). 

Habitat: In addition to the two strains 
isolated in Minnesota (Bruner and Ed¬ 
wards, Kentucky Agr. Exp. Sta., Bull. 
434,1942), the same type was recognized 
among cultures received from Massa¬ 
chusetts, Michigan, Pennsylvania, 
Maryland, South America and Japan. 
Also isolated from German soldiers in 
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Norway by Tesdal (Kauffmann, Die 
Baktcriologio dor Salmonella-Gruppe, 
1041, 295) and from snakes by Hinshaw 
and McNeil (Amer. Jour. Vet. Res., 6 , 
1945,20-1). 


Source: Isolated from mesenteric 
lymph glands of apparently normal hogs 
by Dr. H. L. Rubin, L'niv. of Kentucky, 
Lexington, Ky. 

Habitat: Also reported from turkeys. 


99. Salmonella sp. (Type Shangani). 
{iSalmoneUa shangani KaulTmann, Acta 
Path, et Microbiol. Scaiid., 16, 1939. ^7.) 

Antigenic structure: III, X. XXVI: d: 

1,0. . . . 

Source: Isolated in Zanzibar by Dr. 
J. D. Robertson from a woman with 
enteric fever. 

Habitat: Known only from human 
sources as yet. 

100. Salmonella sp. (Type Zanzibar). 
{Sabnonella Zanzibar Kauffmann, Acta 
Path, et Microbiol. Scand., 16, 1939,347.) 

Antigenic structure: III, X, XXVI: 
k: 1, 5. . . . 

Source: Isolated in Zanzibar by Dr. 
J. D. Robertson from a typhoid carrier. 

Habitat: Also found in chickens 
(Edwards). 

101. Salmonella sp. (Type Amager). 
{Salmonella amager Kauffmann, Acta 
Path, et Microbiol. Scand., 16, 1939,347.) 

Antigenic structure: III, X, XXVI: y: 
1, 2, 3. . . . 

Source: Isolated in Copenhagen from 
the feces of a person suffering from gas¬ 
troenteritis. 

Habitat: Known only from human 
sources as yet. 


102. Salmonella sp. (Type Lexington). 
{Salmonella lexington Rubin, Jour. 
Bact., 40, 1940,463; Edwards, Bruner and 
Rubin, Proc. Soc. Exper. Biol, and 
Med., U, 1940, 395.) 

Antigenic structure: III, X, XXVI: 
Zio: 1,5. . . . 

According to Kauffmann (Die Bak- 
teriologie der Salmonella-Gruppe, 1941, 
276), Dr. Erber of Java has found a 
Salmonella type with the same antigenic 
structure and has given it the name 
Salmonella batavia. 


103. Salmonella sp. (Type Weltevre- 
den). {Salmonella weltevreden Mertens, 
quoted from Kauffmann, Acta Path, et 
Microbiol. Scand., 19, 1942, 529.) 

Antigenic structure: III, X, XXVI: 
r: Ze. . . . 

Source: Isolated by Dr. W. K. Mertens, 
Batavia, Java, according to Kauffmann 
{loc. cit.). 

Habitat: Not recorded in available 
literature. 


KM. Salmonella sp. (Type Orion). 
{Salmonella type, var. orion and Sal¬ 
monella orion Barnes, Cherry and Myers, 
Jour. Bact. 50, 1945, 578.) From a sea¬ 
man on the S. S. Orion. 

Antigenic structure: III, X, XXVI: 

y: 1, 5. . . . 

Source; From rectal swab specimen 

from a normal food handler. 

Habitat: Not reported from other 

sources as yet. 


105. Salmonella sp. (Type Butantan). 
{Salmonella butantan Peluffo, Bier, 
Amaral, and Biocca, Mem. Inst. Butan 

tan, 15, 1946, 211.) 

Antigenic structure; III, X, XXVI. 

Source: Isolated by Dr. C. A- Pelnff® 
from a case of diarrhoea in a child. 
Habitat: Not reported from other 

sources as yet. 


106. Salmonella sp. (Type Newington). 

(iVnatum Ci No. 3071, N.C.T.C., London, 
Kauffmann and Silberstein, 

Bakt., I Abt., Orig., ISg, ^ 

Salmonella newinglon Edwards, o 

Hyg., 37, 1937, 3S4.) ^ 1 ,. 

Antigenic structure: HI, XV. » 

1 6 

Source: Isolated from ducks 
Newington, Connecticut by Dr. 
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Uettger. Also found in hogs, silver 
foxes and man. KautTmann (Ztschr. f. 
Hyg., ISO, 1937, 177) has described a re¬ 
lated type (Salmonella tim) from a case 
of enteritis in Tim, Denmark. 

Habitat: Widely distributed. 

107. Salmonella sp. (Type Selandia). 
(Salmonella selandia Kauffmann, Ztschr. 
f. Hyg.,/^0, 1937,189.) 

Antigenic structure: III, XV: e, h: 
1, 7. . . . 

Source: Isolated from the feces of a 
sailor on the S. S. Selandia after a voy¬ 
age to Asia and Australia. Was patient 
in Bispebjerg Hospital with pleuro¬ 
pneumonia at the time. 

Habitat: Known only from human 
sources as yet. 

108. Salmonella sp. (Type New Bruns¬ 
wick). (Salmo7iella new brunswick Ed¬ 
wards, Jour. Hyg., 37, 1937, 384; also sec 
Kauffmann, Ztschr. f. Hyg., ISO, 1937, 
189.) 

Antigenic structure: III, XV: 1, v: 
1,7.... 

Source: Isolated by Dr. F. R. Bcau- 
dette, New Brunswick, New Jersey from 
a chicken. Also isolated from gastro¬ 
enteritis in man. 

Habitat: Apparently widely dis¬ 
tributed. 

109. Salmonella sp, (Type Illinois). 
(Salmonella Illinois Edwards and Bruner, 
Proc. Soc. Exper. Biol, and Med., 48, 
1941, 240.) 

Antigenic structure: (III), (XV), 
XXXIV: z,o: I, 5. . . . 

Source: Isolated from hogs in Illinois 
by Dr. Robert Graham, from Hungarian 
partridges in Michigan by Miss Virginia 
Stoney and from turkeys in Minnesota 
by Dr. B. S. Pomeroy. 

Habitat: Also reported from hogs and 
man (Edw’ards). 

110. Salmonella sp. (Type Senften- 
berg). (Typus ^nftenberg, Kauff¬ 
mann, Ztschr. f. Hyg., Ill, 1930, 221; 


Salmonella senflenbcrg Scliiitze ct al., 
Jour. Hyg., 34, 1934, 339; Salmonella 
senflenbergensis Haupt, Ergebnisse dcr 
Hyg., 73, 1932,673.) 

Antigenic structure: I, III, XIX: g, 
s, t: —. 

Source: From a case of acute gastro¬ 
enteritis in a boy in Senftenberg, Den¬ 
mark. Cultures have frequently been 
found from persons and also from young 
turkeys. 

Habitat: Apparently widely dis¬ 
tributed. 

111. Salmonella sp. (Type Niloesc). 
(Salmonella niloesc Kauffmann, Acta 
path, et Microbiol. Scand., 16, 1939, 
347.) 

Antigenic structure: I, III, XIX: d: 

Source: Isolated in Copenhagen from 
a case of acute gastroenteritis in Niloesc, 
Denmark. Later found frequently in 
gastroenteritis in Denmark. 

Habitat: Known only from human 
sources as yet. 

112. Salmonella sp. (Type Simsbury). 
(Salmonella simsburij Bruner and Ed¬ 
wards, Proc. Soc. Exper. Biol, and Med., 
50, 1942, 174.) 

Antigenic structure: I, III, XIX: Zzt. 

9 

Source: Original culture isolated by 
Dr. E. K. Borman, State Dept. Health 
Lab., Hartford, Conn., from a normal 
human carrier from Simsbury, Conn. 
Edwards states (1946) that this may be 
a variant of Salmonella sp. (Type Sonf- 
tenberg). 

Habitat: Also found in turkeys (Bru¬ 
ner and Edwards, Kentucky Agr. Exp. 
Sta., Bull. 434, 1942, 9). 

113. Salmonella sp. (Type Taksony). 
(Salmonella laksony Rauss, Ztschr. f. 
ImmunitMsforsch., 103, 1943, 220.) 

Antigenic structure: I, III, XIX: i: 

• • • 

Source: Isolated from a healthy carrier 
(Hungary). 
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Habitat: Not reported frono other 
sources as yet. 

114. Salmonella sp. (Type Kentucky). 
{Salmonella kenlucky Edwards, Jour. 
Hyg.,38, 1038, 30G.) 

Antigenic structure: (VIII), XX: i; 

Z ^ • • • • 

Source: Isolated from the intestinal 
tract of a chick affected with coccidiosis 
and ulcerative enteritis. Found at 
Lexington, Kentucky. 

Habitat: Also reported from many 
species of fowls, from hogs and from man 
(Edwards). 

115. Salmonella sp. (Type Aberdeen). 
{Salmonella aberdeen J. Smith, Jour. 
Hyg., 34, 1934, 357.) 

Antigenic structure: XI: i: 1,2, 3. . . . 
Source: Isolated in Aberdeen, Scot¬ 
land, from the stool of a child suffering 
from acute enteritis. Also isolated by 
Timmerman in Utrecht from Ovomal- 
tine, and by Edwards in Kentucky from 
birds. See Kauffmann, Die Bakteriol- 
ogie der Salmonella-Gruppe, Kopen- 
hagen,1941,270. 

Habitat: Apparently widely dis¬ 
tributed. 

116. Salmonella sp. (Type Rubislaw). 
{Salmonella rubislaw Smith and Kauff¬ 
mann, Jour. Hyg., 40, 1940, 122.) 

Antigenic structure: IX: r: e, n, x. . . . 
Source: Isolated in Aberdeen, Scot¬ 
land from the feces of a child suffering 
from enteritis. Also found by Tesdal 
in Oslo, Norway. Reported by Hin- 
shaw and McNeil from snakes (Amer. 
Jour. Vet. Res., 6, 1945, 264). 

Habitat: Apparently widely dis¬ 
tributed. 

117. Salmonella sp. (Type Pretoria). 
{Salmonella Pretoria Henning, Rhodes 
and Gordon-Johnstone, Onderstepoort 
Jour. Vet. Sci. An. Ind., 16, 1941, 103.) 

Antigenic structure: XI: k: 1,2,3. . 


Source: Isolated by Dr. M. W. Henning 
in Pretoria, South Africa from an infec¬ 
tion in garbage-fed hogs. 

Habitat; Not reported from other 
sources as yet. 

118. Salmonella sp. (Type Venezia). 
{Salmonella veneziana Bruner and Joyce, 
Jour. Bact., 50, 1945 , 371.) 

•Vntigenic structure: XI: i: e, n, x. . . • 

Source: Culture received from Capt. 
J. K. Hill. Isolated from an apparently 
normal Italian civilian food handler in 
Venice, Italy. 

Habitat: Not known from other 
sources as yet. 

119. Salmonella sp. (Type Solt). (^af- 
monella solt Rauss, Ztschr. f. Immuni- 
tatsforsch., t03, 1043, 220.) 

Antigenic structure: XI: y: 1. 5. ■ • • 

Source: Isolated from a healthy carrier 
(Hungary). 

Habitat: Not reported from other 
sources as yet. 

120. Salmonella sp. (Typo St. Lucie). 
{Salmonella luciana Moran, Edwards aad 
Bruner, Proc. Soc. Exp. Biol, and Mcd-» 
64, 1917, 89.) From St. Lucie, Florida. 

Antigenic structure: XI: a. 

^I5«*** - 

Source: Single culture isolated by 
Mildred Galton from feces of a normal 
human carrier. 

Habitat: Not known from other 
sources as yet. 

121. Salmonella sp. (Type Senegal)- 
{Salmonella Senegal Hirishaw an 
McNeil, Jour. Bact., 68 , 1946, 319.) 

Antigenic structure; XI: r; 1» ’ 

Source: Isolated by Dr. W. L. 
shaw from a green mamba snake. 

Habitat: Not known from otn 
sources as yet. 

122. Salmonella sp. (Type 
{Salmonella marseille Moran, F j 
and Bruner, Proc. Soc. Exp- E'® ' 
Med., 1947, 89.) 
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Antigenic structure: XI: a: 1, 5. . . . 

Source: Isolated in Marseilles, France 
by Capt. Wm. Sutton from feces. 

Habitat: Not known from other 
sources as yet. 

123. Salmonella sp. (Type Grumpy). 
{Salmonella grumpcnsis Hormaeche and 
PelufTo, quoted from Hormaeche et al., 
Jour. Bact., 4^, 19-hl, 323.) Named for a 
person called grumpy. 

Antigenic structure: XIII, XXIII, 
XXXVI: d: 1, 7 ... as given by KaufT- 
mann (Acta Path, et Microbiol. Scand., 
Suppl. 54, 1944, 37). 

Source: Isolated in Uruguay from a 
guinea pig. Also studied by Kauffmann 
{loc. cii.). 

Habitat: Not reported from other 
sources as yet. 

124. Salmonella sp. (Type Poona). 
{Salmonella poona Bridges and Scott, 
Jour. Roy. Army Med. Corps, 66, 1935, 
221 .) 

Antigenic structure: XIII, XXII: z: 

1 , 6 .... 

Source: Isolated by Dr. L. Dunbar in 
Poona from the stool of a child suffering 
from enteritis. 

Habitat: Also reported from hogs 
(Edwards). 

125. Salmonella sp. (Type Borbeck). 
{Salmonella borbeck Hohn and Herri- 
mann, Cent. f. Bakt., I Abt., Orig., 145, 
1940, 219.) 

Antigenic structure: XIII, XXII: 1, 
v: 1, 0. . . . 

Source: Isolated from the feces of a 
child with typhoid. Found in the Bor¬ 
beck section of Essen, Germany. 

Habitat: Not reported from other 
sources as yet. 

126. Salmonella sp. (Type Mississippi). 
{Salmonella miasissippi Edwards, Cherry 
and Bruner, Proc. Soc. Exp. Biol, and 
Med., 64, 1943, 263.) 

Antigenic structure; I, XIII, XXIII, 
b: 1 , 6 . . . . 


Source: Isolated by the State Dept, of 
Health of Mississippi from the stool of 
a normal food handler. 

Habitat: Also reported from hogs 
(Edwards). 

127. Salmonella sp. (Type Wichita). 
{Salmonella wichita Schiff and Strauss, 
Jour. Inf. Dis., 65, 1939, 125.) 

Antigenic structure; I, XIH, XXIII: 
d: —. 

Source; Isolated by Miss B. McKinlay 
in an epidemic of enteritis affecting 
babies, Wichita, Kansas. Also in fowls, 
turkeys and hogs (Edwards and 
Bruner, Jour. Inf. Dis., 72, 1942 , 64). 

Habitat: Apparently widely dis¬ 
tributed. 

128. Salmonella sp. (Type Havana). 
{Salmonella Havana Schiff and Saphra, 
Jour. Inf. Dis., 68 , 1941, 125.) 

Antigenic structure: I, XIII, XXIII: 

fi 6- • 

Source: Isolated during an outbreak 
of 21 cases of meningitis in children in a 
maternity hospital in Havana, Cuba. 

Habitat: Not reported from other 
sources as yet. 

129. Salmonella sp, (Type Worthing¬ 
ton). {Salmonella Worthington Edwards 
and Bruner, Jour. Hyg., 38, 1938, 716.) 

Antigenic structure: I, XIII, XXIII: 
1, w : z. . . . 

Source: Isolated by Dr. B. S. Pomeroy 
from a turkey poult from Worthington, 
Minnesota. Also found in a hen. Later 
additional cultures were found in other 
birds, in rodents, cattle, hogs and man. 
(Edwards and Bruner, Jour. Inf. Dis., 
72, 1943 , 64). 

Habitat: Apparently widely dis¬ 
tributed. 

130. Salmonella sp. (Type Cuba). 
{Salmonella cubana Seligmann, Wasser- 
man and Saphra, Jour. Bact., 61, 1946, 
123.) 

Antigenic structure; I, XIII, XXIII: 

Zt»: —* 
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Source: Isolated in Havana, Cuba by 
Dr. Arturo Curbelo from diseased baby 
chicks. 

Habitat: N'ot reported from other 
sources as yet. 

131. Salmonella sp. (Type Heves). 
{Salmonella heves Ilauss, Ztschr. f. Im- 
munitatsforsch., 103, 1943, 220.) 

Antigenic structure: VI, XIV, XXIV: 
d: 1, 5. . . . 

Source: Isolated from a healthv carrier 
(Hungary). 

Habitat: Not reported from other 
sources as yet. 

132. Salmonella sp. (Type Carrau). 
{Sahnonella carrau Hormacche, Peluffo 
and Salsamendi, Arch. Drug, do Med., 
drug, y Espec., IB, 1938, 377; Hor- 
maeche, Peluffo and Pereyra, Jour. 
Pact., 47, 1944, 323.) 

Antigenic structure: VI, XIV, XXIV: 
y: 1, 7. . . . 

Source; Isolated in Uruguay from 
mesenteric glands of normal hogs. 

Habitat: Also reported from feces and 
blood in man, once from flies and one 
culture from human blood from Mexico. 

133. Salmonella sp. (Type Onderste- 
poort). {Salmonella onderstepoort Hen¬ 
ning, Jour. Hyg., 36, 1936, 525.) ■ 

Antigenic structure; (I), VI, XIV 
XXV: e, (h): 1, 5. . . , 

Source: Isolated in So. Africa by Dr. 
J. H. Mason from sheep in Onderste¬ 
poort. Also isolated from man by Dr. 
Hormaeehe (Uruguay) and from turkeys 
(Edwards, Kentucky). 

Habitat; Apparently widely dis¬ 
tributed in warm-blooded animals. 

134. Salmonella sp. (Type Florida). 
{Salmonella fiorida Cherry, Edwards and 
Bruner, Proc.Soc. Exp. Biol, and Med., 
6 B, 1943, 125; Galton and Quan, Amer. 
Jour. Hyg., 58, 1943, 173.) 

Antigenic structure: (I), VI, XIV 
XXV: d: 1,7.... 


Source; Isolated by Mrs. Mildred Gal¬ 
lon from feces of a patient with a febrile 
disease and diarrhoea. 

Habitat: Also reported from reptiles 
(Edwards). 

135. Salmonella sp. (Type Madelia). 
{Salmonella madelia Cherry, Edwards 
and Bruner, Proc. Soc. E.\p. Biol, and 
Med., 62, 1943, 125.) 

Antigenic structure: (I), VI, XIV, 
XXV: y: 1, 7. . . . 

Source: A single culture isolated by 
Dr. B. S. Pomeroy from the liver of a 
poult that died of septicemia. Found 
in Madelia, Minnesota. 

Habitat: .\lso reported from man 
(Edwards). 

136. Salmonella sp. (Type Sundsvall)- 
{Salmonella sundsvall Olin and Alin, 
.4cta Path, et Microbiol. Scand., ^0, 
1943,607.) 

Antigenic structure: (I), VI, XIV, 
XXV: z; e, n, X. . . . 

Source: Isolated from a person suffer¬ 
ing from gastroenteritis. 

Habitat: Not reported from 
sources as vet. 

137. Salmonella sp. (Type Orient). 
{Salmonella orienlalis Carlquist an 
Conte, Bull. U. S. Army Med. Dept., S, 
1946, 843.) 

Antigenic structure: XVI: k; e, n, 

Source: Isolated from U. S. 
personnel who had been prisoners of t e 

Japanese Army in the Orient. 

Habitat: Not known from other 

sources as yet. 

138. Salmonella sp. (Type 

foss). {Salmonella hvitlingfoss Tes a , 

Ztschr. f. Hyg., 118, 1936, 533.) ^ 

Antigenic structure: XVI: b. 

X* . . . 

Source: Isolated during a food 
ing outbreak in Hvittingfoss, a s 
town in Norway. Caused by 
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pultoste, a kind of soft cheese. Cul¬ 
tures secured from the cheese, from the 
persons who were poisoned, from sew’age 
and from a foal. 

Habitat: Evidently rather widely 
distributed. 

139. Salmonella sp. (Type Gaminara). 
(Salmonella gaminara Hormaeche, Pe- 
luffo and Salsamendi, Arch. Urug. de 
Med., Cirug. y Espec., 12, 1938, 377; 
ibid., 14, 1939, 217.) Named in lionor of 
Prof. Gaminara of Uruguay. 

Antigenic structure: XVI: d: 1, 7. . . . 

Source: Isolated from the feces of a 
child suffering from enteritis. 

Habitat: Not know'n from other 
sources as yet. 

140. Salmonella sp. (Type Szentes). 
(Salmonella szentes Itauss, Ztschr. f. 
Immunitatsforsch., WS, 1943, 220.) 

Antigenic structure: XVI: k: 1, 2, 
3. . . . 

Source: Isolated by Dr. K. Itauss 
from a healthy carrier (Hungary). 

Habitat: Not reported from other 
sources as yet. 

141. Salmonella sp. (Type Kirkee). 
(Salmonella kirkee Bridges and Dunbar, 
Jour. Roy. Army Med. Corps, 67, 1936, 
289.) 

Antigenic structure: XVII: b: 1,2. .. . 

Source: Isolated in Kirkee, India from 
the feces of a child suffering from acute 
enteritis. The source of the infection 
was thought to be a dog. 

Habitat: Not reported from other 
sources as yet. 

142. Salmonella sp. (Type Cerro). 
(Bacterium cerro Hormaeche, Peluffo 
and Salsamendi, Arch. Urug. Med., 
Cirug. y Espec., 12, 1938,377; Salmonella 
cerro Hormaeche, Peluffo and Aleppo, 
ibid., 19, 1941, 125.) 

Antigenic structure; XVIII: z*, za, 

Source: Isolated from the mesenteric 
glands of normal hogs from Cerro, 
Uruguay. 


Habitat: Also isolated by the authors 
in 13 cases of infantile infectious. 
Found also in chickens (Edwards). 

143. Salmonella sp. (Type Minnesota). 
(Salmonella minnesoia Edwards and Bru¬ 
ner, Jour. Hyg., 38, 1938. 71G.) 

Antigenic structure; XXI, XXVI: 
b: e, n, x. . . . 

Source: Isolated in Minnesota by Dr. 
B. S. Pomeroy from a young turkey. 

Habitat: Also reported from cattle 
and man. 

144. Salmonella sp. (Type Tel Aviv). 
(Salmonella lel-aviv Kaiiffmann, Acta 
Path, et Microbiol. Scand., 17, 1940, 1.) 

Antigenic structure: XXVIII: y: e, 

• • • 

Source: Isolated in Tel Aviv, Palestine 
by Dr. G. B. Simmins during an epi¬ 
zootic affecting young chickens during 
which 50 per cent died. 

Habitat: Not known from other 
sources as yet. 

145. Salmonella sp. (Type Pomona). 
(Salmonella pomona Edwards, Proc. 
Soc. E.xp. Biol, and Med., 58, 1945, 291.) 

Antigenic structure: XXVIII: y: 1, 

7 ... t 

Source: Single culture isolated from 
the intestine of a poult in 1941 by Dr. 
W. R. Hinshaw. 

Habitat: Also reported from man 
(Edwards). 

146. Salmonella sp. (Type Ballerup). 
(Salmonella ballerup Kauffmann and 
M0Uer, Jour. Hyg., 40, 1940, 246.) 

Antigenic structure: XXIX, [Vi]: 

Zh: —. 

Source: From the feces of a woman 
from the town of Ballerup, Denmark. 
A cause of gastroenteritis. 

Habitat: Not knowm from other 
sources as yet. 

147. Salmonella sp. (Type Hor¬ 
maeche). (Salmonella horrnaechei Mon- 
teverde. Nature, 154, 1944,676.) Named 
in honor of Dr. Hormaeche of Uruguay. 
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Antigenic structure: XXIX, [^’i)*: 

7-zo, (zji]: —. 

Source: From the ovary of a lien whose 
blood gave a positive reaction ^^itll the 
.S'. puUorum antigen. Found in Buenos 
Aires by Dr. Monteverde. 

Habitat: Also reported fronj hogs and 
man (PJdwards). 

*Iteporled by J^r. V. H. Kdwards 
(personal eotnmunicaiion). 

US. Salmonella sp. (Type ITbana). 
{SalmoncUa iirbana Fdwartlsand Bruner, 
Jour. Inf. Dis., 6'5. 1041,223.) 

Antigenic structure; XXX: b: e, n, 

X. . . . 

Source; One culture was received from 
Dr. Robert Graham, I’rbana, Illinois 
and was isolated from the contents of the 
colon of a hog alTccted with licmorrhagic 
enteritis. The second culture was iso¬ 
lated from the intestinal tract of a 
chicken by Dr. L. Mallmann, East 
Lansing. Michigan. 

Habitat; Also rejmrted from man 
(Kdwards). 

149. Salmonella sp. (Type Adelaide). 
{Sahnonella adclaide Cleland, Med. Jour. 
Australia, 31, 1944. 59.) 

Antigenic structure: XXXV: f, g: —. 

Source: Isolated in Adelaide, Australia 
by Miss Nancy Atkinson from two fatal 
cases resembling typhoid fever. 

Habitat: Not reported from other 
sources as yet. 

150. Salmonella sp. (Type Inverness). 
{Sdlmonella mvcrucss Edwards and 
Hughes, Proc. Soc. Exp. Biol, and Med., 
66 , 1944 , 33.) 

Antigenic structure: XXXVIII: k: 

1,6 _ 

Source: Isolated by Mrs. Mildred Gal- 
ton and Mr. M. S. Quan of the Florida 
State Department of Health, from the 
stool of a normal food handler, Inver¬ 
ness, Florida. 

Habitat: Not reported from other 
sources as yet. 

151. Salmonella sp. (Type Cham¬ 
paign). {Salmonella champaign Ed- 


w?,rds, Proc. Soc. Exp. Biol, and Med., 
58, 1945 , 291.) 

Antigenic structure: XXXIX: k: 

1.0 _ 

Source; Single culture isolated from 
the liver of an adult hen by Dr. Robert 
Graham, Champaign, Illinois. 

Habitat: Not reported from other 
sources as yet. 

Appendix I: The following species and 
varieties are largely taken from Ilaudu- 
roy, Ehringcr, Urbain, Guillot and 
Magrou, Dictionnairc des Baetdries 
Pathogenes, Paris, 1937, 446-472. The 
relationships of many of these are not 
clear. 

Bacillus canariensis Migula. (Ba¬ 
cillus der Kanarienvogelseptikamie, 

Ricck, Deutsche Ztschr. f. Thiermed., 
15, 1889, G9; Migula, Syst. d. Bakt., 
1900, 770; Bacillus avisepticus Chester, 
Man. Determ. Bact., 1901, 220; not Ba¬ 
cillus avisepticus Kitt, in Kolle an 
Wassermann, Handb. d. path. Mikroorg., 

1 Aufl., B, 1903, 544.) Associated with 
intestinal catarrh and liver changes m 
canaries. Iladley, Elkins and 
(Rhode Island Agr. Exp. Sta., Bull. 174. 
1918, 178) regard this as probably Ba¬ 
cillus gallinarum Klein. 

Bacillus friedebergensis Kruse. ( ® 
ciilus der Friedeberger Fleischvergii- 

tung, Gaffky and Paak, ^^**^*'' 
kaiserl. Gesundheitsfimte, 1^9 . ’ 

Kruse, in Fliigge, Die Mikroorganisine > 

3 Aufl., 2, 1896, 378; Bacterium ' 
bergensis Chester, Ann. Kept. De ■ 

Agr Exp. Sta., 9. 1897, 73.) Fro® 

.sausage in meat poisoning. 

Salmonella abortus canisG&rd. ( ® 

f. Hyg., m, 1938, 139.) ' 

of four persons with Paratyphoid ap^^ 
ently spread from an infecte 
Kauffmann regards this as i oa 
with Salmonella schotimuelleri. 

Salmonella annamensts Haudur . 
(Un bacille du groupe des ^^pt. 

N'ormet, Urbain and ^haillo > 
rend. Soc. Biol., Paris, 101, 

Hauduroy et al., Diet. d. o 
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1937, 450.) Isolated during an epidemic 
of dysentery at Hu^ (Annam) in 1925. 

Salmonella archibaldii Castellani and 
Chalmers. (Man. Trop. Med., 3rd cd., 
1919,940.) 

Salmonella Carolina (Castellani) Cas¬ 
tellani and Chalmers. (Bacillus caro- 
linus Castellani, Ann. di Med. Kav. e 
Colon., 1, 1918; Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919 , 940.) 

Salmonella coagulans (Castellani) Hau- 
duroy et al. (Bacillus coagula7ts Cas¬ 
tellani, 1916; Balkanella coagulans Cas¬ 
tellani, 1916; sec Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
935; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 453.) 

Salmonella coluinbensis (Castellani) 
Castellani and Chalmers. (Bacterium 
columbense Castellani, Proe. Meeting 
Ceylon Branch British Assoc., 1905, 
quoted from Castellani, Cent. f. Bakt., 
I Abt., Orig., 74, 1914, 197; Bacillus 
columbensis Castellani, Jour. Trop. Med. 
and Hyg., 20, 1917, 181; Castellani and 
Chalmers, Ann. Inst. Past., 34, 1920, 609; 
Morganella columbensis Fulton, Jour. 
Bact., 4^, 1943,81.) The cause of colum¬ 
bensis fever. Isolated from feces, urine 
and blood. 

Salmonella enterilidis var. v, Haudu¬ 
roy et al. (Bacille para-Gartner V, 
Ilochaix and Couture, llevue de Micro- 
biologie appliqutSc, 2, 1936; Hauduroy 
et al.. Diet. d. Bact. Patli., 1937, 454.) 
Found associated with Salmonella en- 
terilidie in meat pies and in the feces of 
individuals with food poisoning. 

Salmonella enlerilidis-yeWow, a variety 
of Salmonella enterilidis Deskowitz and 
Buchbinder (Jour. B&ct., 29, 1935, 293). 
Cultures differ from typical Salmonella 
enterilidis in producing a yellow, water- 
soluble pigment. From the feces of a 
rat with enteric infection. 

Salmonella foetida Bergey et al. (Coc- 
cobacillus foelidus ozenae Perez, Ann. 
Inst. Past., IS, 1899, 937; Coccobacillua 
(foelidus) ozaenae Ward, Jour. Bact., 2, 
1917, 619; Bergey et al., Manual, Ist ed., 
1923, 220; Bacterium foelida Weldin and 
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Levine, Abst. Bact., 7. 1923, 13; Es¬ 
cherichia foelida Bergey et a!., Manual, 
2nd cd., 1925, 222.) From chronic rlii- 
nitis, ozena. See Manual, 4th ed., 1934, 
380 for a description of this species. 

Salmonella holsalicnsis Uoelcke. 
(Also Salmonella Typ Holstein, Roelcke, 
Cent. f. Bakt., I Abt., Grig.. !37, 1936, 
464.) According to KaulTinann (^tsclir. 

Hyg*. 119, 1937, 352) the 0-antigeus of 
this rapid fermenter of salicin and weak 
indole-former are identical with those of 
Sabnonella poona. The Il-antigens hav^e 
not been compared as yet. 

Salmonella icteroides (Sanarelli) Bor- 
gey ct al. (Bacillo icteroide, Sanarelli, 
II Policlinico. 4 , 1897. 412; Bacillus 
icteroides Sanarelli, British .Mod. Jour., 
July 3. 1S07, 7; Bacterium icteroides 
Lehmann and Xeuniann. Bakt. Diag., 
2 Aull.. 2, 1890, 241; Bergey et al.. 
Manual, 1st ed.. 1923, 218.) From yel¬ 
low fever cadavers. See Manual, 5th 
cd., 1939, 604 for a description of this 
species. 

Salmonella iwo-jima Lindberg and 
Bayliss. (Jour. Inf. Dis., 79, 1946, 
92.) Isolated from a soldier on Iwo- 
Jima during a routine examination of 
food handlers. Belongs to Group C. 
.Vntigenie .structure: VI, VUI: i; 1,5 . . . 
Described too recently to be included 
in the main body of the text. 

Salmonella licengi Leon. (licv. Inst. 
Salubridad y Enferm. Trop., 3, 1942, 
273.) From feces. This probably be¬ 
longs in the coliform group. 

Sabnonella maefadyeanii (Weldin and 
Levine) Weldin. (Bacterium macfeul- 
yeanii Weldin and Levine, Abst. Bact., 
7,1923,13; Weldin, Iowa State Jour. Sci., 
1, 1927, 108.) Associated with liog 
cholera. 

Salmonella mexicana Varela and 
Olarte. (Ilev. Inst. Salubridad y En¬ 
ferm. Trop., 4, 1943, 313.) From feces. 

Salmonella monshaui Carlquist and 
Coates. (Jour. Bact., 63, 1947, 249.) 
Isolated from stump of a soldier who 
suffered traumatic amputation of a leg 
in the fighting around Monshau, Ger- 
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many. Belongs to Group F. Antigenic 
structure: XXXV: m. t.:“Described 
too recently to be included in the main 
I'ody of the text. 

Sobnonella nocnrrf? Pacheco. (Conipt. 
rend. Soc. Biol., Paris, 106, 1931,372 and 
1018.) Patliogenic for parrots and 
pigeons. 

Salmondla oahu Lindberg and Bayliss. 
f.lour. Inf. Dis., 79, 1040, 92.) Isolated 
from a case of gastroenteritis in a soldier 
hospitalized on Oahu. Belongs to Group 
B. Antigenic structure: IV, V, XII: 
1, v: 1. 2. 3 . . . Described too recently 
to be included in the main body of the 
text. 

Salmonella ostrei (Besson and Ehr- 
inger) Ilauduroy et al. {Bacillus ostrei 
Besson and Ehringer, Conipt. rend. Soc. 
Eiol., Paris, 87, 1922, 1017; Hauduroy et 
al., Diet. d. Bact. Path., 1937, 460.) 
Isolated from oysters. Not pathogenic 
for laboratory animals. 

Salmonella para-asiatica (Castellani) 
Hauduroy et al. (Bacillus paraasiaticus 
Castellani, 1916; see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 950; Hauduroy et al., Diet. d. 
Baet. Path., 1937, 461.) 

Salmonella para-coagulans (Castellani) 
Hauduroy et al. (Bacillus para-coa^u- 
lans Castellani, 1914; see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 950; Ilauduroy et al.. Diet. d. 
Bact. Path., 1937. 461.) 

Salmonella pauloensis Gomes. (Rev. 
Inst. Adolfo Lutz, 1942, 231.) May be 
the same as Salmonella columbensis. 

Salmonella pseudo-asiatica (Castellani) 
Castellani and Chalmers. {Bacillus 
pseudo-asiaiicus Castellani, Cent. f. 
Bakt., I Abt., Orig., 65, 1912, 266; Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
3rd ed., 1919, 940.) 

Salmonella pseudo-asiatica var. mo- 
bilis Hauduroy et al. {Bacillus pseudo- 
asiaticus mobilis Castellani, see Castel¬ 
lani and Chalmers, Man. Trop. Med., 
3rd ed., 1919, 952; Hauduroy et al.. 
Diet. d. Bact. Path., 1937 , 463.) 

Salmonella (f) pseudo-carolina (Cas¬ 


tellani) Hauduroy et al. {Bacillus pseu- 
docarolinus Castellani, 1917; see Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
3rd ed., 1919, 952; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 463.) 

Salmonella (f) pseudo-columbensis 
(Castellani) Hauduroy et al. (Bacillus 
pseudO’Columbensis Castellani, see Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
3rd ed., 1919 , 954; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 464.) 

Salmonella pseudo-morganii (Castel¬ 
lani) Hauduroy et al. {Bacillus pseudo- 
morgani Castellani, see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 954; Hauduroy et al., Diet. d. 
Bact. Path., 1937,464.) 

Salmonella ranicida Hauduroy et al. 
(Bacille pathog5ne isold des grenouilles, 
Gheorghiu and Balmus, Compt. rend. 
Soc. Biol., Paris, 108, 1931, 1002; Hau¬ 
duroy et al., Diet. d. Bact. Path., 1937, 


466.) Pathogenic for frogs. 

Salmonella saipan Lindberg and Bay¬ 
liss. (Jour. Inf. Dis., 79, 1946, 92.) 

Isolated from a case of gastroenteritis 
in a soldier hospitalized on Saipan. 
Belongs to Group E. Antigenic 
ture: III, X, XXVI: z,. ... Described 
too recently to be included in the mam 

body of the text. 

Salmonella schottmulleri var. a 
Hauduroy et al. {Bacillus paralyp * 
alvei Bahr, Skand. Veterin. Tids'.> 
1919; Hauduroy et al., Diet. d. • 
Path., 1937, 469.) Pathogenic for be 

and wasps. _ . i 

Salmonella veboda (Castellani) s 
lani and Chalmers. {Bacillus veo 

Castellani, Jour. Trop. Med. 
eo, 1917, 181; Castellani and Chaim ' 
Man. Trop. Med., 3rd ed., 1919, 9 . 
Bacterium veboda Weldin and 
Abst. Bact., 7, 1923, 13.) 

Salmonella watareka (CastellanO 
gey et al. {Bacillus watareka ® 
Kept. Advisory Committee for 
Dis. Research Fund for 1®^^' jind 

1913; Bacterium ““f f “Tl Berge? 
Levine, Abst. Bact., 7, 1923, 1 » 
et al., Manual, Ist ed., 1923,2 
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Salmonella werahensis (Castellani) 
Hauduroy et al. (Bacillus werahensis 
Castellani, sec Castellani and Chalmers, 
Man. Trop. Med., 3rd cd., 1919, 956; 
Hauduroy ct al., Diet. d. Baet. Path., 
1937, 471.) 

Salmonella wesenbergoidcs (Castellani) 
Hauduroy ct al. (Bacillus wesenber¬ 
goidcs Castellani, 1916; see Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed., 1919, 935; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 471.) 

Salmonella willegoda (Castellani) Cas¬ 
tellani and Chalmers. (Bacillus wille¬ 
goda Castellani; Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
939.) 

Salmonella woliniae (Castellani) Cas¬ 
tellani and Chalmers. (Bacillus woli- 
7iiae Castellani, Jour. Trop. Med. and 
Hyg., go, 1917, 181; Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 939; Bacterium woliniae Wcldin 
and Levine, Abst. Bact., 7, 1923, 13.) 

Appendix H: The following species 
have been thought to belong to the 
genus Eberthella, i.e., do not produce gas 
from glucose. Descriptions of nearly 
all of the species listed in the genus 
Eberthella will be found in the Manual, 
5tli cd., 1939, 464^69. 

Bacillus subentericus Ford. (Studies 
from the Royal Victoria Hosp., Mon¬ 
treal, /, 1903 , 40; also see Jour. Med. 
Res., /, 1901, 218.) From feces. 

Bacterium typki jlavum Dresel and 
Stickl, (Deutsche med. Wchnschr., 64, 
1928, 517.) From feces of persons with 
typhoid fever. Cruickshank (Jour. 
Hyg., 35,1935,354) reports that a variety 
of yellow chromogenic saprophytes have 
been identifled as belonging to this 
species, none of which could be regarded 
as yellow variants of Salmonella ly~ 
phosa (Zopf) White. They apparently 

belong in the genus Flavobaclerium 
Bergey et al. 

Eberthella alcalija^iens de Salles 
Gomes. (RivisU-do Inst. Adolfo Lutz, 


4, 1944, 191.) From catarrhal feces of 
an infant. 

Eberthella belfastiensis (Weldin and 
Levine) Bergey et al. (Bacterium coli 
anaerogenes Lembke, Arch. f. Hyg., 26, 
1896, 299; Bacterium Icmbkei Migula, 
Syst. d. Bakt., g, 1900, 417; Bacterium 
anaerogenes Chester, Man. Determ. 
Bact., 1901,135; Bacillus belfastiensis II, 
Wilson, Jour. Hyg., 8, 1908, 543; Bacillus 
anaerogenes Holland, Jour. Bact., 5, 
1920, 217; Bacterium belfastiensis Weldin 
and Levine, Abst. Bact., 7, 1923, 13; 
Bergey et al.. Manual, 1st ed., 1923, 226; 
Bacillus coli anaerogenes Kcrrin, Jour. 
Hyg., 38,1928,4; Escherichia anaerogenes 
Bergey et al.. Manual, 3rd ed., 1930, 321; 
Castellanus colianaerogenes Castellani, 
Cent. f. Bakt., I Abt., Orig., 125, 1932, 
42.) From feces. 

Eberthella bentotensis (Castellani and 
Chalmers) Bergey et al. (Bacillus bento- 
tensis Castellani, Cent. f. Bakt., I Abt., 
Orig., 35, 1912,262; Bacterium bentotensis 
Weldin and Levine, Abst. Bact., 7, 1923. 
15; Bergey et al., Manual, 1st cd., 1923, 
227; Castellanus bentotensis Castellani, 
Cent. f. Bakt., I Abt., Orig., 125, 1932, 
42.) From the intestinal canal. 

Eberthella ckylogena (Ford) Bergey 
et al. (Bacillus chylogenes Ford, Stud¬ 
ies from the Royal Victoria Hospital, 
Montreal, /, No. 5, 1903, 62; Bergey 
et al., Manual, Ist ed., 1923,224.) From 
the intestinal canal. 

Eberthella dubia (Chester) Bergey 
et al. (Meiner Bakterie, Bleisch, 
Ztschr. f. Hyg., IS, 1893, 31; Bacillus 
dubius Kruse, in FlUgge, Die Mikro- 
organismen, 3 Aufl., 2, 1893, 323; Bacillus 
bleischii Kruse, ibid., 704; Bacterium 
dubius Chester, Ann. Rept. Del. Col. 
Agr. E.\p. Sta., 9, 1897, 93; Bergey et al., 
Manual, Ist ed., 1923, 225.) From the 
intestinal canal. 

Eberthella enterica (Ford) Bergey et al. 
(Bacillus entericus Ford, Studies from 
the Royal Victoria Hospital, Montreal, 
i. No. 5, 1903, 40; also see Jour. Med. 
Research, /, 1901, 211; not Bacillus 
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eniericus Castellani, 1907 {Enteroides 
eniericus Castellani and Chalmers, Man. 
Trop. Mod., 3rd ed., 1910, 941); Borgcy 
et al., Manual, 1st cd., 1923,223.) From 
the intestinal canal. 

Eberthella insecticoh Steinhaus. 
(.Jour. Bact., 4^, 1941, 7C2 and 769.) 
From the intestinal tracts of grass¬ 
hoppers, milkweed bugs and stinkbugs. 

Eberthella kandicnsis (Castellani) Ber- 
gey et al. (Bacillus kandicnsis Castel¬ 
lani, Cent. f. Bakt., I Abt., Orig., 65, 
1912, 262; Ebcrthus kandiensis Castellani 
and Chalmers, Man. Trop. Med., 3rd ed., 
1919, 936; Bacterium kandiensis Weldin 
and Levine, Abst. Bact., 7, 1923, 13; 
Bergeyet al.,Manual, 1st ed., 1923,225.) 
From feces. 

Eberthella leu'isii Weldin. (Organism 
B32, Lewis, Local Gov. Board Rej)t. 
Med. Suppl. London, 1910-11, Appen. B. 
No, 2, 1911, 314; Bacterium lewisii Wel¬ 
din and Levine, Bact. Abst., 7, 1923, 13; 
Weldin, Iowa State Col. .Jour. Sci.. 1, 
1926,172.) From feces of a normal child. 

Eberthella oedematiens Assis. (Boletin 
do Inst. Vital, Brazil, 5, 1928.) From 
the intestinal canal. 

Eberthella oxijphila (Ford) Bergey 
et al. (Bacterium oxijphilum Ford. 
Studies from the Royal \'ictoria Hospi¬ 
tal, Montreal, 1, No. 5, 1903, 49; Bergey 
etal., Manual. 1st ed.. 1923.224.) From 
the intestinal canal. 

Eberthella pauloensis Mello. (Jornal 
dos Clinicos, Rio de Janeiro, No. 18-30, 
Sept., 1937, 7 pp.) From feces of a 
dysentery patient. 

Eberthella priztnitzi (Castellani and 
Chalmers) Hauduroy et al. (Bacillus 
priztnitzi Castellani. Jour. Trop. Med. 
and Hyg., 20, 1917, 182; Eberthus prizt- 
nitzi Castellani and Chalmers, Man. 
Trop. Med., 3rd ed.. 1919, 936; Bac¬ 
terium priztnitzi Weldin and Levine, 
Abst. Bact., 7,1923,13; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 186.) From 
cases of paraenteric fever. 

Eberthella proteosimilis Wassilien. 


(Cent. f. Bakt., I Abt., Orig.. 151, 1944. 
423.) Colonies show motility on agar. 
From feces of a dysentery patient. 

Eberthella pyogenes (Migula) Bergey 
et al. (Bacillus pyogenes foetidus Pas- 
set, Fortschr. der Med., 1885; Bacillus 
foetidus Trevisan, I generi e le specie 
delie Batteriacee, 1S89, 16; Bacterium 
pyogenes foetidus Chester, .\nn. Kept. 
Del. Col. .\gr. Exp. Sta., 9, 1897, 141; 
Bacterium pyogenes Migula, Syst. der 
Bakt., 2, 1900, 381; lankoidcs pyogenes 
Castellani and Chalmers, Man. Trop. 
Med., 3rd cd., 1919, 938; Bacillus pyo- 
genes-foctidus Holland. Jour. Bact., 5, 
1920, 220; Bergey et al.. Manual. 1st ed.. 
1923, 226; Castellanus pyogenes Castel¬ 
lani. Cent. f. Bakt., I Abt., Orig., 125. 
1932, 42.) From a rectal abscess. 

Eberthella talavensis (Castellani) Ber¬ 
gey et al. (Bacillus talavensis Castel¬ 
lani, Cent. f. Bakt., I Abt., Orig., 55, 
1912, 262; Eberthus talavensis Castellani 
and Chalmers. Man. Trop. Med., 3r 
ed.. 1919, 936; Bacterium talavensis 
Weldin and Levine, Abst. Bact., 7,19- t 
13; Bergey et al., Manual, 1st ed., 19- , 
225.) From the intestinal eanal. 

Eberthella tarda Assis. (Boletin do 
Inst. Vital, Brazil, 5, 1928.) From t e 

intestinal canal. . . 

Eberthella ivesenbergi (Castellani an 

Chalmers) Hauduroy et al. (5^*^' 
U'esenberg Castellani, 1913; Wesen ergu 
wesenbergi Castellani and Cha ’ 
Man. Trop. Med., 3rd ed., 1919, ' 

Hauduroy et al., Diet. d. Bact. ^ 


1937,191.) 

Eberthella lef/sonii Weldin. ^ g 

belfastiensis V, Wilson, Jour. 

1908, 543; Weldin, Iowa State Col. 

Sci., /, 1926, 174.) From feces. 

Eberthella xenopa Schnre. ^ 

Royal Soc. So. Africa, 17, 

From wound infection in froga. 
Wesenbergus fermenlosus 

and Chalmers. (Man. Trop. ^ 

ed., 1919,940.) Fromblood. . 30 . 

Archibald in the Anglo-Egyp^^*^ 
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Genus II. Shigella Castellani and Chalmers* 

(Castcllani and Chalmers, Man. Trop. Med., 3rd ed., 1919, 936; subgenera, Flex- 
nerella and Shigella, Castellani and Chalmers, ibid., 938; Castellanus Carrutii Jour. 
1 rop. Med. and Hyg., .July 15, 1930; Proshigella Borman, Stuart and Wheeler, Jour. 

Bact., ^8, 1944, 363.) iVarned for Prof. I. Sliiga, the Japanese bacteriologist who dis¬ 
covered the dysentery bacillus in 1898. 

Xon-motile rods, althougli cultures of some of the less well-known species have been 
reported as motile. Produce acid but no gas from carbohydrates except with some 
types of Shigella paradgsenteriae. Do not liquefy gelatin. Some species produce 
acid from lactose and form indole. Some species reduce trimethylamine oxide to 
trimethylamine, others do not.f Some species will grow at 45.5®C (Eijkman tcst).t 
Pathogenic (causing dysenteries) or non-pathogenic species, all living in the bodies 
of warm-blooded animals. Carried by polluted water supplies and by flies. 

The type species is Shigella dysenteriac (Shiga) Castellani and Chalmers. 


Key to the species of genus Shigella.** 

I. No acid from mannitol. 

A. No acid from lactose. Milk not coagulated. 

1. Indole not produced. 

a. Acid but no gas from glucose. 

, 1. Shigella dysenteriae. 

aa. Acid and a small amount of gas from glucose. 

4a. See Shigella paradysenteriae 

(Type Newcastle). 

2. Indole produced. 

2. Shigella ambigua. 

B. Acid formed slowly from lactose. 

1. Indole not produced. 

3. Shigella ginlottensis. 

II. Acid from mannitol (one type produces a small amount of gas). 

A. No acid from lactose. 

1. No acid from rhamnose, xylose or dulcitol. 

4. Shigellaparadysenleriae. 

2. Acid from rhamnose, xylose and dulcitol. 

5. Shigella alkalescens. 

3. Acid from xylose but not from dulcitol. 

6. Shigella pfajfii. 

B. Acid formed slowly from lactose. 

1. Indole not produced. 

a. Acid from rhamnose. None from xylose. 

7. Shigella sonnei. 

aa. No acid from rhamnose. Acid from .xylose. 

8. Shigella equirulis. 

* Completely revised by Dr. Frederick Smith, McGill University, Montreal, P.Q., 

Canada, December, 1938; further revision, April, 1946. 
t Wood, Baird and Keeping, Jour. Bact., 4^, 1943, 106. 
t Stuart and Rustigian, Jour. Bact., 46, 1943, 105. 

*• See Weil, Jour. Immunology, 66, 1947, dQd-405. 
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2. Indole produced, 
a. Acid from dulcitol. 

aa. No acid from dulcitol. 

III. Action on mannitol unknown. 

A. No acid from lactose. 

1. Indole is produced. 


9. Shigella ceylonensis. 
10. Shigella inadampensis. 


11. Shigella septicemiae. 


1. Shigella dysenteriae (Shiga) Cas- 
tellani and Chalmers. (Bacillus of Jap¬ 
anese dysentery, Shiga, Cent. f. Bakt., 
I Abt., 23, 1898, 599; Bacillus dysenteriae 
Shiga, Cent. f. Bakt., I Abt., 24, 1898, 
817; Bacillus japanicus Migula, Syst. d. 
Bakt., 2, 1900, 755; Bacillus shigae 
Chester, Man. Dcterm. Bact., 1901, 228; 
Bacillus dysentericus Buffer and Will- 
more, Brit. Med. Jour., 2, 1909, 862; 
Bacterium dysenteriae Lehmann and 

Neumann,Bakt. Diag.,5 Aufl., 5 , 1912,848; 

not Bacterium dysenteriae Chester, Man. 
Determ. Bact., 1901, 145; Castellani 
and Chalmers, Man. Trop. Med., 3rd ed., 
1919, 935; Bacterium shigae Holland, 
Jour. Bact., 6, 1920, 220; Eberthella 
dysenteriae Bergey et al., Manual, 2nd 
ed., 1925,250.) Latinized, of dysentery. 

Rods: 0.4 to 0.6 by 1.0 to 3.0 microns, 
occurring singly. Non-motile. Gram¬ 
negative. 

Gelatin colonies: Small, grayish, 
smooth, homogeneous, entire to slightly 
undulate. 

Gelatin stab: Grayish surface growth. 
No liquefaction. 

Agar slant: Grayish, filiform to echinu- 
late, smooth, entire to undulate growth. 

Broth: Slightly turbid, with grayish 
sediment. 

Litmus milk; Slightly acid, then alka¬ 
line. 

Potato: Delicate, grayish to slightly 
brownish streak. 

Indole not produced. 

Nitrites produced from nitrates. 

Acid but no gas from glucose, fructose, 
raffinose, glycerol and adonitol. Does 
not attack arabinose, xylose, maltose, 


lactose, sucrose, salicin, mannitol, dul¬ 
citol or rhamnose. 

Does not reduce trimethylamine o.xide 
(Wood et al.. Jour. Bact., 4^, 1943,106). 
Aerobic, facultative. 

Optimum temperature 37'’C. Does 
not grow at45.5°C (Eijkman’s reaction, 
Stuart et al.. Jour. Bact., 4^> 
Serologically homogeneous and differ¬ 
ent from the other species of Shigella. 

Forms a potent exotoxin. 

Source: From widespread epidemics o 

dysentery in Japan. 

Habitat: A cause of dysentery in man 

and monkeys. 


2. Shigella ambigua (Andrewes) Wel- 
lin. (Bazillus Schmitz, Schmitz, 
Jtschr. f. Hyg., 84, 1917, 449; Bacillar 
imbiguus Andrewes, The Lancet, f 
1918,560; Bacillus dysenteriae “Schmitz » 
Vlurray, Jour. Roy. Army ^ ® 
::orps, SI , 1918,257; Bacterium amhigaum 

Levine, Abst. Bact., 4, 

Bacterium ambiguum Chester, De . ^ 
\gr. Exp. Sta. Ann. Kept., ’ 

Eberthella ambigua Bergey et al., 
jal, 1st ed., 1923, 229; Bacillus pu ^ 

lysenteriae X, Stutzer, Cent. f. ® 

L. Orig., 90, 1923, Baclcn^” 

Khmilzii Weldin and Levine, a 
B act., 7, 1923, 13; Weldin, lo''® . 
College Jour. Sci., I, 1927, l''i ^ 
ichmitzH Hauduroy et ah, 

Bact. Path., 1937, 496.) From La 

uncertain. tprsiii* 

Morphology and colony 
iistinguishable from those o 

iysenteriae. rhamnose- 

.Acid from glucose and 
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Does not attack xylose, maltose, lactose, 
sucrose, dextrin, glycerol, mannitol or 
dulcitol. 

Indole is produced. 

Does not reduce trimethylamine oxide 
(Wood et al., Jour. Bact., 40 , 1943, 106). 

Aerobic, facultative. 

Optimum temperature 37®C. Does 
not grow at 45.5®C (Stuart et al., Jour. 
Bact., 46, 1943, 105). 

Serologically homogeneous and differ¬ 
ent from the other species of Shigella. 
Does not form an exotoxin. 

Source: Found in feces in a dysentery 
epidemic in a prison in Germany. 

Habitat: A cause of human dysentery. 

3. Shigella glntottensis (Castellani) 
Hauduroy et al. {Bacillus gintoltensis 
Castellani, 1910; see Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919 , 948; Lankoides gintoltensis Castel¬ 
lani and Chalmers, i6id., 938; Castellanus 
gintoltensis Castellani, 1930; Castellani, 
Jour. Trop. Med. and Hyg., 36, 1933, 
109; Hauduroy et al., Diet. d. Bact. 
Path., 1937,488.) 

Rods: Non-motile. Gram-negative. 

Morphology and cultural characters 
indistinguishable from those of Shigella 
dyaenteriae. 

Litmus milk: Acid and coagulation; 
decolorized. 

Indole not formed. 

Acid, but no gas, from lactose, glu¬ 
cose, arabinose and galactose. No acid 
from sucrose, dulcitol, mannitol, mal¬ 
tose, dextrin, raffinose, adonitol, inulin, 
sorbitol, levulose, inositol, salicin and 
glycerol. 

Antigenic structure not known. 

Source: From feces in cases of dysen¬ 
tery. 

Habitat: A cause of human dysentery. 

4. Shigella paradysenterlae (Collins) 
Weldin. {Bacillus dyaenteriae Flexner, 
Phil. Med. Jour., 6, 1900, 414; Bacillus 
dyaenteriae Hiss and Russell, Medical 
News, 82, 1903, 289; Bacillua dyaenteriae 
Strong, Jour. Amer. Med. Assoc., 55, 


1906, 498; Bacillus paradysenteriae Col¬ 
lins, Jour. Inf. Dis., 2, 1905,620; includes 
weakly toxic strains of dysentery bacilli, 
Groups I and II, Sonne, Cent. f. Bakt., 
I Abt., Grig., 75, 1915, 40S; Shigella 
jlexneri Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 937; Shigella 
dysenleriae (Hiss and Russell, and Strong 
types) Castellani and Chalmers, ibid., 
937; not Shigella paradysenteriae Castel¬ 
lani and Chalmers, ibid., 937\ Bacillus 
jlexneri Levine, Jour. Inf. Dis., 27, 1920, 
31; Bacterium Jlexneri Levine, Abst. 
Bact., 4 , 1920, 15; Bacterium dysenleriae 
(Fle.xner type) and Bacterium paradysen¬ 
teriae Holland, Jour. Bact., 5, 1920, 215; 
Ebertkella jlexneri Weldin and Levine, 
Abst. Bact., 7, 1923, 13; Eberthella para- 
dysenteriae Bergey et al.. Manual, 1st 
ed., 1923, 230; Weldin, Iowa State Col¬ 
lege Jour. Sci., /, 1927, 178.) Latinized, 
like dysentery. 

Rods: 0.5 by 1.0 to 1.5 microns. Non- 
motile. Gram-negative. 

Morphologically these organisms are 
like Shigella dysenleriae. 

Culturally these organisms differ from 
Shigella dysenleriae in that they ferment 
mannitol. No acid is produced from 
lactose, rhamnose, xylose or dulcitol. 

Does not reduce trimethylamine oxide 
(Wood et al., Jour. Bact., 46, 1943, 106). 

Does not form a potent e.xotoxin. 

Aerobic, facultative. 

Optimum temperature 37®C. Does 
not grow at 45.5*C (Stuart et al.. Jour. 
Bact., 4^, 1943, 105). 

Antigenically the organisms of this 
species are not homogeneous. 

Boyd (Trans. Roy. Soc. Trop. Med. 
and Hyg., 55, 1940, 553) has shown that 
the mannitol-fermenting Shigella include 
many organisms previously unknown or 
unclassified because they did not agree 
with the classical types of Andrewes and 
Inman (Med. Res. Council, Special 
Rept. Ser. No. 42, London, 1919). With 
these, on grounds of antigenic structure, 
will be included the gas-forming Man¬ 
chester bacillus of Downie, Wade and 
Young (Jour. Hyg., 55, 1933, 196) and 
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both mannitol-fermenting and non-fer- 
monting Newcastle bacilli (Clayton and 
Warren, Jour. Hyg., 28, 1029, 355 and 29, 
1929, 191). 

The following tables are taken from 
Boyd {loc. cit.). 


Table 1. —Clai^i6cation of Shioella paradysenUriae. 


New Name 

Old Name 

Baciilus dtisenteriae Flexner I 

1 

1 

.4ndrewos and 
Inman V 

(Flexner) 

Bacillus dysiTfUrine Floxnor II 

.^ndrewes and 
Inman W 

(Strong) 

Bacillus dysinteriae Flexner III 

.\ndrewes and 
Inman Z 

Bacillus dysenteriae Flexner IV 

, Type 103 

dysinteriae F'lexner V 

Type P 119 

Bacillus dysenleriat Flexner VI 

8S-Newcastle- 

Monchester 

group 

1 

dyscnUriac Boyd I 

! Type 170 

Bacillus dysenleriae Boyd II 

1 Type P 288 

Bacillus dysenleriae Boyd III 

1 Type Dl 


The six Flexncr types possess a com¬ 
mon group antigen and separate type- 
specific antigens. The three Boyd types 
are distinct antigcnically from each 
other and from the Flexner types. 

Two new Flexner types (Type 953 = 
provisional Type \TI and Type 1296,7 
= provisional Type VIII) have been 
described by Francis (Jour. Path, and 
Bact., 58, 1946, 320) as this section goes 
to press. Also see Boyd (ibid., 297). 


Tadle 2.— Subclaasification of i?oci7/u« dysentrriae 
Flexner VI (including the Newcastle bacillus). 



V 

trt 

0 

w 

Glucose 

' Mannitol 

Dulcitol 

1 

Sucrose 

Indole 1 

Type 88 (33 per 


1 


1 



cent of strains) 


A 

A 




Type 88 (66 per 



1 




cent of strains) 


A 

A 

(late) A 



Mancheetor ba¬ 







cillus. 


AG 

AG 

(late) AG 



Newcastle bacil¬ 







lus. 

— 

AG 

— 

Gate) AG 


— 


Source: From feces in cases of dysen- 
tcrv. 

Habitat: A cause of dysentery in man. 
A cause of summer diarrhoea in children. 

Note: The term Bacillus paradysen- 
teriae is used by Kruse (Munch, med. 
Wchnschr.. 1917, 1309) for the Esche¬ 
richia coli-Wke motile and gas-forming 
Oram-negative rods that have been 
found to cause dysentery-like diseases. 
Kruse (Deut. mod. Wchnschr., 27, 1901, 
388) uses the term pseudodysentery for 
the group that includes the Fle.xner, 
Strong, and Hiss and Russell types. 
See Lehmann and Neumann, Bakt. 
Diag., 7 Aufl., 2, 1927, 456. Gardner 
(Med. Res. Council, System of Bacteriol¬ 
ogy, 4, 1929, 170) states that “Kruse's 
terms B. dysenteriae for Shiga, and Ba¬ 
cillus pscudodysenteriae for the Flcxner- 
Sonne-Schmitz groups have, however, 
never taken root outside the German¬ 
speaking world”. 

4a. Shigella paradysenteriac (Tjpe 
Newcastle). (Clayton and Warren, 
Jour. Hyg., 28, 1929, 355 and 29, 192‘). 
191; Bacillus dysenleriae Flexner \ i** 

part, Boyd, Trans. Roy. Soc. Trop. 
Med. and Hyg.. 33, 1940, 553.) 

Rods; Non-motile. Gram-negative. 

In peptone water solution, lactose, 
mannitol, and sucrose not fermeiite ■ 
Glucose, maltose and dulcitol fermen e ■ 

Peculiarities of the organism are. 
Occasionally a slight bubble of ' 
produced from glucose and dulcito , 
when the substrate is dissolved 
extract broth, glucose, dulcitol an ^ 
tose are always fermented to gas 
acid. . Aq 

Does not reduce trimethylamine • 

(W^ood et al., Jour. Bact., 

Optimum temperature 3< 
not grow at 45.5°C (Stuart et a 
Bact., 4B, 1943, 105). 

Aerobic, facultative. nitol* 

Serologically related to the m 
fermenting strains of Shigella pa^ 
teriae. 
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Source: Isolated in 1925 from a case of 
diarrhoea in Newcastlo-on-Tyne, Eng¬ 
land. 

Habitat: A cause of human dysentery. 

■lb. Shigella paradijsenteriae (Type 
Manchester). (Downie, Wade and 
Young, Jour. Ilyg., 33, 1933, 196; Bacil¬ 
lus dysenteriae Flexner VI in part, Boj-d, 
Trans. Koy. Soc. Trop. Med. and Hvg., 
S3, 19-10, 553.) 

Characters as for Typo Newcastle ex¬ 
cept that acid and gas are produced 
from mannitol. Does not produce gas 
from maltose. 

Serologically related to the non-inanni- 
tol-fermenting strains of Shigella para- 
dysenteriae. 

Source: Five strains were isolated from 
cases of dysentery at Denton near Man¬ 
chester, England. One strain came 
from a case of dysentery in Nigeria. 

Habitat: cause of human dysentery. 

5. Shigella alkalescens (Andrewes) 
Weldin. {Bacillus alkalescens An¬ 
drewes, The Lancet. London, 194, 1918, 
560; Bacterium alkalescens Levine, Jour. 
Inf. Dis., er, 1920, 31; Eberthella alka¬ 
lescens Bergey et al.. Manual, 1st ed., 
1923, 231; Weldin, Iowa State College 
Jour. Sci., I, 1927, 179; Proshigella alka¬ 
lescens Borman, Stuart and Wheeler, 
Jour. Bact., 48, 1944, 363.) From the 
chemical term, alkaline. 

Rods: 0.5 by 1.0 to 1.5 microns, occur¬ 
ring singly and in pairs. Non-motile. 
Gram-negative. 

Gelatin stab: No liquefaction. 

Agar slant; Abundant, transparent, 
often iridescent growth. 

Broth: Turbid. 

Litmus milk: Acid, then alkaline. 

Potato: Moderate, grayish growth. 

Indole is formed. 

Acid but no gas from glucose, xylose, 
rhamnosc, maltose, mannitol and dulci- 
tol. Sucrose is fermented by some 
strains. Does not attack lactose, dex¬ 
trin orsalicin. 

Reduces trimethylamine oxide to tri- 


methylamine (Wood et al., Jour. Bact., 
48, 1943, 106). In contrast to all otlier 
species of the genus, will also produce 
trimethylamine from choline (Wood and 
Keeping. Jour. Bact., 47, 1944, 309). 
.•Aerobic, facultative. 

Optimum temperature 37°C. Grows 
at 45.5®C (Eijkman’s reaction, Stuart 
et al.. Jour. Bact., 46 , 1943, 105). 

Not pathogenic. Not agglutinated 
by Shiga immune serum. 

Source: From feces in cases of dysen¬ 
tery. 

Habitat: Intestinal canal. 

6. Shigella pfaIRi (Hadley etal.) Wel¬ 
din. (Bacillus der kanarienvogelseuche, 
Pfaff, Cent. f. Bakt., I Abt., Orig., 38, 
1905, 276; Bacteriuyn pjajji Hadley, El¬ 
kins and Caldwell, Rhode Island Agr. 
Exp. Sta. Bull. 174, 1918, 169; Bacillus 
pfaffi. Hadley, Elkins and Caldwell, 
ibid., 204; Eberthella pfajfi Bergey et al.. 
Manual, 1st ed., 1923, 232; Weldin, 
Iowa State College Jour. Sci., /, 1927, 
180.) Named for Dr. Franz Pfaff of 
Prague who isolated this species. 

Description largely from Hadley et al. 
{loc. cit., 180). 

Rods; 0.5 by 1.0 to 2.0 microns, occur¬ 
ring singly. Non-motile. Gram-nega¬ 
tive. 

Gelatin colonics: Small, grayish, trans¬ 
lucent. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, yellowish-gray, 
homogeneous, translucent, entire. No 
odor. 

Agar slant: Slight, yellowish-gray, 
translucent streak. 

Broth: Turbid, with flocculent sedi¬ 
ment (Pfaff, loc. cit., 280). 

Litmus milk: Unchanged. 

Potato: Moderate, whitish streak. 

Acid but no gas from glucose, fructose, 
arabinose, xylose, maltose, dextrin, 
salicin and mannitol. Does not attack 
lactose, sucrose, raffinose, inulin, adoni- 
tol or dulcitol. 

Indole not formed. 

No hydrogen sulfide produced. 


540 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Nitrites not produced from nitrates. 
Pathogenic for canaries, sparrows, 
pigeons, white mice, guinea pigs and 
rabbits. Not pathogenic for chickens 
(PfatT. loc. cit., 280). 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: First encountered in an epi¬ 
demic of septicemia in canaries. Caused 
a necrotic enteritis. 

Habitat; Not known from other 
sources. 

7. Shigella sonnei (Levine) Weldin. 
(Duval’s bacillus, Duval, Jour. Amer. 
Med. Assn., 45, 1904, 381; Pseudodysen¬ 
tery bacillus E, Kruse, Deutsche mod. 
Wchnschr., 23, 1907, 292, 338; Bacillus 
ccilvnensis A, Castellani, Jour. Ilyg., 
7, 1907, 1; Group III of Sonne. Sonne, 
Cent. f. Bakt., I Abt., Orig., 75, 1915, 
408; Bacillus dispar (in part) Andrewes, 
Lancet, 1, 1918, oCO (sec Shigella cey- 
loncnsis and Shigella madampensis); Ba¬ 
cillus of Sonne, Thj 0 tta, Jour. Bact., 4, 
1919, 355; Bacterium sonnei Levine, 
Jour. Inf. Dis., 27, 1920, 31; Bacillus 
dysenteriae Sonne, Smith, Jour. Hyg.,f5, 
1924, 94; Weldin, Iowa Sta. Coll. Jour. 
Sci., 1 , 1927, 182; Castellanus kruse- 
castellani Cerruti, Jour. Trop. Med. and 
Hyg., 33, 1930 , 207; Shigella paradysen- 
leriae var. sonnei Bergey et al.. Manual, 
4th ed., 1934, 393; Pros/iij/ef/a sonnei 
Borman, Stuart and Wheeler, Jour. 
Bact., 48, 1944, 363.) Named for Dr. 
Carl Sonne, who worked with this 
organism. 

Rods; Non-motile. Gram-negative. 

Gelatin: No liquefaction. 

Agar colonies: Cultures dissociable 
into two types; ( 1 ) Glistening sur¬ 
face, 2 mm in diameter in 24 hours, soft, 
grayish, edge entire; ( 2 ) Granular sur¬ 
face, 3 to 4 mm in diameter in 24 hours, 
soft, grayish, edge tending to spread un¬ 
evenly, surface developing, after some 
days, papillae (daughter colonies) which 
are lactose-fermenting. Some colonies 
of type 1 change to type 2 on continued 


incubation. The colony types do not 
breed true. 

Broth: Many authors stress the floccu- 
lent growth, associated with spontaneous 
agglutination in saline solution. These 
appear to be dependent on growth condi¬ 
tions and time of incubation. 

Litmus milk: Acid and with about 50 
per cent of strains coagulation. Coagu¬ 
lation tends to occur later than the fer¬ 
mentation of lactose in peptone water. 

Indole is not produced. 

Acid, but no gas, from lactose (about 
2 per cent of strains are lactose-negative 
after 2 months incubation), glucose, 
fructose, maltose, galactose, rhamnose, 
mannitol, arabinose, raffmose and suc¬ 
rose. No acid from dulcitol, inulin, 
inositol, adonitol, xylose (.xylose is occa¬ 
sionally fermented) and salicin. 

Fermentation of substances other than 
the monosaccharides may require dajs 
or weeks. 

Reduces trimethylamine oxide to tn 
methylamine (Wood et al., Jour. Bact., 
4^,1943,106). 

Serologically Shigella sonnei is div 
ible into two types, which do not corre¬ 
spond with the colony types descri c 
above. Most freshly isolated strain 
absorb agglutinins completely from a 
Shigella sonnei antisera, while most stoc 
strains absorb only partially from o c 
than antisera of the second sero ogi 
type. There exist minor serological r - 
lationships between Shigella sonnet an 
Shigella paradysenteriae, Shigella an^ 
lescens and Shigella madamp^^^' 

Optimum temperature 37 C. J 
at 45.5®C (Stuart et al.. Jour. Bact., . 

1943,105). . n. 

Source: From feces in cases ol □J' 

iLbitat; A cause of mild dysenterj m 
man; summer diarrhoea in chi cn 

8 . Shigella equinilis (de 
van Heelsbergen) Edwards, v 
nephritidis equi Meyer, ,22; 

Agr. Kept. Gov. Bac., 

Bacterium viscosum equt 
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Svensk. Veterinartijdskr., 1917,81; also 
see Jour. Comp. Path, and Therap., se, 
1919, 143; Bacillus equuli van Straaten, 
Verslag van den Werkzaamheden der 
Rijksseruminrichting voor 1916-1917, 
Rotterdam, 1918, 75; Bacterium pyosep- 
Itcus cqui de Blieck and van Heelsbergen, 
Tydschr. v. Diergeneesk., 46 , 1919, 492; 
Bacillus equirulis de Blicck and van 
Heelsbergen, ibid., 496; Bacterium pyo- 
septicum viscosum Meissner, Deut. tier- 
artzl. Wchnschr., 29, 1921, 185; Bacte¬ 
rium pyosepticum (viscosum) equi Lutje, 
Deut. tierarztl. Wchnschr., 29, 1921,463; 
Bacterium pyosepticum {viscosum) Meiss¬ 
ner and Bcrge, Deut. tierarztl. Wchn¬ 
schr., SO, 1922,473; Bacterium pyosepti- 

cumMeis8ner,Deut. tierartzl.Wchnschr., 

SI, 1923, 348; Bacterium pxjosepticum equi 
Landien, Inaug. Diss., Hanover, 1923; 
Bacillus pyosepticus Clarenberg, Ztschr. 
f. Infektskr. u. Hyg. d. Haust., 27, 1924, 
193; Bacterium equi Weldin and Levine, 
Abst. Bact., 7, 1923, 13; Eberthella vis- 
cosa Snyder, Jour. Amer. Vet. Med. 
Assoc., 66 , 1925, 481; Shigella equi Wel¬ 
din, Iowa Sta. Col. Jour. Sci., I, 1927, 
121 ; Shigella viscosa Bergey et al., 
Manual, 3rd ed., 1930, 363; Edwards, 
Kentucky Agr. Exp. Sta. Res. Bui. 320, 
1931.) 

While awaiting further information, 
the binomial introduced by Edwards is 
used for this species although Haupt of 
Leipzig points out in a personal com¬ 
munication to Edwards (lOS-l) that van 
Straaten’s original name was Bacillus 
equuli. The binomial Bacillus equirulis 
IS stated to have appeared first in the 
article by de Blieck arid van Heels¬ 
bergen, loc. cit. 

Description from Edwards {loc. cit.). 

Rods: 0.3 to 0.4 by 0.4 to 0.8 micron, 
occurring singly, in chains and filaments. 
Young cultures (8 to 10 hrs.) frequently 
show long filaments and streptococcus¬ 
like chains as well as large, yeast-like 
bodies with projections. Rough mucoid 
colonies consist of short, oval rods. 
Smooth colonies contain long filaments 
and streptococcus-like chains. Rough 


colonies are always mucoid. Non-mu¬ 
coid colonies are always smooth. Cap¬ 
sules described but uncertain. Noii- 
motile. Gram-negati ve. 

Gelatin colonies: Grayish-white, cir¬ 
cular, translucent. 

Gelatin stab; Nail-head, moderate 
growth along line of stab. No lique¬ 
faction. 

Agar colonies: 3 to 5 mm at 48 hours. 
Semi-solid, tough, adherent, circular, 
grayish-white, smooth, moist, glisten¬ 
ing. Rough variants and dwarf colonies. 

Agar slant; Grayish-white, viscid 
growth, covering the surface. Viable 8 
to 10 days. 

Broth: Masses form on side of tube. 
At times a thin grayish pellicle. Gray¬ 
ish, tough, ropy sediment. Eventually 
diffuse turbidity which is highly viscous. 
Viability 2 to 4 weeks. 

Litmus milk: Slowly acidified; slimy, 
viscid. Sometimes coagulation and re¬ 
duction. 

Potato: No visible growth. 

Indole not formed. 

Nitrites produced from nitrates. 
Voges-Proskauer test negative. 

Acid but no gas from glucose, fructose, 
xylose, lactose, galactose, maltose, suc¬ 
rose, mannitol and raffinose. Dextrin 
usually fermented. No action in rham- 
riose, dulcitol, sorbitol or inositol. 
Usually no action in salicin, adonitol 
and arabinosc. 

Does not reduce trimethylamine oxide 
(Wood et al.. Jour. Bact., 46, 1943, 106). 

Does not grow at 45.5®C (Stuart et al.. 
Jour. Bact., 46, 1943, 105). 

Optimum temperature 37®C. 

Aerobic, facultative. 

Not pathogenic for small experimental 
animals. Produces abscesses and stiff¬ 
ening of the joints when injected subcu¬ 
taneously in horses. 

Serologically heterogeneous. Nothing 
is known of its antigenic relations to 
other members of the genus. Haupt 
writes in a personal communication that 
comparative serological studies indicate 
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that tins species sliould be placed in tlie 
genus Aclinobocillus. 

Distinctive cliaracteis: DilTerentiation 
from Shigella sound is made on cultural 
and inori)liologioal grounds and imme¬ 
diate fermentation of lactose. 

Source: Isolated from cases of joint- 
ill in foals. 

Habitat: Causes joint-ill in foals. 

‘J. Shigella ceylonensis (Custellaiii) 
Weldin. (Bacillus reiilnncnsis B, Cas- 
lellani, Jour. Ilyg.. 7, 1907, 1; Bacillus 
(lispar (in j)art) Andrewes. I>ancet, 1. 
191S, 5C0 (see Shigdla maftampcnsis and 
Shigella sound. .-\mlre'.ves included in 
Bacillus (lispar all lactose-fermenting 
members of the dysentery group); 
Lankuidcs ccglonvnsis B. Castellani and 
Clialiners, Man. Troj). .Med., drd ed., 
1019.938; Bherthella di.spar iiergey et al.. 
Manual, 1st cd., I9’i3. 232 (see Shigella 
niadampcnsis)-, Weldin, Iowa Sta. Coll. 
Jour. Sci,. I. 1927, 1S2; <'n.-<lallanus cas- 
lellanii Cerruti. Jour. Trop. Med. ami 
Ilyg., 33, 1930, 207.) Latinized, per¬ 
taining to Ceylon. 

Rods: Xon-inotile. Cl ram-negative. 

Morphology and colony characters 
indistinguishable from those of Shigella 
dysentcriac. 

Gelatin not liciuefied. 

Litmus milk: Acid with C(‘agulation. 

Indole is formed. 

Acid, but no gas, from lactose, glu¬ 
cose, fructose, sucrose, mannitol, dulci- 
tol, maltose, .xylose, arabino.se. rliam- 
nose, sorbitol, raflinose. dextrin and 
glycerol. Inulin, inositol, adonitol and 
salicin not fermented (salicin differen¬ 
tiates Shigella ceylonensis from Bac- 
teriiun coli anacru(jcncs T.embke, .\rch. f. 
Hyg.. 20, 1800, 290). 

Substances other than the monosac¬ 
charides are cliaraeteristically fermented 
slowly. 

Reduces trimethylamine oxide to tri- 
methylamine (Wood et al., Jour. Bact., 
46, 1943, 106). 

Pathogenic for guinea pigs and rabbits. 

Serologically the organism is stated 
by Castellani to be homogeneous and 


completely different from Shigella mad- 
ampensis and Shigella sonnei. The rela¬ 
tions to other members of the dysentery 
group have not been stated. 

Oj)timum temperature 37°C. Grows at 
do.o'^C (Stuart et al., Jour. Bact., 

1943, 105). 

Source; Isolated from the stools and 
intestines of persons suffering from 
dysentery. 

Habitat: A cause of dysentery in man. 

10. Shigella raadampensis (Castellani) 
Weldin. (Bacillus madampensis Cas¬ 
tellani, (.'ent. f. Bakt., I Abt., Orig., 65, 
1912, 202; Bacillus dispar (in part) An¬ 
drewes, Lancet. I, 1918, 5G0 (see Shigella 
ceylonensis and Shigella sonnei)', Ban- 
Icoidt's madampensis Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 191J. 
938; Baeteriurn dispar Levine, Abst. 
Bact., 4, 1920, 15; Eberthella dispar 
Horgey et nl., Manual, 1st eel., 1923, 23 
(see Shigella ceylonensis)', Weldin, lo'va 
Sta. Coll. Jour. Sci.. J, 1027, ISla; Shi¬ 
gella dispar Bergey et al., Manual, r 
ed., 1930,364; Proshigella dispar Borman, 
Stuart and Wheeler, Jour. Bact., 

1944, 363.) 

Xeter (Bact. Rev., 6 , 1942, 26) com- 

bines Shigella ceylonensis and S. ^ 
pensis into a single species whic 
names Shigella castellanii. 

Strains currently existing in 
Type Collections as Bacillus dispar a 
biochemical properties indistinguis a 
from those described for Shigella madam¬ 
pensis (Glynn and Storkey, Jonr. 

37, 1939,315). ... 

Rods: Xon-motile. Gram-negat 

.Morphology and colony Ha 

distinguishable from those ot 
dysenteriae. 

Gelatin not liquefied. 

Indole is formed. . 

IJtmus milk: Acid with coagu a 

Acid, but no gas, from ^^1, 

tosc, sucrose, arabinose, ? ^tose, 

mannitol, rhamnose, glucose, ^ 
galactose and de.xtrin. * fer- 

inulin, inositol and adonitol n 

mented. 
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Substances other than monosaccharides 
are characteristically fermented slowly. 

Reduces trimethylamine o.\ide to tri- 
methylamine (Wood ct al., Jour. Bact., 
46, 1943, 106). 

Serologically the organism is stated 
by Castellani to be homogeneous and 
completely different from Shigella ceij- 
lonensis and Shigella sonnei. According 
to Andrewes {loc. cit.), Bacillus dispar 
is serologically distinct from Shigella 
alkalescens and Shigella paradysentcriae. 
Fifteen strains (Glynn and Starkey, 
loc. cit.) from various sources, labelled 
Bacillus dispar and conforming to the 
above description, proved to be sero¬ 
logically heterogeneous. 

Optimum temperature 37®C. Grows at 
45.5°C (Stuart et al., Jour. Bact., 46, 
1943, 105). 

Source: Isolated from human stools 
and intestines. 

Habitat: Considered by Castellani to 
be a cause of colitis and cystitis. 

11. Shigella septlcaemlae (Bergey et 
al.) Bergey et al. (Bacillus septicaemiae 
anserum exsudalivae Riemcr, Cent. f. 
Bakt., I Abt., Orig., 37, 1904, 648; Eber- 
Ihellasepticaemiae Bergey et al., Manual, 
2nd ed., 1925,250; Bergey et al., Manual, 
3rd ed., 1930, 358.) Latinized, of septi¬ 
cemia. 

Small rods: 0.5 by 1.5 to 2.0 microns, 
occurring singly, in pairs and in threads. 
Motile. Gram-negative. 

Gelatin colonies: Small, white, circular. 

Gelatin stab: Slight, infundibuliform 
liquefaction, becoming complete in sev¬ 
eral weeks. 

Agar colonies: Circular, transparent, 
smooth, homogeneous, entire. 

Agar slant: Soft, grayish-white streak, 
slightly viscid, becoming transparent. 

Does not grow on Endo agar. 

Broth: Slight, uniform turbidity, with 
slight pellicle formation. 

Litmus milk: Unchanged. 

Potato: No growth. 

Blood serum: Yellowish-white streak, 
the medium becoming brownish and 
slowly liquefied. 


Indole is formed after several days. 
Slight acid and no gas from glueo.«p. 
No acid from lactose. 

Hydrogen sulfide is formed. 

Not pathogenic for white mice, guinea 
pigs, chickens or pigeons. Mildly patli- 
< genic for ducks. 

.\erobic. 

Optimum temperature 37°C. 

Source: Isolated from blood, exudates 
and all of the internal organs of geese. 

Habitat; Cause of a fatal septicemia in 
young geese. 

Appendix: The following species are 
also found in the literature. Many are 
incompletely described. 

Bacillus coli dysentericum Ciccha- 
nowski and Nowak. (Cent. f. Bakt., 
I Abt., Orig., 23,189S, 445.) From a cas<* 
of dysentery. 

Bacillus dysenteriae Migula. (Bacil¬ 
lus of Japanese dysentery, Ogata, Cent, 
f. Bakt., 11 , 1892, 264; Bacillus dysen¬ 
teriae liquefaciens Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2 , 1896, 28-1; 
Bacterium dysenteriae liquefaciens Ches¬ 
ter, Ann. Rept. Del. Col. Agr. E.xp. Sta., 
9, 1897, 102; Migula, Syst. d. Bakt., 2 , 
1900,641; not Bacillus dysenteriae Shiga, 
Cent. f. Bakt., I Abt., 24, 1898, 817; not 
Bacillus dysenteriae Hiss and Russell, 
Medical News, 82, 1903, 289; not Bacillus 
dysenteriae Strong, Jour. Amer. Med. 
Assoc., 35, 1906, 498; not Bacillus dysen¬ 
teriae Sonne, Smith, Jour. Hyg., 23, 
1924, 94.) From a case of Japanese 
dysentery. Motile. Gram-positive. 

Bacillus dysentericus Trevisan. (Ba¬ 
cillus der Dysenteric, KIcbs, Cent. f. 
Bakt., 2, 1887, 248; Trevisan, I generi e 
le specie delle Battcriacee, 1889, 14; not 
Bacillus dysentericus Ruffer and Will- 
more, Brit. Med. Jour., 2, 1909, 862.) 
From feces. 

Bacterium pseudodysentericum Kruse. 
(Kruse, Deutsche med. Wchnschr., 27, 
1901, 370, 386; Escherichia pseudodysen- 
leriae Bergey et al., Manual, 1st ed., 
1923, 198.) From feces. Motile. 
Bacterium wakefield Berger. (Jour. 
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Hyg., 44, 1945, 116-119.) From feces. 

A non-mannitol-formenting organism of 
the Floxner group. Wheeler and Stuart 
(Jour. Bact., 51, 1946, 324) regard this as 
an anaerogenic paracolon. 

Shigella albofaciens (Castellanj) Hau- 
duroy et al. (Bacillus albofaciens Cas- 
tollani, Meetings of the Ceylon Branch 
of the British Medical Association, 
1905; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 482.) 

Shigella arabinotarda, types A and B, 
Christensen and Gowen. (Jour. Bact., 
47, 1944, 171-176.) From cases of 
dysentery in U. S. Army in Tunisia. 
A lactose-negative, mannitol-negative 
Shigella. 

Shigella biensiockii (Schroeter) Bergey 
et al. (Bacillus III, Bienstock, Ztschr. 
f. klin. Med., 8,18^; Bacillus coprogenes 
parvus Flijgge, Die Mikroorganismen, 
2 Aufl., 1886, 269; Bacillus biensiockii 
Schroeter, Kryptogamen Flora von 
Schlcsien, 3,1,1886, 103; Bacillus parvus 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 15; not Bacillus parvus 
Neide, Cent. f. Bakt., II Abt., 12, 1904, 
344; Bacterium coprogenes parvus Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 85; Bacterium biensiockii Ches¬ 
ter, Man. Determ. Bact., 1901, 144; 
Eberthella biensiockii Bergey et al., 
Manual, 1st ed., 1923,227; Bergey et al., 
Manual, 3rd cd., 1930,360.) From feces. 

Shigella douglasi (Castellani and 
Chalmers) Hauduroy et al, (Bacillus 
douglasi Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919,946; Hauduroy 
et al., Diet. d. Bact. Path., 1937,484.) 

Shigella elousae Heller and Wilson. 
(Jour. Path, and Bact., 58, 1946, 98.) 
From dysentery outbreak in an army 
camp in England. 

Shigella faecaloides (Castellani) Hau¬ 
duroy et al. (Bacillus faecaloides Cas¬ 
tellani, 1915; see Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
946; Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 488.) 

Shigella giumai (Castellani) Hauduroy 
et al. (Bacillus giumai Castellani, 
Cent. f. Bakt., I Abt., Orig., 66 , 1912, 


264; Wesenhergus giumai Castellani and 
Chalmers, Man. Trop. Med., 3rJ ed., 
1919 , 940; Bacterium giumai Weldin and 
Levine, Abst. Bact., 7, 1923, 15; Sal¬ 
monella giumai Bergey et al., Manual, 
1st ed., 1923, 220; Hauduroy et ah, 
Diet. d. Bact. Path., 1937, 488.) 

Shigella lunavensis (Castellani) Hau¬ 
duroy et al. (Bacifius lunavensis Cas¬ 
tellani, Cent. f. Bakt., I Abt., Orig., 65, 
1912, 264; Bacterium lunavensis Weldin 
and Levine, Abst. Bact., 7, 1923, 16; 
Hauduroy et ah, Diet. d. Bact. Path., 
1937, 489.) From feces. 

Shigella metadysenlerica var. A,B, C, 
and D (Castellani) Hauduroy et ah 
(Bacillus meladysenlericus var. A, B, C, 
and D, Castellani, 1904; see Castellam 
and Chalmers, Man. Trop. Med., 3r 
ed., 1919, 946; Dysenteroides jneladysen- 
tericus var. A, B, C, and D, Castellani 
and Chalmers, Ann. Inst. Past., 34,192 > 

607; Castellanus meladysenlericus Cas¬ 
tellani, 1930; Hauduroy et ah, Diet. d. 
Bact. Path., 1937, 489.) From cases ot 

dysentery. 

Shigela negomhensis (Castellani) 
duroy et ah (Bacillus negomhensis 
Castellani, Cent. f. Bakt., I Abt., Ong^, 
65, 1912 , 262; Hauduroy et ah, Diet. • 
Bact. Path., 1937, 490.) 

Shigella oxygenes (Ford) Bergey e a 
(Bacterium oxygenes Ford, Studies r 
the Royal Victoria Hospital, Mon r , 
1, No. 5. 1903 , 47; Eberthella 
Bergey et al.. Manual, 1st ed., » 
Bergey et ah. Manual, 3rd ed., 


) From feces. p ^ 

higella piscatora Bois and 
.turaliste Canadieo, 71, if ; ^ 
m the intestine of a codfish ( 

czrios L*)* . »\ 

higella tangallensis (Castellani 

oy etal. (W/us ianffu^ 

aai. Cent. f. Bakt.. I Abt.. Ongf ;■ 

!, 266; Hauduroy et al., 

:t. Path., 1937, 497.) f 

higella tarda (Castellam) ^ ^ 7 . 

.1. (Bacillus tardus Castell^. 

Castellani and 

ip. Med., 3rd ed., Ifl 9 ,954, ^ 
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FAMILY XI. PARVOBACTERIACEAE RAHN.* 

(Cent, f, Bakt., II Abt., 96, 1937, 281.) 

Small, motile or non-motile rods. Gram-negative. Some will grow on ordinary 
media, but the majority either require or grow better on media containing body 
fluids or growth-promoting substances. Some invade living tissues. Usually do 
not liquefy gelatin. No visible gas formed in the fermention of carbohydrates. 
Infection in some cases may take place by penetration of organisms through mucous 
membranes or skin. Parasitic to pathogenic on warm-blooded animals, including 
man. 


Key to the tribes of family Parvobacterlaceae. 

I. Usually grow on ordinary media. 

A. Aerobic to facultative anaerobic. 

1. Show bipolar staining. Majority ferment carbohydrates. 

Tribe I. PasteureUeae, p. 515. 

2 . Do not show bipolar staining. None ferment carbohydrates. 

Tribe 11. Brucelleae, p. 560. 

B. Anaerobic. 

Tribe III. Bacteroideae, p. 564. 

11. On first isolation dependent on some factor or factors contained in blood or plant 
tissues. Aerobic to anaerobic. 

Tribe IV. Hemophileae, p. 584. 


TRIBE I. PASTEURELLEAE CASTELLANI AND CHALMERS. 

(Man. Trop. Med., 3rd ed., 1919, 943.) 

Small, motile or non-motile, ellipsoidal to elongated rods showing bipolar staining. 

Key to the genera of tribe PasteureUeae. 

I. Milk not coagulated. 

A. Causes hemorrhagic septicemia, pseudotuberculosis, tularemia or plague. 

Genus I. Pasteurella, p. 546. 

II. Milk coagulated slowly and sometimes digested. 

A. Causes glanders or glanders-like infections. 

Genus II. Malleomyces, p. 554. 

III. Milk unchanged to slightly acid. 

A. Associated with actinomycosis in cattle and in man. 

Genus III. Actinobacillus, p. 556. 


• Revised by Prof. E. G. D. Murray, McGill University, Montreal, Canada with the 
collaboration of Prof. Karl F. Meyer, Hooper Foundation, San Francisco, California; 
Prof. W. A. Hagan, Cornell University, Ithaca, New York; Dr. Alice C. Evans and 
Dp. Margaret Pittman, National Institute of Health, Washington, D. C.; Prof. I. F. 
Huddleson, Michigan State College, East Lansing, Micliigan; and others, December. 
1938. 
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Genus 1. Pasteurella Trevisan* 

{Octopsis Trcvisar], Atti della Accad. Fisio-Mcdico-Statistica, Milano, Ser. 4,5,1885, 
102; Trevisan, Rendiconti Reale Instituto Lombardo di Scienze e Lettcre, 1887,94; 
Cuccohacillus Gainaleia, Cent. f. Bakt., 4, 1888, 167; Eucystia Enderlein, Sitzber. 
Gesell. N’aturf. Freunde, Berlin, 1917, 317.) Named for Louis Pasteur, the French 
scientist. 

Small, Gram-negative, ellipsoidal to elongated rods showing bipolar staining by spe¬ 
cial methods; aerobic, facultative; may require low oxidation-reduction potential 
on primary isolation; majority ferment carbohydrates but produce only a small 
amount of acid; no or slight lactose fermentation; no gas production; gelatin not 
liquefied; milk not coagulated; parasitic on man, other mammals and birds. 

The type species is Pasteurella muliocida (Lehmann and Neumann) Rosenbusch 
and Merchant. 


Key to the species of genus Pasteurella. 




Growth on ordinary media. Growth in milk. 

A. Non-motile and non-flagellated at 18® to 26®C. No change or slight acid in 
milk without coagulation. 

1. Indole and HiS produced. No growth in bile. Sorbitol fermented. No 

hemolysis on blood agar. 

1. Pasteurella multocida. 

2. Indole not formed. Hemolysis produced on blood agar. 

2. Pasteurella hemolytica. 

3. Neither indole nor IIjS pn)duced. Growth in bile. Sorbitol not fermented. 

No hemolysis. 


3. Pasteurella pestis. 

B. Motile and flagellated at 18® to 26®C. Milk alkaline. Hydrogen sulfide pro¬ 
duced. Indole not formed. 


4. Pasteurella pseudotuberculosis. 
No growth on plain agar or in liquid medium without special enrichment, 
growth in milk. 



5. Pasteurella tularensis. 


1. Pasteurella multocida (Lehmann 
and Neumann) Rosenbusch and Mer¬ 
chant. (Virus der Wildseuche, Hueppe, 
Berlin, klin. Wochnschr., 2 S, 1886, 797 ; 
Bactdrie ovoide, Ligni^res, Recueil de 
M^d. V^tdr., 75, 1898, 836 (Bull. Soc. 
Centr. M^d. V^t<5r., N. S. 60, 1898, 836); 
Bacillus septicaemiae haemorrhagicae 
Sternberg, Man. of Bact., 1893. 408; 
Bacterium septicaemiae hemorrkagicae 
Lehmann and Neumann, Bakt. Diag., 
2 Aufl., 2 , 1899, 194; Bacterium multoci- 


dum Lehmann and Neumann, ibid., 196. 
Bacillus plurisepticus and Bacteriu^a 
avicidum Kitt, in Kolle and Wassermann, 

Handb. d. path. Mikroorg., 1 Aufl-. 
1903, 562; Bacillus pleurisepticus Jordan, 
General Bact., 1st ed., 1908 ,289; 
bipolaris septicus Hutyra, in Kolle an 
Wassermann, Handb. d. path. Mikm^*’^’ 
2 Aufl., 6, 1913, 67; Bacillus 
plurisepticus Hutyra, ibid.; Pasteure 
seplica Topley and Wilson, ^ 

Bact. and Immun., 1 st ed., L 193 , 



• Rearranged by Mrs. Eleanore Heist Clise, New York State Experiment ’ 
Geneva, New York, in accordance with the suggestions of Mr. Philip C. Harvej » 
Hr. Mark Welsh, Pearl River, New York, November, 1945. 
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Pasteurella plurisepdca Gay et al., 
Agents of Disease and Host Resistance, 
1935, 730; Uosenbusch and Merchant, 
Jour. Bact., 57, 1939, So.) From Latin, 
killing many. 

The following arc regarded as identical 
•nth the above but are arranged here 
iccording to source: 

Pasteurella bollingeri Trevisan. (Mi- 
croparasiten bei eine neue Wild- und 
Ilinderseuche, Bollinger, tlber cine neue 
Wild- und Rindcrseuche unsw., Miin- 
chen, 1878; Bacterium bipolare multo- 
cidum Kitt, Sitz. Gesell. Morphol. u. 
Physiol., Munchen, 1 , 1S85, 24; Trevisan, 

1 generi e le specie delle Batteriacee, 
1889 , 21; Bacillus boviseptic^is Kruse, 
in Fltigge, Die Mikroorganismen, 3 Aufl., 
S, 1896, 421; Bacterium boviseplicus 
Chester, Ann. Rept. Del. Coi. Agr. Exp. 
Sta., 9, 1897 , 81; Bacterium mullocidum 
Lehmann and Neumann, Bakt. Diag., 

2 Aufl., B, 1899, 196; Iji Pasteurella bo¬ 
vine, Lignicres, Rccucil de Mdd. V(5t(5r., 
77, 1900, 537; Bacillus bipolaris bovisep¬ 
licus Hutyra, in Kolle and Wassermann, 
Handb. d. path. Mikroorg., 2 Aufl., 6 , 
1913, 67; Pasteurella boviseplica Holland, 
Jour. Bact., 6 , 1920, 224; Pasteurella 
bovium Hutyra, in Kolle, Kraus und 
Uhlenhuth, Handb. d. path. Mikroorg., 

3 Aufl., 6 , 1927-1929, 487; Pasteurella 
ferarum Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 316.) From domestic cattle 
and deer. 

Pasteurella avicida (Gamaleia) Trevi¬ 
san. (Microbe du cholera des poulcs, 
Pasteur, Compt. rend. Acad. Sci., Paris, 
90, 1880, 239, 952 and 1030; Granules of 
fowl cholera, Salmon and Th. Smith, 
U. S. Dept. Agr. Ann. Rept., 1880, 438; 
Micrococcus cholerae gallinarum 25opf, 
Dio Spaltpilze, 3 Aufl., 1885, 57; Octopsis 
cholerae gallinarum Trevisan, Atti della 
Accad. Fisio-Mcdico-Statistica, Milano, 
Ser. 4 , 5, 1885, 102; Bacillus cholerae 
gallinarum Fltigge, Die Mikroorganismen, 
2 Aufl., 1886, 253; Bacterium cholerae 
gallinarum Schroetcr, Kryptogamcn 
Flora von Schlesicn, 5, 1, 1886, 165; 
PlUhneicbolcrabactoricn, Kitt, Cent. f. 


Bakt., 1 , 1887,305; Pasteurella cholerae 
gallinarum Trevisan, Rendiconli Rcalc 
Institute Lombardo di Scienze c Letterc, 
1887, 94; Coccobacilhis avicidus Gaina- 
Icia, Cent. f. Bakt., 4, 1$88,167; Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 21; Bacterium avicidum Kitt, ac¬ 
cording to Chester, Man. Dcterni. Bact ,, 
1901, 135; Bacterium cholerae Chester, 
idem; Bacillus aviseplicusuui} Bacterium 
avisepticum Kitt, in Kolle and Wasser- 
inann, Handb. d. path. Mikroorg., 1 
Aufl., 2 , 1903, 544; not Bacillus avi- 
septicus Chester, loc. cit., 220; Pasleu- 
rclla avium Kitt, loc. cit., 502; Pasleu- 
rella gallinae Besson, Practical Bac¬ 
teriology, London and New York, 1913, 
447; Pasteurella cholerae-gallinanm 
Winslow et al.. Jour. Bact., 2, 1917, 561; 
Bacillus cholcrae-gallinarum Holland. 
Jour. Bact., 5, 1920, 217; Pasteurella 
aviseplica Holland, ibid., 224.) From 
fowls. 

Pasteurella cuniculicida (Fltigge) 
Trevisan. (Sopticamiehacterien, GafT- 
ky, Mit. kaisorl. Gesundheitsande, /, 
1881, 98; Bacillus cuniculicida Fltigge, 
Die Mikroorganismen, 2 Aufl., 1886, ’251; 
Trevisan, 1 generi e le specie delle Bat¬ 
teriacee, 1889 , 21; Bacterium scptichae- 
miae Schroetcr, Kryptogamcn Flora von 
Schlesicn,5,1,1889,155; Bacterium cunic¬ 
ulicida Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, SO; not Bacterium 
cuniculicida Chester, Man. Dcterni. 
Bact., 1901,140; Bacilluscuniculiseplicus 
Kitt, in Kolle and Wassermann, Ilundh. 
d. path. Mikroorg., 1 Aufl., 2 , 1903, 562; 
Bacterium lepisepticum Ferry and Hos¬ 
kins, Jour. Lab. and Clin. Med., 6 , 1920, 
311; Bacillus bipolaris seplicus and 
Bacillus lepiseplicus Ford, Textb. of 
Bad., 1927, 591; Pasteurella tepiscplica 
Holland, Jour. Bact., 6 , 1920, 221; Pas¬ 
teurella cuniculi Schiitze, Med. Res. 
Council, Syst. of Bad., London, 4 , 1929, 
469; Bacterium leporisepticum Haudu¬ 
roy et al., Did. d. Bact. Path., 1937, 
314.) From rabbits. 

Pasteurella suilla Trevisan. (Rotli- 
laufstabchen, Loeffler, Arb. kaiscrl. Go- 
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sundheitsamte, 1, 1886 , 51; Rothlauf- 
bacillen, SchQtz, ibid., 74; Bacillus of 
swine plague, Salmon, Kept. U. S. Dept. 
Agr., Bur. An. Ind., 1886 , 87; Bacillus 
parcus ovatus Fliigge, Die Mikroorganis- 
men, 2 Aufl., 1886, 273; Trevisan, Reale 
Institute Lombardo d. Sci. e Let. Rend., 
Ser. 2, 20, 1887, 94; Bacterium suicida 
Migula, in Engler and Prantl, NatiirL 
Pflanzenfam., i, la, 1895, 27; Bacillus 
suisepticus Kruse, in Flugge, Die Mikro- 
organismen, 3 Aufl., 2 , 1896, 419; Bac¬ 
terium suisepticus Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 80; La 
Pasteurella porcine, Lignieres, Recueil 
de M^d. V^t^r., 77,1900,391; Pasteurella 
suiseptica Holland, Jour. Bact., 5, 1920, 
220; Pasteurella suum Hutyra, in Kolle, 
Kraus and Uhlenhuth, Handb. d. path. 
Mikroorg., 3 Aufl., 6 , 1927-1929, 487.) 
From swine. 

Bacterium bovicida Migula. (Microbo 
del barbone dei bufali, Oreste Armanni, 
Atli. d. R. Istit. d’incoragg. alle scienze 
uatur. ecenom. e techno!., 1887; Letta 
nella tornata Accad., Sept. 16, 1886; 
Cent. f. Bakt., 2 , 1887, 50; Atti della 
Commissione per le malattie degli ani- 
mali, 121 , 1887; Migula, Syst. d. Bakt., 
2 , 1900, 366; Pasteurella bubalseplica 
Kelser, Man. Vet. Bact., 1st ed., 1927, 
195; Bacillus bubalsepticus Kelser, ibid.; 
Bacillus bipolaris 6u6a/isepticus Haudu- 
roy etaL, Diet. d. Bact. Path., 1937, 312.) 
From buffaloes. 

Pasteurella viluliseptica (Kitt) Ford. 
(Bacillus vitulisepticus Kitt, in Kolle 
and Wassermann, Handb. d. path. Mi¬ 
kroorg., 1 Aufl., 2 , 1903, 562; Bocterjum 
vitulisepticum Lehmann and Neumann, 
Bakt. Diag., 5 Aufl., 2, 1912, 282; Ford, 
Textb. of Bact., 1927, 597.) From 
calves. 

Pasteurella muricida Meyer and Batch- 
elder. (Meyer and Batchelder, Jour. 
Inf. Dis., S9, 1926, 386; Pasteurella 
muriseptica Topley and Wilson, Princip. 
Bact. and Immun., 1st ed., i, 1931, 482; 
not Pasteurella muriseptica Bergey et al., 
lat ed., 19^, 265 (Bacillus murisepticus 
Flllgge, Die Mikroorganismen, 2 Aufl., 


1886, 250; Erysipelothrix muriseptica 
Bergey et al., Manual, 2nd ed., 1925, 
380).) From wild rats. 

Bacillus bipolaris der malignen Meer- 
schwei nchen-Phlegmasie of Heymann and 
Kyriasides, Ztschr. f. Hyg., 114> 1032,119 
(Klebsiella caviae Hauduroy et al., Diet, 
d. Bact. Path., 1937, 261) is stated by the 
original authors to be closely related to 
this organism. 

Plasaj and Pribram (Cent. f. Bakt., I 
Abt., Orig., 87, 1921, 1) also present a 
classification of the hemorrhagic septi¬ 
cemia bacteria. 

Description from Schiitze (Med. Res. 
Council, Syst. of Bact., London, 1929, 
451) who prepared it from studies of 230 
strains described by 17 authors during 
the years 1908-1926. 

Short ellipsoidal rods: 0.3 to 1.25 
microns in length, occurring singly, m 
pairs, rarely in chains. Show bipolar 
staining. Non-motile. Gram-negative. 

Gelatin: No liquefaction. 

Agar: Fine translucent growth. Char¬ 
acteristic odor. 

Broth: Uniform turbidity. Charac¬ 


teristic odor. 

Milk: No change in reaction, 
coagulation. 

Potato: No visible growth. 


Indole is formed. 

Nitrites are produced from nitrates- 
Hydrogen sulfide is produced. 

No hemolysis on blood agar. 

Acid but no gas from glucose, manmto 
(usually), sucrose, fructose, sorbito^ 
galactose, mannose, xylose (usually) 
trehalose (usually). No acid from lac 
tose, dulcitol, arabinose (usually), 
dalin, maltose (usually), raffinose, 
rhamnose, adonitol, dextrin, inulin, g X® 

erol, salicin (usually) or 

Optimum temperature 37®C. Ki ® 


at temperatures above 45*C. 

Aerobe to facultative anaerobe. ^ 
Three serological types have 

found on the basis of affilutination e 

(Little and Lyon, Amer. Jour. Vet. 

4, 1943, 110). 
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Virulent for laboratory animals, espe¬ 
cially mice and rabbits. 

Distinctive characters: Grows on or¬ 
dinary media. Bile salts inhibit growth. 

Source: From numerous domestic ani¬ 
mals and fowls, including cat, dog, cattle, 
horse, goat, sheep, pig, rabbit, chicken, 
and from reindeer, buffalo, rat, etc. 

Habitat: The cause of hemorrhagic 
septicemia in birds and mammals. 

2. Pasteurella hemol 3 ’t!ca Newsom and 
Cross. (Jour. Amer. Vet. Med. Assoc., 80 
(N.S. SS), 1932, 715.) From M. L., 
hemolytic. 

Bipolar staining. 

Blood agar: Hemolysis. 

Indole not formed. 

Acid from dextrin, fructose, galactose, 
glucose, glycerol (usually), inositol, lac¬ 
tose (usually), maltose, mannitol, raf- 
finose, sorbitol, sucrose and xylose. No 
acid from arabinose, dulcitol, inulin, 
mannose, rhamnose or salicin. 

No cross-agglutination between Pas- 
ieurella muUocida and this species. 

Avirulent for rabbits. 

Source: Twenty strains isolated from 
pneumonia in sheep and cattle. 

Habitat: Occurs in pneumonia of sheep 
and cattle. 

3. Pasteurella pestls (Lehmann and 
Neumann) Holland. (Bacille de la peste, 
Yersin, Ann. Inst. Past., 8 , 1894 , 666; 
Pest Bacillus, Aoyama, Ztschr. f. Hyg., 
Si, 1895, 165; Bacterium 'pestis Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., S, 
1806, 194; Bacillus peslis bubonicae 
Kruse, in FlUgge, Die Mikroorganismen, 
3 Aufl., S, 1896, 429; Bacterium pestis 
bubonicae Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 81; Bacillus 
pestis Migula, Syst. d. Bakt., £, 1900, 
749; Eucyslia pestis Enderlcin, Sitzber. 
Gesell. Naturf. Freunde, Berlin, 1917, 
317; Holland, Jour. Bact., 6 , 1920, 219; 
Coccobadllus yersini Neveu-Lemaire, 
Precis Parasitol. Hum., 6th ed., 1921, 
20.) From Latin peslis, plague. 

Bods: 1.0 by 2.0 microns, occurring 


singly. Non-motile. Polar staining. 
Characteristic bladder, safety-pin and 
ring involution forms. Gram-negative. 

Gelatin colonies: Flat, gray, with 
granular margin. 

Gelatin stab: Flat surface growth. 
Arborescent growth in stab. No lique¬ 
faction. 

Agar colonies: Grayish-white, translu¬ 
cent, irridescent, undulate. 

Agar slant: Growth grayish, viscid, 
thin, moist, translucent. Growth slow, 
favored by the addition of blood or so¬ 
dium sulfite. 

Broth: Turbid or clear with flocculi 
in the fluid. Old cultures show a pellicle 
with streamers into the fluid (stalac¬ 
tites). Becomes alkaline more slowly 
than Pasteurella pseudotuberculosis. See 
Bessonowa and Lenskaja, Cent. f. Bakt., 
IAbt.,Orig., U9, 1930, 430. 

Litmus milk: Slightly acid or un¬ 
changed. No coagulation. 

Potato: Scanty, grayish growth. 

Indole not formed. 

Lactose and rhamnose not attacked. 
Variable action on glycerol. 

Nitrites are produced from nitrates. 

Temperature relations: Optimum 25® 
to 30®C. Minimum 0®C. Maximum 43® 
to 45®C. 

Aerobic, facultative. 

Source: Buboes, blood, pleural effusion, 
spleen and liver of infected rodents and 
man. Sputum in pneumonic plague. 
Infected fleas. 

Habitat: The causative organism of 
plague in man, rats, ground squirrels and 
other rodents. Infectious for mice, 
guinea pigs and rabbits. Transmitted 
from rat to rat and from rat to man by the 
infected rat flea. 

Note: Pasteurella peslis and Pas¬ 
teurella pseudotuberculosis are not defi¬ 
nitely distinguishable by serological 
methods (Sehtitze, Med. Res. Council, 
Syst. of Bact., London, 4 , 1929, 478, and 
Wu Lien-teh, in Chun, Pollitzerand Wu, 
“Plague,” National Quarantine Service, 
Shanghai, 1936). Malachite-green broth 
slowly decolorized by Pasteurella peslis 
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and quickly by P. pseudoluberculosis; 
same for methylene blue, Janus green 
and thioniii. No growth on Bessonowa 
media (pH 5.9). See Yersinia, p. 703. 

4. Pasteurella pseudotuberculosis 

(Eisenberg) Toplcy and Wilson. (Ba¬ 
cillus der pseudotubcroulose, Pfeiffer, 
Ueber die bacillare Pseudotuberculose bei 
Xagetieren, Leipzig, 1S89; Bacillus pseu¬ 
dotuberculosis Eisenberg, Bakt. Diag., 
3 Aufl., 1891, 294; Streptobacillus pseudo- 
tuberculosis rodentiurn Preisz, Ann. Inst. 
Past., 8 , 1894 , 231; Bacterium pseudo¬ 
tuberculosis rodentiurn Lehmann and 
Neumann, Bakt. Diag., 1 Aud., 2, 1896, 
302; Bacillus pseudoluberculosis roden- 
tiwn Lehmann and Neumann, ibid., 429; 
Bacterium pseudoluberculosis Migula, 
Syst. d. Bakt., 2 , 1900, 374; Conjnebac- 
ierium rodentiurn Bergey et ah, ^Lanual, 
1st ed., 1923, 380; Corynebacterium 
pseudotuberculosis Bergey et ah. Manual, 
2nd cd., 1925, 394; Topley and Wilson, 
Princip. Pact, and Iminun., 1st ed., 2, 
1931, 825; Corynebacterium pseudolu¬ 
berculosis rodentiurn Kelser, Man. Vet. 
Bact., 2nd ed., 1933, 319; Malleomyces 
pseudoluberculosis rodentiurn Pribram, 
Klassifikation d. Schizomycctcn, 1933, 
93.) Latinized, false tuberculosis. 

Bacillus tuberculosis zoogloeicae Malas- 
sez and Vignal (Ann. de Physiol., 1883, 
370) is considered identical with this 
species by Hauduroy et al. (Diet. d. 
Bact. Path., 1937, 162). 

The original tabular description by 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 294 
is very incomplete. Description taken 
from Topley and Wilson, Princip. Bact. 
and Immun., 2nd ed., 1936, 607 and 
Bessonowa, Lenskaja and Molodtzowa, 
Office Internat. dTIyg. PubL, 29, 1937, 
2106. 

Small rods: Variable in size and shape. 
Ellipsoidal or coccoid forms 0.8 by 0.8 
to 2.0 microns, with rounded ends, occur¬ 
ring singly. Rod-shaped forms 0.6 by 
1.5 to 5.0 microns, with rounded ends, 
occurring singly, in groups or in short 
chains. Occasionally long curved fila¬ 


ments. Motile (Weitzenberg, Cent. f. 
Bakt., I Abt., Orig., 133, 1935, 343). 
Non-acid-fast. Gram-negative. 

Gelatin stab: .After 7 daysat 22“C, good 
filiform growth extending to bottom of 
tube. No liquefaction. 

.\gar colonies: After 24 hours at 37®C, 
circular, 0.5 to 1.0 mm in diameter, 
umbonate, granular, translucent, gray¬ 
ish-yellow, butyrous; edge entire; dull, 
finely granular or beaten-copper surface; 
differentiated into a raised, more opaque 
center and a flat, clearer periphery with 
radial striation. 

-Vgar slant: After 48 hours at 37'’C, 
growth moderate, confluent, raised, gray¬ 
ish-yellow, translucent, with glistening, 
wavy or beaten-copper surface and an 
irregularly lobate edge. 

Blood agar plate: Good growth. No 
hemolysis. 

Broth: After 24 hours at 37°C, mod¬ 
erate growth with moderate turbidity 
which later clears. Viscous sediment. 
Incomplete surface and ring growth. 
Becomes alkaline more rapidly than 
Pasteurella pestis. 

Potato: After 7 days at 22®C, a thin 
yellowish membrane which later turns 
browm. 

Indole not formed. 

Litmus milk: Usually slightly alkaline. 

Nitrites produced from nitrates. 

Ammonia is produced. 

Acid but no gas from glucose, maltose, 
mannitol, salicin, arabinose, xylo^- 
rhamnose and glycerol. Sometimes aci 
from sucrose. 

Hydrogen sulfide produced. 

Catalase positive. 

Methyl red positive. 

Methylene blue is reduced. 

Voges-Proskauer test negative. 

Temperature relations: Optimum 

Minimum 5“C. Maximum 43®C. ® 

mal death point 60°C for ten minutes- 

Pathogenicity: The cause 
neous disease in rabbits, rats and 
pigs. Infectious for mice, rats, ^ 
cats and horses. 

Aerobic, facultative. 
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Source: From a guinea pig inoculated 
with material from a horse suspected of 
having glanders. 

Habitat: Lesions in natunil disease in 
animals. Causes pscudotuberculosis in 
rodents, especially guinea pigs. 

5. Pasteurella tularensis (McCoy and 
Chapin) Bergey et al. {Bacterium tula- 
Tense McCoy and Chapin, Jour. Inf. Dis., 
lOj 1912, 61; McC>)y and Chapin, Public 
Health Bull. 53, U. S. Treas. Dept., 
Public Health Service, 1912, 17; Bacillus 
tularense Vail, The Ophthalimc Record, 
23, 1914, 487; also Francis, U. S. 

Hygienic Lab. Bull. 130, 1922; Bergey 
et al., Manual, 1st ed., 1923, 267; Bru¬ 
cella lularensis Topley and Wilson, 
Princip. Bact. and Immun., 1st cd., I, 
1931, 509; Coccobaclerium tularerise Galli- 
Valerio, Schweiz, med. Wochnschr., 68 , 
1938, 1206.) From Tulare, the county in 
California in which the disease was first 
observed. 

Description taken from McCoy and 
Chapin (/oc. cil.) and Francis {loc. cit.). 
Further revision by Francis, 1947. 

Equal numbers of cocci and rods; 0.2 
by 0.2 to 0.7 micron, occurring singly. 
Bipolar staining may occur. Capsules 
rare or absent. lixtremely pleomorphic 
(Hessclbrock and Foshay, J. Bact. 49, 
1915,209) Non-motile. Gram-negative. 

No growth on plain agar or in 
liquid media without special enrichment. 
(Tamura and Gibby, J. Bact. 45,1943,361) 
Filterable through Berkefeld filters. 

Growth occurs on coagulated egg-yolk 
(McCoy and Chapin, loc. cit.), on blood- 
glucose-cystinc agar (Francis, loc. cil.), 
on blood agar, glucose-blood agar and 
glucose serum agar. The addition of 
fresh sterile rabbit spleen to the surface 
of the last three media favors the growth 
of the organism. 

Forms minute viscous colonies after 2 
to 6 days which may attain a diameter of 
4 mm if w’cll separated. Growth readily 
emulsifiablc. 

Growth on blood media is gray. May 
cause green discoloration of the blood. 


Rough, smooth and mucoid variants 
have not been reported. 

Slight acid without gas may be pro¬ 
duced from glucose, glycerol, maltose, 
mannose, fructose and dextrin. 

Growth soluble in sodium ricinoleate. 

Hydrogen sulfide produced in a cystine 
medium. 

.\crobic. No growth anaerobically. 

Optimum temperature 37®C. Thermal 
death point .56®C for ten minutes. Sur¬ 
vives best at' low temperatures, even 
-70"C. 

Pathogenicity: Penetrates unbroken 
skin to cause infection. Buboes and 
areas of necrosis produced in human and 
animal tis.sue. Infectious for man and 
most rodents, including rabbits, guinea 
pigs, rats, mice, squirrels, ground hogs, 
muskrats, beavers, water rats and 
lemmings. 

Source: Originally isolated from Cali¬ 
fornia ground squirrels and later from 
more than 30 other forms of wild life in 
the United States and elsewhere. Found 
in lesions in man and animals with natu¬ 
ral or experimental infections. Espe¬ 
cially the liver, blood, lymph nodes, and 
spleen of animals. 

Habitat: The cause of tularemia in 
man and transmitted from wild animals 
to man by blood-sucking insects, by con¬ 
tact with infected animals, or by drinking 
water. Disease known in North America, 
Japan, Russia, Norway, Sweden, Austria, 
Turkey, Czechoslovakia and Central 
Germany. See Burroughs, Holdenreid, 
Longanccker and Meyer, Jour. Inf. Dis., 
76, 1945, 115 for a complete list of known 
vertebrate hosts. 

Appendix: The following organisms 
nmy be identical with some of those 
listed above or related to them: 

Bacillus coscoroba Trdtrop. (Trdtrop, 
Ann. Inst. Past., 14, 1900, 224; not Bacil¬ 
lus coscoroba MacConkey, Jour. Hyg., 6 , 
1906, 397.) The cause of swan cholera 
in the Antwerp Zoological Garden. 
Trdtrop’s description is that of a Pas¬ 
teurella as is pointed out by Castellani 
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and Chalmers (Man. Trop. Med., 3rd ed., 
1919, 941). The organism described by 
Trctrop clearly was not the same as that 
in the culture sent by Binot of the Pas¬ 
teur Institute to MacConkey and de¬ 
scribed by him {loc. ci(.) as a member of 
the coliform group. Because of Mac- 
Conkey’s studies, the Binot culture lias 
been accepted as determining the nature 
of Bacillus coscoroba in many subsequent 
studies of the coliform group, e.g., Bergey 
and Deehan, Jour. Med. Res., 19, 1908, 
182; Levine, Amer. Jour. Pub. Health, 
7, 1917, 785; Winslow, Kligler and Roth- 
bcrg, Jour. Bact., 4, 1919, 485; Bergey 
et al., Manual, 1st ed., 1923, 204; etc. 

Bacillus cuniculicida Migula. (Bacil¬ 
lus der Kaninchcnseptikamie, Ebcrth 
and Mandry, Arch. f. path. Anat., 121, 
1890; Bacillus cuniculicida mohilis Kruse, 
in Fliigge, Die Mikroorganismcn, 3 
Aufi., 2, 1896, 406; Bacterium cuniculicida 
mohilis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Stii., 9, 1897, 132; Migula, 
Syst. d. Bakt., 2, 1900, 757; not Bacillus 
cuniculicida Fli'igge, Die Mikroorganis- 
men, 2 AuH., 1886, 251.) From perito¬ 
neal exudate of a rabbit. 

Bacillus mustclaecida Trevisan. (Ba¬ 
cillus der Frettchenseuche, Eberth and 
Schimmclbusch, Fortschr. d. Med., 6, 

1888, 295; also see Arch. f. path. Anat., 
115, 1889 , 282; Trevisan, I generi e le 
specie delle Batteriacee, 1889, 13; Pas- 
teurella mustclaecida DeToni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8, 

1889, 996; Bacillus niuslelac scpticus 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl.,5, 1896, 405; Baderiam mustelae 

septicus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 138; Bacillus 
mustelae Migula, Syst. d. Bakt., 8, 1900, 
V and 756.) From a disease of ferrets. 

Bacterium anatis Migula. (Bact^ries 
du cholera des canards, Cornil and Tou- 
pet, Compt. rend. Acad. Sci. Paris, 106, 
1888, 1747; Bacillus choleras anatum 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., S, 1896,417; Migula, Syst. d. 

2, 1900, 364.) Regarded as the 
cause of duck cholera and very similar 


to, if not identical nith, Pasleurella 
avicida. See Rettger and Scoville, Jour. 
Inf. Dis., 26, 1920, 220. From the blood 
and other organs of infected ducks. 

Bacterium cuniculi Migula. (Bacillus 
der Brustseuche des Kaninchens, Beck, 
Ztschr. f. Hyg., 15, 1893, 363; Bacillus 
cuniculi pneumonicus Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
418; Bacterium cuniculi pneumonicus 
Chester, Ann. Rept. Del. Col. Agr. Exp. ■ 
Sta., 9, 1897, 84; Migula, Syst. d. Bakt., 
2, 1900, 370; Bacterium heckii Chester, 
Man. Determ. Bact., 1901, 142.) Asso¬ 
ciated with a lung plague of rabbits. 

Bacleriuyn haemorrhagicum (Kruse) 
Lehmann and Neumann. (Kolb, Arb. 
kaiscrl. Gesundheit.samte, 7, 1892, 60; 
Bacillus haemorrhagicus Kruse, in Fliigge, 
Die Mikroorganismen, 3 .-Vufi., 

424; Lehmann and Neunmnn, Bakt. 
Diag., 1 Aufl., 2, 1896, 194.) From the 
mucous membranes of fever patients. 

Bacterium palumbarium Migula. (La 
bact^rie de la maladie des palombes, 
Leclainche, Ann. Inst. Past., 8 , 1894, 
493; Bacillus choleras columbarum Kruse, 
in Fliigge, Die Mikroorganismen, 3 Aufl-j 
2, 1896, 417; Bacterium choleras colum¬ 
barum Chester, Ann. Rept. Del. Co. 
Agr. Exp. Sta., 9, 1897 , 84; Migula, Syst- 
d. Bakt., 2, 1900 , 368; Baclerium colum¬ 
barum Chester, Man. Determ. Bact-, 

1901, 141.) 'Associated with an epidemic 

in wild pigeons. . 

Baclerium phasianicida 

(Klein, Cent. f. Bakt., I Abt., Orig-, 51, 

1902, 76; Bacterium phasianidarum mo¬ 
bile Enders, Berl. tierarztl. Wchnsc r.. 
No. 23, 1902; abst. in Cent. f. 

Abt., Ref., 54, 1904 , 384.) From » 
epidemic in pheasants (England). * 
ley, Elkins and Caldwell (Rhode s ® 

Agr. Exp. Sta., Bull. 174, 1918, 28 ) state 

that this species (which they c 
p/iasianicido) belongs in the group 
paratyphoids {Salmonella). 

Bacterium purpurum 
cillus of purpura-haemorrhagicfl, 

Septiche Proz. Kindesalters, 

1889; Bacillus haemorrhagicus sep 
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Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., S, 1896, 424; Bacterium kaemor- 
rhagicus septicus Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 85; 
Chester, Man. Detenu. Bact., 1901,143.) 
From a case of septicemia in man. 

Bacterium lizzonii Migula. (Bacillus 
der haemorrhagischen Infektion, Tizzoni 
and Giovannini, in Zeigler, Beitriige, 7, 
1889, 300; Bacillus haetnorrhagicus vele- 
nosus Kruse, in Fliigge, Die Mikroor- 
ganismen, 3 Aufl., 2 , 1896, 425; Bac¬ 
terium haeniorrhagicus veleuosus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 
9, 1897, 85; Migula, Syst. d. Bakt., 2 , 
1900, 386; Bacteriurn velenosum Chester, 
Man. Determ. Bact., 1901, 144.) From 
the blood of a child having a hemorrhagic 

infection. 

Bacterium vassalei Migula. (Tizzoni 
and Giovannini, in Zeigler, Beitriige, 7, 
1889; Bacillus haetnorrhagicus nephritidis 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 424; Bacterium haemor- 
rhagicus nephritidis Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 85; 
Migula, Syst. d. Bakt., 2 , 1900, 387; 
Bacterium nephritidis Chester, Man. 
Determ. Bact., 1901, 145.) Isolated by 
Vassale from a case of hemorrhagic 
nephritis. 

Pasteurella bouffardi Commes. 
(Commes, 1919; quoted from Nevcu- 
Lemaire, Precis de Parasitol. Hum., 5th 
ed., 1921, 21.) The cause of a hunmn 
pasteurellosis observed by BoufTard at 
Bamako in 1909. 

Pasteurella caniseptica Hauduroy ct al. 
(Pasteurella du chien, Lignidres, Recucil 
de Mdd. V(St., 77, 1900, 469; Bacterium 
canicida Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2 , 1907, 277; Hauduroy et 

ftl., Diet. d. Bact. Path., 1937, 312.) 
From dogs. 

Pasteurella capriseplica (Lanfranchi 
and Pacchioni) Hauduroy etal. (Bacillus 
pneumoniae caprae Nicolle and Refik- 
Bey, Ann, Inst. Past., 10 , 1896, 321; 
Pasteurella du chevre, Ligni^rcs, Recueil 
de Mdd. Vmr., 77, 1900, 636; Bacillus 
caprisepticus Lanfranchi and Pacchioni, 


1926; Bacillus btpolaris capriscpticus 
Chefik Kolayi and Raif, 1935; Hautiuroy 
et al., Diet. d. Bact. Path., 1937, 313.) 
From hemorrliagic septicemia in goats. 

Pasteurella caviae Hauduroy ct al. 
(Gatd and Billa, Compt. rend. Soc. Biol., 
Paris, 99, 1928, 814; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 313.) From a 
guinea pig with a tuberculosis-like 
disease. 

Pasteurella caviseplica (Schwer) Ilau- 
duroy et al. (Pasteurella du cobaye, 
Phisalix, Compt. rend. Soc. Biol., Paris, 
f, 1898, 761; Bacterium caviseplicum 
Schwer, Cent. f. Bakt., I Abt., Grig., 33, 
1902, 47; Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 314.) From hemorrhagic 
septicemia in guinea pigs. 

Pasteurella desmudUli Pirie. (Pub. So. 
African Inst. Med. Res., -f, 1929, 191.) 

Pasteurella equiseptica Kelser. (Ba- 
cille de la septiedmie hdmorragiciue du 
cheval, Lignieres, Bull. Soc. Centr. d. 
Mdd. Vdt., 16, 1897, 437and 16, 1898, 849; 
La Pasteurella equine, Lignidres, Recueil 
de Mdd. Vdt., 77, 1900, 524; Kelser, Man. 
Vet. Bact., 1st ed., 1927, 101; Bacillus 
equisepticus Kelser, ibid.-, Bacillus pneu¬ 
moniae equi Poels.) From horses. 

Pasteurella felis (Migula) Hauduroy 
et al. (Bacillus salivarius septicus fclis 
Fiocca, Ann. d. Instit. d’igiene d. Univ. 
di Roma, 2, 1892 and Cent. f. Bakt., 11 , 
1892, 406; Bacillus felis septicus Kruse, 
in Fliigge, Die Mikroorganismen, 3 
Aufl., 2, 1896, 423; Bacterium felis septi¬ 
cus Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 81; Pasteurella du 
chat, Lignidres, Recueil de Mdd. Vdt., 77, 
1900, 493; Bacterium felis Migula, Syst. 
d. Bakt., 2, 1900, 375; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 316.) From 
the sputum of a cat. 

Pasteurella mastidis (Miessner and 
Schoop) Hauduroy et al, (Stabchenbak- 
terium, Dammann and Freese, Deut. 
tierarztl. Wchnschr., 15, 1907, 165; 
Bipolar organism of the Pasteurella 
group, Leyshon, Vet. Jour., 85, 1929, 
299; Bacterium mastitidis Miessner and 
Schoop, Deut. tierfirztl. Wchnschr., 40, 
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1932, 69; Pasteurella, Marsh, Jour. 
Amor. Vet. Med. Assoc., 81 (N.S. 34), 
1932, 376; Bacterium ovinum Ilaupt. 
Cent. f. liakt.. I Abt., Grig., 133, 1932, 
365; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 316.) The cause of infec¬ 
tious mastitis of ewes. 

F^astcurella necrophora Hauduroy et al. 
{Bacille de la necrose infectieuse des 
C'anaris, Cornell, Tlic Vet. Record, 84, 
192S, 350; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 318.) From domestic 

canaries. 

Pasteurella oviseptica Hauduroy et 
al (Galtier, Jour. d. m^d. v^t. et d. 
zoot., 1889-1890 , 58, 113 and 481; La 
Pasteurella ovine, Lignieres, Recueil 
de M^d. V^tdr., 77, 1900, 529; Bacillus 
bipolaris ovisepticus Hutyra, in Kolle 
and Wassermann, Hand. d. path. Mikro- 


org., 2 Aufl., 6 , 1913, 67; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 319.) From 
sheep. 

Pasteurella pericarditis Hauduroy et 
al. (Bocierium cavarum pericarditis 
Roth, Acta Pathol, et Microb. Scand., 
11, 1934, 335; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 319.) From guinea 
pigs. 

Pasteurella strasburgensis Hauduroy 
et al. (Coccobacille de Strasbourg, 
Debre, Compt. rend. Soc. Biol., Paris, 
82, 1919 , 224; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 323.) From a case 

of purulent pleurisy. 

Pfeifferella anatipeslifer Hendrickson 
and Hilbert. (Hendrickson and Hilbert, 
The Cornell Veterinarian, 22, 1932, 239; 
Hemophilus anatipestifer Hauduroy et 
al.. Diet. d. Bact. Path., 1937, 247.) 
From a septicemic disease of ducks. 


Genus II. Malleomyces Pribram.* 


{Cladascus Enderlein (in part), Sitzber. Gesell. Naturf. Freunde, Berlin, 1917,316, 
PfeiJIerella Buchanan, Jour. Bact., 3, 1918, 54; Pribram, Klassification der Schizo- 
myceten, Leipzig, 1933,11 and 93; Loejjlerella Gay et al., .Agents of Disease and Host 
Resistance, Indianapolis, 1935,782.) From Latin malleus, glanders and myces, fungus. 

Because Pfeifferella was proposed inadvertently (Buchanan, Gen. Syst. Bact., 1925, 
420) and because of a general feeling that it is inappropriate, Malleomijces Pribram is 
used as the earliest suitable name for this genus. The indefinite description of 
organism {Malleomyces equestris) by Hallier (Ztschr. f. Parasitenkunde, 1870, H9) 
as the cause of glanders has not previously caused confusion and need not do so in t e 
future. 


Short rods, with rounded ends, sometimes forming threads and showing a tendency 
toward branching. Motile or non-motile. Gram-negative. Tendency to bipo® 
staining. Milk slowly coagulated. Gelatin may be liquefied. Specialized for 
sitic life. Grow well on blood serum and other body fluid media. 

The type species is Malleomyces mallei (Flugge) Pribram. 


Key to the species of genus Malleomyces. 

I. Carbohydrates not fermented. Honey-like colonies on potato. Glycerol aga 
colonies slimy or tenacious, translucent. Non-motile. 

1. Malleomyces mallei. ^ 

II. Carbohydrates fermented. Profuse, creamy groj\'th on potato. Glycero 
colonies iridescent, becoming corrugated. Motile. 

2. Malleomyces pseudomallei- 


* Revised by Prof. Robert S. Breed, New York State Experiment SUtion, Geneva, 
New York, December, 1938; further revision, December, 1945. 
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1. Malleomyces mallei (Zopf) Pri¬ 
bram. (Rotzpilz, Loifler and Schiitz, 
Deutsche med. Wchnschr., No. 52, 18S2 
Bacillus mallei Zopf, Die Spaltpilze 
3 Aufl., 18S5, 89; Uotzbacillus, Loffler 
Arb. kaiserl. Gesundheitsamtc, 1 , 1886 
222; Bacterium mallei Migula, in Engle 
and Prantl, Die natiirl. Pflanzenfam. 
/, la, 1895, 21; Corynebaclerium malle 
Lehmann and Neumann, Bakt. Diag. 
2 Aufl., 8 , 1899, 366; Mycobacterium mal 
lei Chester, Man. Determ. Bact., 1901 
353; Cladascus mallei Enderlein, Sitzber 
Gesell. Naturf. Frcunde Berlin, 1917 
395; Pfeifferella mallei Buchanan, Jour 
Bact., 5, 1918, 54; Scleroihrix malle 
Vuillemin, Encyclopddie Mj'colog., Paris 
2 , Champignons Parasites, 1931, 135 
Brucella mallei Pacheco. Revista da 
Sociedado paulista de Modicina vetcri 
naria, S, 1933, 1; Actinobacillus malle 
Thompson, Jour. Bact., 26, 1933, 226 
also Jour. Bact., 85, 1933, 44; Pribram 
Klassification der Schizomyceten. I>eip 
zig and Vienna, 1933, 93; LoeJJlerella 
mallei Gay et al.. Agents of Disease and 
Host Resistance, Indianapolis, 1935, 
782.) From Latin malleus, glanders, a 
disease of horses. 

Bacillus ozenae Trevisan (Corr. Ser., 
1884, n. 222) is identical with this species 
according to Trevisan (I generi e le specie 
delle Battcriacee, 1889, 13). 

Description largely from Kelser, Man. 
Vet. Bact., 2nd ed., 1933, 325. 

Slender rods: 0.5 to 1.0 by 2.0 to 5.0 
microns, with rounded ends, usually 
occurring singly, in pairs and in groups, 
but may grow’ into filaments. Branch¬ 
ing involution forms on glycerol agar. 
Show irregular staining. Bipolar stain- 
mg common. Non-motile. Gram-nega¬ 
tive. 

Gelatin: Poor growth. Usually no 
liquefaction. May be slowly liquefied 
(Jordan, General Bact., 11th ed., 1935, 
491). 

Agar colonies: Moist, grayish-wdiite 
layer, translucent, ropy, with regular 
borders. Later become yellowish or 

yellowish-brown. 


Agar slants; GIi.stening, moist, ropy, 
grayish-white growth. 

Loffler’s scrum; Good growth. Moist, 
viscid, yellowish colonies develop after 
36 to 48 hours. 

Broth; Turbid, sometimes with thin 
pellicle. Slimy or ropy sediment. 

Litmus milk; Coagulation usually 
occurs after a week with some acid pro¬ 
duction. Litmus may or may not be 
reduced. 

Potato: After 36 to 48 hours, pale 
yellow, hcne 3 ’-drop-like colonies. Later 
becoming darker, reddish-yellow or choc¬ 
olate color. The medium sometimes has 
a faint greenish tinge around the growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Carbohydrates usually not fermented. 
Some strains produce small amounts of 
acid from glucose. 

Optimum temperature 37®C. No 
growth below 20®C or above 44®C. 

.\erobic, facultative anaerobic. 

Common name: Glanders bacillus. 

Distinctive characters: Culture media 
of slightly acid reaction best suited for 
growth; addition of glycerol favors 
growth; honey-like growth on potato. 

Source; Lsolatcd by Loffler and Schiitz 
from the liver and spleen of a horse. 
Ixisions in animals and man. 

Habitat: The cause of glanders, affect¬ 
ing horses, man, sheep and goats. Trans¬ 
missible to dogs, cats, rabbits and guinea 
pigs. 

2. Malleomyces pseudomallei (Whit¬ 
more) Breed. (Bacillus 'pseudomallei 
Whitmore, Jour. Hyg., 13, 1913, 1; Bacil¬ 
lus whitmori Stanton and Fletcher, 
Trans. 4th Cong. Far East Assn. Trop. 
Med., 8 , 1921, 196; also Jour. Hyg., 83, 
1925, 347; Pfeifferella pseudomallei Ford, 
Textb.of Bact., 1927,294; Flavobacterium 
pseudomallei Bergey et al.. Manual, 3rd 
ed.p 1930, 146; Scleroihrix whitmori 
Vuillemin, Encyclopedic Mycolog., 8 , 
Champignons Parasites, 1931, 136; Ac- 
linobacUlus pseudomallei Thompson, 
Jour. Bact., 86, 1933,226; also Jour. Bact., 
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25, 1933, 44; LoefflercUa whiimori Gay 
et al., Agents of Disease and Host Re¬ 
sistance, Indianapolis, 1935, 791; Breed, 
in Manual, 5th cd., 1039, 300.) Latin¬ 
ized, false glanders. 

Short rods: With rounded ends, occur¬ 
ring singly and in short chains, showing 
bipolar staining. Motile. Gram-nega¬ 
tive. 

Gelatin stab: Moderate, crateriform 
liquefaction. 

Agar colonies: Circular, slightly raised, 
thick, opaque, cream-colored with ir¬ 
regular maigin. 

Glycerol agar slant: Wrinkled, thick, 
rugose, cream-colored growth. 

Broth: Turbid with pellicle. 

Litmus milk: Curdling with slowly 
developed acidity, pink sediment; may 
be digested. 

Potato: Vigorous, cream-colored 

growth. 

Indole not formed. 

Acid from glucose, maltose, lactose, 
sucrose and mannitol. 

Blood serum slowly liquefied. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Lesions and blood in rats, 
guinea pigs, rabbits and man. Once 


from a transient nasal discharge in a 
horse (Stanton, Fletcher and Symonds) 
and once from a splenic abscess in a cow 
(Nicholls). 

Habitat: Glanders-like infection (meli¬ 
oidosis) in rats, guinea pigs, rabbits and 
in man in India, Federated Malay States 
and Indo-China. 

Appendix: The following may belong 
in this genus: 

Flavobacterium orchilidis Sherwood, 
Irwin and Marts. (Sherwood, Irwin 
(not Edwin) and Marts, Amer. Jour. 
Diseases of Children, 45, 1933, 446; 
Sherwood, Jour. I^ansas Med. Soc., S4, 
1933, 220.) From a case of meningitis. 
Sherwood (personal communication, 
1945) now considers thi^ organism iden¬ 
tical with Bacillus ivhitmori (Mall^o- 
mtjees pscudotnallei). See Manual, 5th 
cd., 1939, 538 for a description of this 
species. 

Malleomyces agliaceus Pribram. 
(Bacillo opale agliaceo, Vincenzi, Giorn. 
d. K. Accad. d. Med. Torino, 1890, No. 
6; Pribram, Klassification der Schizomy 
ceten, Leipzig, 1933, 93.) Cause o 
pseudotuberculosis in frogs. 


Genus III. Actlnobacillus Brumpl.* 

(Precis de Parasitologic, Paris, 1st ed., 1910, 849.) 

Medium-sized, aerobic, Gram-negative rods which frequently show much 
phism. Coccus-like forms frequent. Tendency to bipolar staining. Acid but no 
produced from carbohydrates. Grow best, especially when freshly 
increased CO: tension. Pathogenic for animals; some species attack man. ^ ^ 
standing characteristic of the group is the tendency to form aggregates in tissues 
culture which resemble the so-called sulfur granules of actinomycosis. 

The type species is Aclinobacillus lignieresi Brumpt. 


1 . Actinobaclllus lignieresi Brumpt. 
(Actinobacilo, Lignicres and Spitz, Bole- 
tin d. Agri. y Ganaderia, Buenos Aires, 
If, 1902, 169; Actinobacillus, Lignicres 


and Spitz, Cent. f. Bakt., I Abt-, ^ , 
55, 1903, 294; Brumpt, ?t4c\s ... , 
sitol., Paris, 1st ed., 1910, 849; 5 
lignieri (sic) Macd, Traits de Bad 


• Revised by Prof. W. A. Hagan, New York State Veterinary College, Ithaca, 
York, December, 1938; further revision, December, 1945. 
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gie, 6th ed., 8, 1913, 743; Nocardia lig- 
nieresi Chalmers and Christopherson, 
Ann. Trop. Med, and Parasit., 10, 1916, 
242; Discomyces lignieresi Brumpt, Pre¬ 
cis de Parusitol., Paris, 3rd ed., 1922, 
993; Pasleurella lignieresi Vuillemin, 
Encyclopedic Mycologique, Paris, 8, 
Champignons Parasites, 1931, 136.) 

Named for Lignicres, who first worked 
with this organism. 

Bacterium purifaciens Christiansen 
(Maanedsskr. f. Drylaeger, 89, 1917, 
449; Pasleurella purifaciens Hauduroy 
et al., Diet. d. Bact. Path., 1937, 322) is 
regarded as identical with this organism 
by Tunnicliff (Jour. Inf. Dis., 69, 1941, 
52). 

Rods: 0.4 by 1.0 to 15.0 microns. 
Cocco-bacillary forms frequent. Non- 
motile. Gram-negative. 

Gelatin: Growth sparse or fails. No 
liquefaction. 

Agar: Primary cultures usually suc¬ 
ceed best when the inoculum is intro¬ 
duced by stab. Serum agar is more 
favorable than plain. Surface colonies 
arc small, bluish, translucent at first, 
later becoming opaque. 

Broth: Serum favors growth. Freshly 
isolated strains usually grow in form of 
small granules which adhere to sides of 
tube, leaving broth fairly clear. Later 
most strains grow diffusely, often form¬ 
ing a fragile pellicle. 

Litmus milk: Most strains cause no 
change. Sometimes slight acid. No co¬ 
agulation. 

Potato: Little or no growth. 

Acid but no gas within 48 hours from 
glucose, fructose, galactose, maltose, 
sucrose and mannitol. Acid after longer 
incubation from lactose, raffinose and 
glycerol. 

Indole is formed in small amounts. 

Nitrites not produced from nitrates. 

Aerobic. Is favored by increased 
CO* tension. Will not grow anaerobi¬ 
cally. 

Optimum temperature 37*C. 

Pathogenic for cattle and swine. A 


few cases reported in man. Rabbits and 
guinea pigs slightly susceptible to inocu¬ 
lation. 

Source and habitat: Usually isolated 
from the lesions of actinobacillosis of 
cattle. This condition is often clinically 
diagnosed as actinomycosis. Lesions 
found in soft tissues, usually lymph 
nodes, where granulomatous tumors are 
formed. Eventually these break down 
to form abscesses. 

2. ActlnobacUlus actinomycetemcoml- 
tans Topley and Wilson. {Bacterium 
aclinomyceiem comRans Klinger, Cent, 
f. Bakt., I Abt., Orig., 1912, 198; Actino- 
bacillus aclinomycetem comitans Topley 
and Wilson, Princip. of Bact. and 
Immun., 1, 1931,256; Topley and Wilson, 
ibid., 2nd ed., 1936, 279.) From 

actinomycete, and Latin comitans, ac¬ 
companying. 

Description taken from Topley and 
Wilson {loc. cit.), Colebrook (Brit. 
Jour. Exp. Path., 1, 1920, 197), and 
Bayne-Jones (Jour. Bact., 10, 1925, 
572). 

Cocco-bacilli: Rods 1.0 to 1.5 microns 
long, cocci 0.6 to 0.8 micron in diameter. 
Occurring in densely-packed masses. 
Non-motile. Gram-negative. 

Gelatin: No liquefaction. 

Agar colonics: Small, tough, adherent. 

Glucose agar: Growth thin, dry, gran¬ 
ular, hard, slightly yellow, adherent. 

Liquid gelatin or broth: At 37®C, nu¬ 
merous isolated, translucent granules, 0.5 
to 1.0 mm in diameter, form along sides 
of tube. In a few days they fuse into a 
grayish-white mass, forming ring around 
tube and pellicle over surface. Later 
granules become opaque, grayish-white. 

Glucose broth: Turbid. Yellowish 
flakes. 

Milk: No growth. 

Potato: No growth. 

Acid but no gas from glucose and lac¬ 
tose. 

Not pathogenic for laboratory animals. 

No growth at 20®C. 
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Aerobic, facultative. 

Distinctive character: Manner of 
growtli in liquid gelatin. 

Source: Found in lesions of actinomy¬ 
cosis. 

Habitat : Presutnablv in actinoinvcotic 

« to 

lesions. 

3. Actinobacillus actinoides (Smith) 
Topley and Wilson. (Bacillus aclinoides 
Th. Smith, Jour. Exp. Med., 28, 1918. 
3.33; Aclinomtfces actinoides Bergey etal., 
Manual. 1st ed., 1923, 34G; Topley and 
Wil.son, Princip. of Pact, and Immun., 
1st ed., 1. 1931, 256.) From Greek, ray- 
like. 

Slender rods in tis.sues. In cultures 
may ho bacillary or coccoid in form. 
Grows only under increased CO 2 tension 
(so-called microaerophilic). Does not 
grow on ordinary agar or broth, except 
occasionally when transferred from more 
favorable media. Most characteristic 
growth on cotigulatcd blood serum. 

Gelatin: No growth. 

Agar colonies: Very minute, pale, straw 
color. 


.\gar slant: Best growth seen in water 
of condensation. Serial transfers on 
this medium generally fail. 

Broth: No growth. 

Litmus milk: No growth. 

Potato; No growth. 

Coagulated blood serum (cow): Growth 
appears first in the condensation water. 
.Vppear as granules, consisting of cap¬ 
sular material in which bacillary forms 
are embedded. Surface mulberry-like 
because of club-like extensions of capsu¬ 
lar material. In stained prcixirations, 
the capsular material appears amorphous. 

Optimum temperature 37°C. 

Microaerophilic. 

Not pathogenic for laboratory animals, 
except po.ssibly the white rat in which a 
spontaneous chronic pneumonia occurs 
caused by an organism indistinguishable 
from this one. Experiments with rats 
by artificial inoculation have net been 
reported. 

Source: From lungs of calves suffering 
from chronic pneumonia. 

Habitat: Has not been recognized m 
nature except in pathological processes- 
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•APPENDIX TO TRIBE PASTEUUELLEAE. 

hile the authors who describe the following new genus with its single species do 
not indicate its general relationships, it would appear to be as closely related to the 
species placed in Parvobacferiaccae as to those in any other family. It is therefore 
placed in this appendix pending a clarification of the situation. 

Genus A. Donovania Anderson, De Monbreun and Goodpasture. 

(Jour. Exp. Med., 81, 1945, 25.) Named for C. Donovan who first described the 
type species. 

Pleomorphic non-motile rods, exhibiting single or bipolar condensations of 
chromatin. Occur singly and in clusters. May be capsulated or non-capsulalcd. 
Gram-negative. Growth outside human body occurs only in the yolk, yolk sac or 
amniotic fluid of developing chick embryo or in a medium containing embryonic yolk. 
Pathogenic for man causing granulomatous lesions, particularly in the inguinal region. 

The type species is Donovania granulomalis Anderson, Do Monbreun and Good- 
pasture. 


1. Donovania granulomatls Anderson 
et al. {Epithelial cell parasites, Dono¬ 
van, Indian Med. Gaz., 40, 1905, 414; 
Donovan bodies, Dienst, Greenblatt and 
Sanderson, Jour. Inf. Dis., 62, 1938, 112; 
Donovan organism, Anderson, Science, 
97, 1943, 560; Anderson, Dc Monbreun 
and Goodpasture, Jour. Exp. Med., 8i, 
1945, 25.) From M. L. granuloma, of 
granuloma. 

Pleomorphic rods 1 to 2 microns in 
length, with rounded ends, occurring 
singly and in clusters. Intracellular 
forms usually capsulated. Non-motile. 
Gram-negative. 

No growth on ordinary culture media. 

Chick embryo: Grows readily in yolk, 


yolk sac and feebly in amniotic fluid of 
developing chick embryo. 

Embryonic yolk medium: Growth 
occurs. 

Distinctive characters; (’apsuiuted 
forms readily demonstrated by means of 
Wright’s stain as blue bacillary bodies 
surrounded by well-defined dense pink¬ 
ish capsules. Non-capsulated forms 
variable in morphology. Characteristic 
safety-pin forms may be demonstrated. 

Not pathogenic for the common experi¬ 
mental animals. 

Source; Granulomatous lesions of man. 

Habitat: Human lesions. The cause 
of granuloma inguinale. 


* Prepared by Dr. Orren D. Chapman, Syracuse Medical College, Syracuse, New 
York, March, 1946. 
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TRIBE II. BRUCELLEAE BERGET, BREED AND MURRAY. 

(Preprint, Manual, 5th ed., October, 1938, vi.) 

Small, motile or non-motile rods or coccoids which grow on special media. There 
is a single genus Brucella. 


Genus I. Brucella Meyer and Shaw.* 

(Jour. Inf. Dis., 27, 1920, 173.) Named for Sir David Bruce, who first recognized 
the organism causing undulant fever. 

Short rods with many coccoid cells, 0.5 by 0.5 to2.0 microns; non-motile; capsulated; 
Gram-negative; gelatin not liquefied; neither acid nor gas from carbohydrates; urea 
utilized; parasitic, invading all animal tissues, producing infection of the genital 
organs, the mammary gland, the respiratory and intestinal tracts; pathogenic for 
various species of domestic animals and man. 

The type species is Brucella melitensis (Hughes) Meyer and Shaw. 

Key to the species of genus Brucella. 

I. Non-motile. 

A. Grow in special media containing basic fuchsin, 

1. Grows in media containing thionin. 

1. Brucella melitensis. 

2. Does not grow in media containing thionin. 

2. Brucella abortus. 

B. Does not grow in media containing basic fuchsin. 

1. Grows in media containing thionin. 

3. Brucella suis. 

II. Motile. 

4. Brucella bronchiseptica. 


Differential characters of the three closely related species of genus 


oructnu 


Species 


Brucella melitensis 
Brucella abortus... 
Brucella suis . 


Infec- 

tivity 

for 

miinea 

pigs 

Re¬ 
quires 
COi 
for iso¬ 
lation 

H}S 

forma- 

tIOD 

•Glucose 

utilized 

Amino- 

nilio- 

?ea 

utilized 

1 

10 per 
cent 

days 



++ 

0 

±1 

+ + + 

+ 

+ + 

++ 

2 

+ 

+ + 

+ + 

0 

4 

++ + 

+ 


• All utilize glucose in shake cultures. 


Growth in the 
presence of 


Thio- 

nin 


+++ 

0 

+++ 


Basic 

fuchsin 


+++ 

+++ 

0 


1. Brucella melitensis (Hughes) 
Meyer and Shaw. (Bruce, Practitioner, 
SP, 1887, 161; ibid., 40 , 1888, 241; Rept. 
Army Med. Dept., London, $S, 1890, 


Append. No. 4, 465; streptococcus 
icTisis (sic) Hughes, The 
Naturalist, 2, February h 
Micrococcus melitensis Bruce, Ann.__ 


Revised by Prof. I. F. Huddleson, Michigan State College, East 
December, 1942. 
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Past., 7, April, 1893, 289; Hughes, La 
Riforma Med., S, Aug. or Sept., 1893, 
789 and Ann. Inst. Past., 7, Aug., 1893, 
630; Bacterium TnelitenseStLis&v,’&, Ztschr. 
L Hyg., 70, 1912, 181; Meyer and Shaw, 
Jour. Inf. Dis., S7, 1920, 173; Bacillus 
meliiensis Holland, Jour. Bact., 5, 1920, 
219; Alcaligenes melilensis Bergey et al., 
Manual, 1st ed., 1923, 235; Brucella yneli- 
tensis var. 7n€litensis Evans, U. S. Public 
Health Reports, S8, 1923, 1947.) From 
Latin, of Malta. 

Short ellipsoidal rods: 0.3 to 0.4 micron 
in length, occurring singly and in pairs, 
rarely in short chains. Xon-motile. 
Non-acid-fast. Gram-negative. 

Gelatin colonies: Small, clear, entire. 

Gelatin stab: Slow growth. No lique¬ 
faction. 

Agar colonies: Small, circular, convex, 
amorphous, smooth, glistening, entire, 
bluish-green, grayish if U tj'pe. 

Agar slant: Growth slow, moist, honey¬ 
like, entire. After a week, the agar is 
turned brownish and crystals may ap¬ 
pear. 

Broth: After 10 days, moderate turbid¬ 
ity and grayish sediment. Reaction al¬ 
kaline, pH 8.0 or higher. 

Litmus milk: Unchanged at 24 hours. 
Later becomes alkaline. 

Potato: Scant growth, grayish becom¬ 
ing brownish. 

Indole not formed. 

Nitrates reduced, often with complete 
disappearance of nitrite (Zobell and 
Meyer, Jour. Inf. Dis., SI, 1932, 99). 
Because of the latter fact, reports in the 
literature are apparently contradictory. 

Ammonia produced from urea. 

Growth enhanced on beef liver or 
tryptose agar of pH 6.8. 

Neither acid nor gas from carbohydrate 
media. 

Optimum reaction pH 7.4. 

Optimum temperature 37®C. No 
growth at e** or at 45®C, Killed at 59'^C. 

Aerobic. 

Distinctive characters: Requires no 
increased COj tension. 


Source: Isolated by Bruce (1887, loc. 
cit.) from the spleen in fatal cases of 
Malta fever. 

Habitat: Chief host the milch goat. 
The cause of undulant fever (brucellosis) 
in man and abortion in goats. May in¬ 
fect cows and hogs and be excreted in 
their milk. Infectious for all domestic 
animals. 

2. Brucella abortus (Schmidt and 
Weis) Meyer and Shaw. (Bacillus of 
abortion, Bang, Ztschr. f. Thiermed., 1, 
1897, 241; Bacterium abortus Schmidt 
and Weis, Bakterierne, 1901, 266; Bac- 
teruun aborlivtim Chester, Man. Determ. 
Bact., 1901, 121; Corynebacterium a6or/us 
ejidcmici Preisz, Cent. f. Bakt., I Abt., 
Orig., 55, 1902, 194; Bacillus abortus 
Evans, Jour. Wash. Acad. Sci., 6, 1915, 
122; Meyer and Shaw, Jour. Inf. Dis., 
27, 1920, 173; Alcaligenes abortus Bergey 
etal.,Manual, Isted., 1923,234; Brucella 
melilensis var. abortus Evans, Public 
Health Reports, 38, 1923, 1947.) From 
Latin abortus, an untimely birth. 

The morphological and cultural charac¬ 
ters are similar to those of Brucella 
melilensis with the following exceptions: 
Requires 10 per cent CO 2 for isolation, 
becomes aerobic after several transfers; 
the browning of the medium in agar slant 
culture is less marked; S cultures can be 
dilTerentiatcd from Brucella melilensis, 
but not from Brucella suis, by the ag¬ 
glutinin absorption test. 

Source: From the genital organs and 
milk of infected cattle and from blood in 
human cases of undulant fever. 

Habitat: Chief host the milch cow. 
The cause of infectious abortion in cattle. 
The same effects are produced in mares, 
sheep, rabbits and guinea pigs, and all 
domestic animals except hogs. Causes 
undulant fever (brucellosis) in man. 

3. Brucella suis Huddlcson. (Organ¬ 
ism resembling Bacillus abortus, Anony¬ 
mous, U. S. D. A. Ann. Rept. Secy. 
Dept., Rept. of Chief Bur. Animal Ind., 
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1914, S6 (30); authorship established by a^j;Iuiiiiating serums. There is no 
Traum in North Amor. Vet., 1, No. 2. change in their growth characteristics 
1920; described as Bacillus abortus by on media containing either basic fuchsin 
Good and Smith, Jour. Bact., /, 1910, or thionin. 

415; Huddleson, Undulant Fever Sym¬ 
posium, .Vmer. Pub. Health Assoc., 4. Brucella bronchlseptlca (Ferry) 
(Oct., 1928) 1029, 21; also Midi. Agr. Toploy and Wilson. (Ferry, Amer. Vet. 

Exp. Sta. Tech. Bull. 100, 1920, 12; Uev., 57, 1910 , 499 ; also see McGowan, 

Brucella mdilcnsis var. .-^uis Hardy, Jour. Path.. 15 , 1911 , 372; Bacj7/«s 

.Jordan, Boris aiul Hardy, Public Health chicanis Ferry, Jour. Inf. Dis., 8, 1911, 

Reports, 4-5, 1030, 2433; 402; Bacillus bronchisepticus Ferry, 

suis Meyer, Amer. Jour. Puli. Healli., Amer. Vet. Kev.,-{4, 1912, 79; 

1931, 503.) I rotn Latin, of swine, bronchisepticus Evans, Jour. Inf. Dis-, 
1 lie morphological and cultural cliarac- 18, 191G, 578; Bacterium bronchicanis 

ters are similar to those of Brucella Holland. Jour. Bact., J, 1920, 221; A/ca/L 
meliiensis. genes bronchisepticus Bcrgey et al-, 

S cultures of Brualln suis can be ilif- Manual, 1st ed., 1923, 234; Topley and 

ferentiated from S cultures of Brucella Wilson, Princip. Bact. and Imniun., 

meliiensis, hut not from S cultures of 1st cd., 4, 1931, 508.) Latinized, disease 

Brucella abortus, by the agglutinin of tlie bronchial tubes, 

absorption test. Evans {he. cit., 593) regards Bacierhni 

Source: I'rom urinogenitai and many bronchiseplicus as related to Baclerh^ 
other organs of swine. abortus morphologically, culturally, bio 

Habitat: Chief host tlie hog. Causes chemically and serologically, 

abortion in swine and undulant fever Sliorl slender rods: 0.4 to 0.5 by 2. 
(brucellosis) in man. Also infectious microns, usually occurring singly, sorae 

for horses, dogs, cows, monkeys and times in pairs and chains. Motile v\it 

laboratory animals. 4 to 6 peritrichous flagella (Topley and 

Wi I so n). G ra m - nega t i ve - 

The differentiation of the above species Gelatin colonies: Similar to those on 
of Brucella by the bacteriostatic action agar. , 

of dyes depends upon the medium used. Gelatin stab: Slow filiform growth- 

When tryptose agar (Difeo) is used, No liquefaction. 

basic fuchsin and thionin should be used Agar colonies: Small, opaque, w i 

in a flnal dilution of 1:100,000. slightly raised, porcellaneous, entire. 

There are several forms of the R and Agar slant; Growth moderate but nio 

mucoid phases of Br«cc//a spp. (Huddle- luxuriant than in Brucella ’ 

son, Amer. Jour. Vet. Res., 7, 1946, 5). filiform, slightly raised, smooth, opae 
The true R type differs from the S type cent, lustrous, moist, entire. 
in its lack of pathogenicity, its antigenic Broth: Turbid, with thin, gray peJ 
properties, its susceptibility to aggluti- and ropy sediment. Musty o 
nation by e.xposure of suspensions to velops. ^ 

heat and to basic dyes in concentration Litmus milk: Alkaline. ^*0 

of 1:2000, and colonial appearance. The tion. , 

mucoid phases differ antigenically, mor- Potato: Growth fairly 

phologically and culturally. Colonies brownish, glistening, moist, sticky* 

on agar are spherical or flat, regular in dium is darkened, 
contour, grayish to mucoid in appear- Indole not formed. nitrat®^ 

ance. Suspensions are not agglutinated Nitrites often produced fro® 
by heat or dyes, or always by special (Topley and Wilson). 
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No add or gas from glucose, sucrose, 
Jactose, maltose or mannitol. 

No H-S produced {Topley and Wilson). 

Catalase positive {Topley and Wilson). 

Ammonia formed from urea and as¬ 
paragine. 

Optimum temperature 37T. Killed 
in twenty minutes at 55®C. 

Aerobic, facultative. 

Source: From dogs affected with dis¬ 
temper. 

Habitat: Causes acute, often fatal, 
pneumonia in dogs generally as a second¬ 
ary invader in distemper. Al.so patho¬ 
genic for cats, rabbits, guinea pigs, fer¬ 
rets, white rats and monkeys. Some¬ 
times occurs in man. 

Appendix: The following are recorded 
in the literature discussing this genus: 

Brucella evansi Pacheco (Revista da 
Sociedade Paulista de Med. Vet., 3. 


1933, 9) is a name applied to a group of 
thirteen cultures referred to by Evans 
(Jour. Inf. Dis., 23^ 19IS, 354) asabortus- 
like bacteria although she definitely in¬ 
dicates that these cultures do not agree 
with each other in their biochemical 
characteristics {loc. cit., Table 4, p.361). 

The binomials Brucella paramelilensis, 
Brucella paraabortus and Brucella para- 
suis have been used for inagglutinable 
strains of these three species which are, 
according to Topley and Wilson (Princip. 
Bact. and Immun., 2nd ed., 1936, 632), 
now known to bo merely rough variants, 
not deserving to be so named. 

Micrococcus paramelilensis Negrd and 
Raymond. (Ck)mpt. rend. Soc. Biol., 
Paris. 72, 1912, 791 and 1052.) 

.\ficrococcus pseudomelilensis Sergent 
and Zamrnitt. 1938. Exact reference not 
known. 
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TRIBE III. BACTBROIDBAE TRIB. NOV. 

Motile or non-motile rods without endospores. May or may not require enriched 
culture media. Obligate anaerobes. Gram-negative. 

Key lo the genera of tribe Bacteroldeae. 


I. Cells with rounded ends. 
II. Cells with pointed ends. 


Genus I. Bacteroides, p. 504. 
Genus II. Fusobacierium, p. 581. 


Genus I. Bacteroides Castellani and Chalmers.* 

(Man. Trop. Med., 3rd ed., 1919, 959.) 

Characters as for the tribe. From Greek, like a rod. 

The type species is Bacteroides fragilis (Veillonand Zuber) Castellani and Chalmers. 

Note : The descriptions have been taken largely from Weinberg et al. (Les Microbes 
AnaiJrobies. Paris, 1937, 658); Pr^vot (Ann. Inst. Past., 60, 1938, 285); Haudumy, 
Ehringer, Urbain, Guillot and Magrou (Diet. Bact. Path., Paris, 19.37, 51); and Eg- 
gerth and Gagnon (Jour. Bact., 25, 1933, 389). Because cultures of many of these 
organisms have not been subjected to critical study with identical tests and media, 
it is difficult to know how many should be considered as distinct species, and the 
present arrangement must be considered as tentative. The key, of necessity, has 
been drawn up from recorded characters which appeared useful for the purpose and 
these on further study may prove to be inadequate. 

Key to the species of genus Bacteroides. 

I. Not requiring enriched media. 

A. Gas formed from proteins. 

1. Hydrogen sulfide not produced. 

a. Non-motile. 

1. Bacteroides fragilis. 

aa. Motile. 

2. Bacteroides serpens. 

2. Hydrogen sulfide produced. 

a. Indole not formed. 

b. Very pleomorphic. 

3. Bacteroides funduliformis. 

bb. Not markedly pleomorphic. 

4. Bacteroides siccus. 

aa. Indole formed. 

b. Gelatin liquefied. 

5. Bacteroides coagulans. 


• Completely revised by Dr.T.E.Roy, Bacteriologist to the Hospital for Sick Chi 
dren, Toronto, Ontario, Canada and Dr. C. D. Kelly, -kssistant Professor of 
ogy, McGill University,Montreal, P. Q., Canada, December, 1938; rearranged, Uec 

ber,1945. 
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bb. Gelatin not liquefied. 

c. No acid from lactose and maltose. 

6. Bacteroides varius. 

cc. Acid from lactose and maltose. 

d. Acid from sucrose. No acid from glycerol. 

7. Bacteroides inaequalis. 

dd. No acid from sucrose. Acid from glycerol. 

8. Bacteroides insolitus. 

B. No gas formed from proteins. 

1. Indole not formed. 

a. Hydrogen sulfide not formed, 

b. No acid from lactose. 

9. Bacteroides vescus. 

bb. Acid from lactose. 

c. No acid from salicin. 

10. Bacteroides exiguus. 

cc. Acid from salicin. • 

11. Bacteroides uncatus. 


aa. Hydrogen sulfide formed, 
b. No acid from salicin. 
c. Gelatin liquefied. 


Acid from arabinose. 

12. Bacteroides vulgatus. 


cc. Gelatin not liquefied. 

13. Bacteroides incommunis. 

bb. Acid from salicin. No acid from arabinose. 

14. Bacteroides distasonis. 


bbb. No acid from salicin or arabinose. 
c. Acid from sorbitol. 

15. Bacteroides tumiduc. 


cc. No acid from sorbitol. 

16. Bacteroides convexus. 


2. Indole formed. 

a. No acid from salicin or arabinose. 

17. Bacteroides ovatus. 

aa. Acid from salicin and arabinose. 

b. No acid from mannitol. 

c. No acid from rhamnosc. 

18. Bacteroides uniformis. 


cc. Acid from rhamnose. 

d. Not capsu ated. 

19. Bacteroides ihetaiotaomicron. 


dd. Capsulated. 

bb. Acid from mannitol. 

II. Requiring an enriched medium. 

A. Producing a black pigment. 


20. Bacteroides variabilis. 

21. Bacteroides gulosus. 


22. Bacteroides melaninogenicus. 


B. Not producing pigment. 


23. Bacteroides caviae. 
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1. Bacteroides fragilis (Vcillon and 
Zuber) Custclkuii and Chalmers. 
[Bacillus fragilis Vcillon and Zubcr, 
Arch. Med. Kxp. et Anat. Path., 10, 
1808, 870; Castolhini and Chalmers, 
Man. Trop. Med., 3rd ed., 1010, 950; 
Fiisifonnis fragilis Topley and Wilson. 
Princip. Bad. and Immun., 1st ed., 1, 
1031, 302; Hislclla fragilis Prevot, .\nn. 
Inst. Past., GO, 1038, 200.) From Latin 
fragilis, fragile. 

Rods with rounded ends, staining more 
deeply at the ixjles, occurring singly 
and in pairs. Non-motile. Gram- 
negative. 

Gelatin: No liquefaction; small amount 
of gas. 

.\gar colonies; Small, gray, irregular 

Broth: Turbid. 

Indole not formed. 

Hydrogen sulfide not formed. 

Litmus milk: No coagulation. Sliglit 
amount of gas. 

Nitrites not produced from nitrates. 

Acid from fructose, maltose, sucrose, 
galactose, glucose and arabinose. Some 
strains produce acid from lactose (Wein¬ 
berg et al., Los Microbes Ana^robies, 
1937, 720). 

Anaerobic. 

Optimum temperature 37®C. 

Pathogenicity; Some strains produce 
subcutaneous abscesses in rabbits, guinea 
pigs or mice. 

Source and habitat: From acute appen¬ 
dicitis, pulmonary gangrene, abscesses 
of the urinary tract, and septicaemias in 
man. 

2. Bacteroides serpens (Vcillon and 
Zuber) Hauduroyetal. {Bacillus serpens 
Veillon and Zuber, Arch. M^d. Exp. et 
Anat. Path., 10, 1898, 870; Bacillus 
radiiformis Rist and Guillemot, Arch. 
M4d. Exp. et Anat. Path., 1904; Haudu- 
roy et al., Diet. d. Bact. Path., 1937, 74; 
Zuberella serpens Prdvot, Ann. Inst. 
Past., 60, 1938, 293.) From Latin ser¬ 
pens, creeping. 

Rods: Thick, with rounded ends, oc¬ 


curring singly, in pairs, or in short chains. 
Motile. Gram-negative. 

Gelatin; Slow liquefaction, with gas. 
Agar colonies; Punctiform. 

Deep agar colonies: Small colonies in 
48 hours, ray-like growth later. Gas 
produced. 

Broth : Turbid, then flocculent growth; 
some gas with foul odor. 

Hydrogen sulfide not formed. 

Litmus milk: Acidified and coagulated 
in six days, with no digestion. 

.\cid from fructose, galactose, maltose 

and lactose. 

Coagulated egg white and scrum not 
liquefied. 

Anaerobic. 

Optimum temperature 37®C. 
Experimental pathogenicity: Some 
strains produce abscesses in rabbits, 

guinea pigs and mice. 

Source and habitat: Acute appendi¬ 
citis, mastoiditis, pulmonary gangrene, 
bile tract of dog, and sea water. 

3. Bacteroides funduliformls (Hall(5. 
Bergey et al. (Bacillus funduliformi 
Hal!6. Inaug. Diss., Paris, 1898; Bacillus 

Iheloides Rist, Those de Pari-s, 
Bergey eta!.. Manual, 3rd ed., 1930 , 373; 
Spheropkorus funduliformis Prdvot, * Qp* 
Inst. Past., 60, 1938, 298.) From Utm 

funduliformis, sausage-shaped. 

Rods; 1.5 to 3.0 microns long in pus, 

often spindle-shaped. Extremely 

morphic in culture media, showing irreg¬ 
ular filamentous and branching forms- 
Non-motile. Gram-negative. 

Gelatin: Not liquefied. 

Deep agar colonies; Lenticular, 

some gas and foul odor. 

Broth: Flocculent growth. 

Glucose broth: Rapid growth with gas 

and foul odor. 

Indole not formed; although sometimes 

found in old cultures. .. 

Hydrogen sulhde is formed m small 

amounts. w « hv 

Litmus milk: Acid and coagulation y 

some strains. 
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Acid and gas from fructose, glucose and 
maltose. Some strains ferment man¬ 
nitol, sucrose and lactose. 

.\naerobic. 

Optimum temperature 37®C. 
Experimental pathogenicity: Some 
strains are pathogenic for rabbits and 
guinea pigs but not for white rats and 
mice. 

Source and habitat; Female genitalia, 
urinary infections, puerperal infections, 
acute appendicitis, otitis, pulmonary 
gangrene, liver abscesses, septicaemias 
and intestinal tract. 

4. Bacteroides siccusEggerthand Gag¬ 
non. {Eggerth and Gagnon, Jour. Bact., 
S5, 1933, 4\0\ Spherophonis siccus Pr(?vot, 
Ann. Inst. Past., 60, 1938, 299.) From 
I^atin siccus, dry. 

Short, thick rods; About 1.0 micron 
long. In glucose broth they are coccoid 
and often grow in short chains. Non- 
motile. Gram-negative. 

Gelatin; Not liquefied. 

Blood agar colonies; Elevated, dry, 
difficult to emulsify, 1.0 to 1.5 mm in 
diameter. 

Broth: Growth occurs as a powdery 
sediment with a clear supernatant fluid. 
Indole not formed. 

Hydrogen sulfide is formed. 

Milk: Unchanged. 

Nitrites not produced from nitrates. 
Acid but no gas from fructose. No acid 
or gas from glucose, glycerol, mannitol, 
sorbitol, arabinose, salicin, trehalose, 
amygdalin, cellobiose, glycogen, rham- 
nose, xylose or lactose. 

Non-pathogenic for white mice^and 

rabbits. 

Anaerobic. 

Distinctive characters: Gas is formed 
in small amounts from peptone. Phenol 
red and brom crcsol purple are de¬ 
colorized in meat infusion broth. 

Source: Two strains isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 


5. Bacteroides coagulans Eggerth and 
Gagnon. (Eggerth and Gagnun, Jour. 
Bact., 25, 1933, 409; Pastetirella coagvlam 
Prdvot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin coagulans, coaguhiling. 

Rods; 0.5 to 2.0 microns long. Bipolar 
staining. Non-motile. Gram-negative. 

Gelatin: Liquefied in 8 to 12 days. 

Blood agar colonies: Soft, transparent, 
0.5 mm in diameter. 

Broth: Diffuse growth. 

Indole is formed. 

Hydrogen sulfide is formed. 

Milk; Coagulated in 8 days without 
acid production. The coagulum partly 
redissoivcs after 3 to 4 weeks. 

Nitrites not produced from nitrates. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: No acid or gas 
from carbohydrates. A small amount 
of gas is formed from peptone. Phenol 
red and brom crcsol purple are de¬ 
colorized in a meat infusion broth. 

Source: One strain isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

6. Bacteroides varius Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 409; Sphewphnrus varius 
Prdvot, Ann. Inst. Past., 60, 193S, 299.) 
From Latin varius, diverse. 

Rods: 1.0 to 3.0 microns long. Staining 
uneven. Non-motile. Gram-negative. 

Gelatin: Not liquefied in 45 days. 

Blood agar colonies: Very flat cones, 
2.0 to 3.0 mm in diameter. 

Broth: Diffusely clouded. 

Indole is formed. 

Hydrogen sulfide produced. 

Milk; Not acidified or coagulated. 

Nitrites not produced from nitrates. 

Acid and gas from fructose, galactose, 
glucose and mannose. No acid or gas 
from esculin, amygdalin, arabinose, cello¬ 
biose, dextrin, glycerol, glycogen, inulin, 
lactose, maltose, mannitol, melezitose, 
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raffinose, rhamnose, salicin, sorbitol, 
starch, sucrose, trehalose or xylose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Distinctive characters: Gas is formed 
from peptone. Brom cresol purple and 
phenol red are decolorized in a meat in¬ 
fusion broth. 

Source: Two strains isolated from hu¬ 
man feces. 

Habitat: Probably intestinal canal of 
mammals. 

7. Bacteroldes inaequalis Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 407; Spherophorus inae- 
gualis Prdvot, Ann. Inst. Past., 60, 1938, 
298.) From Latin inaequalis, unequal. 

Rods: Wide variation in size and form. 
Marked pleomorphism on blood agar. 
Non-motile. Gram-negative. 

Gelatin: Not liquefied in 45 days. 
Blood agar colonies: Pin-point in size. 
Broth: Diffusely clouded. 

Indole is formed. 

Hydrogen sulfide is produced. 

Milk: Acidified but not coagulated. 
Nitrites not produced from nitrates. 
Acid but no gas from esculin, amyg- 
dalin, arabinose, fructose, galactose, 
glucose, lactose, maltose, mannose, raffi¬ 
nose, salicin, sucrose and xylose. No 
acid or gas from cellobiose, dextrin, 
glycerol, glycogen, inulin, mannitol, 
melezitose, rhamnose, sorbitol, starch 
and trehalose. 

Non-pathogenic for white mice and 

rabbits. 

.Anaerobic. 

Distinctive characters: Forms small 
amount (5 per cent in Smith tube) of 
gas from peptone water in the complete 
absence of carbohydrates. None of this 
gas is absorbed by alkali. Rapidly de¬ 
colorizes brom cresol purple and phenol 
red in meat infusion broth; slowly or 
not at all in peptone water. 

Source: One strain isolated from human 
feces. 


Habitat: Probably intestinal canal of 
mammals. 


8. Bacteroldes insolitus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 408; Ristella insolita 
Prdvot, Ann. Inst. Past., 60, 1938, 291.) 
From I>atin insolitus, uncommon. 

Short thick rods: 1.0 to 2.0 microns 
long. Often slender, curved, 2.0 to 3.0 
microns long. Non-motile. Gram- 
negative. 

Gelatin; Not liquefied in 45 days. 

Blood agar colonics: Minute, trans¬ 
parent. 

Broth: Heavy, diffuse growth. 

Indole is formed. 

Hydrogen sulfide is formed. 

Milk: Acidified and coagulated in 30 

to 35 days. 

Nitrites not produced from nitrates. 

Acid but no gas from fructose, galac¬ 
tose, glucose, glycerol, lactose, maltose 
and mannose. No acid or gas froni es¬ 
culin, amygdalin, arabinose, cellobiose, 
dextrin, glycogen, inulin, mannitol, melez¬ 
itose, raffinose, rhamnose, salicin, sor 
bitol, starch, sucrose, trehalose an 
xylose* 

Non-pathogenic for white mice and 
rabbits. 

.Anaerobic. . 

Distinctive characters; Brom cre^ 
purple and phenol red are rapidlj e 
colorized in a meat infusion broth. A 
small amount of gas is formed from peP' 

tone. 

Source : One strain isolated from human 

Habitat: Probably intestinal canal o 
mammals. 


Bacteroldes vescus Eggerth and 
non. (Eggerth and Gagnon, Jour. 

25, 1933, 406; 1 

rot. .Ann. Inst. Past., 60, 19^, 300.) 

n Latin vescus, small or weak, 
ender, pointed rods: 10 to ■ 
•ons long, sometimes slightlj cur 
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Bipolar staining. Non-motile. Gram¬ 
negative. 

Gelatin: Liquefied in 8 to 25 days. 
Blood agar colonies: Very minute and 
transparent. 

Broth: Diffusely clouded. 

Indole not formed. 

Hydrogen sulfide not produced. 

Milk: Neither acidified nor coagulated. 
Nitrites not produced from nitrates. 
Peptone: No gas. 

.\cid but no gas from cellobiose (in 30 
days), dextrin, glucose, maltose, man¬ 
nose and rhamnose. No acid or gas from 
esculin, amygdalin, arabinose, galactose, 
mannitol, melezitose, raffinose, salicin, 
sorbitol, starch, sucrose, trehalose, xylose, 
glycerol, glycogen, inulin, lactose or 
fructose, 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: One strain isolated from hu¬ 
man feces. 

Habitat: Probably intestinal canal of 
mammals. 

10. Bacteroldes exlguus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact,, 25, 1933, 407; Ristella exigua Prd- 
vot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin exiguus, small and narrow. 

Very small slender rods: 0.5 to 1.0 
micron long, occurring singly and in 
pairs. Non-motile. Gram-negative. 
Gelatin: Liquefied in 16 to 20 days. 
Blood agar colonies: These are of two 
types. One is pin-point in size, the 
other is large, gray, moist, 1.0 to 1.5 mm 
in diameter. 

Broth: Diffusely clouded. 

Indole not formed. 

Hydrogen sulfide not formed. 

Milk: Acidified and may or may not be 
coagulated in 35 to 40 days. 

Nitrites not produced from nitrates. 
Peptone: No gas. 

Acid but no gas from fructose, galac¬ 
tose, glucose, lactose, maltose, mannose, 
sucrose and trehalose. One strain fer¬ 


ments raffinose. No acid or gas from 
esculin, amygdalin, arabinose, cellobiose, 
dextrin, glycerol, glycogen, inulin, man¬ 
nitol, melezitose, rliamnose, salicin, sor¬ 
bitol, starch or xylose. 

Non-pathogenic for white mice and 
rabbits. 

.\naerobic. 

Source: Two strains isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

11. Bacteroldes uncatus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933 , 404; Ristella uncata 
Pr^vot, .\nn. Inst. Past., 60, 1938, 
291.) From I.atin uncatus, hooked at 
the tip. 

Hods: Extreme variations in size and 
form. The ordinary length is 5.0 to 8.0 
microns. Curved and hooked forms 
common. Non-motile. Gram-negative. 

Gelatin: Liquefied in 16 days. 

Blood agar colonies: Very minute and 
transparent. 

Broth: Turbid, growth is slow and 
light. 

Indole not formed. 

Hydrogen sulfide not formed. 

Milk: Not acidified or coagulated. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid but no gas after 8 to 30 days of 
incubation from dextrin, fructose, galac¬ 
tose, glucose, lactose, maltose, raffinose, 
rhamnose, salicin, starch and sucrose. 
No acid from esculin, amygdalin, arabi¬ 
nose, cellobiose, glycerol, glycogen, in¬ 
ulin, mannitol, mannose, melezitose, 
sorbitol, trehalose or xylose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: One strain isolated from human 
feces. 

Habitat: Probably intestinal canal of 
mammals. 

12. Bacteroldes vulgatus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
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Bact., S5, 1933, 401; PasteureUa vulgala 
Pr^vot, Ann. Inst. Past., 60, 193S, 292.) 
From Latin vulgatus, common. 

Oval rods: 0.7 to 2.5 microns long, usu¬ 
ally occurring singly, sometimes in 
pairs. One strain formed filaments 10 
microns long. Stain solidly, some 
strains show bipolar staining. Morphol¬ 
ogy very variable in glucose broth. 
Non-motile. Gram-negative. 

Gelatin: Liquefied in 4 to 20 days by 
all but one strain. 

Blood agar colonies: Soft, translucent, 
grayish, elevated, 1.5 to 2.0 mm in iliam- 
eter. Half of the strains arc hemolytic. 
Broth: Heavy and diffuse growth. 
Indole not formed. 

Hydrogen sulfide is formed. 

Milk: Acidified. Coagulated by some 
strain.? in 5 to 25 days. 

Nitrites not produced from nitrates. 
Acid and a snmil amount of gas from 
arabinose, dextrin, fructose, galactose, 
glucose, glycogen, inulin, lactose, nialtosc. 
mannose, raffinose, rhamnose, starch, 
sucrose and xylose. Seven strains 
fermented esculin. No acid or gas from 
amygdalin, ccllobiose, glycerol, mannitol, 
melezitose, salicin, sorbitol, trehalose, 
dulcitol, erythritol or inositol. 
Non-pathogenic for white mice an<l 

rabbits. 

Anaerobic. 

Distinctive characters: Does not form 
indole; does not produce gas from pep¬ 
tone. This is the commonest species 
found in the feces of adults. Differs 
from Bacieroidcs incommunis in that 
it does not ferment amygdalin and cello- 
biose, but does ferment glycogen and 
starch. Liquefies gelatin. 

Source: Thirty-eight strains isolated 
from human feces. 

Habitat: Probably intestinal canal of 
mammals. 

13, Bacteroldes incommunis Eggerth 
and Gagnon. (Eggerth and Gagnon, 
Jour. Bact., S5, 1933, 402; Ristella incom¬ 
munis Prdvot, Ann. Inst. Past., 60, 


1938, 291.) From Latin incommunis, 
not common. 

Rods: 0.5 to 1.5 by 1.0 to 3.0 microns, 
occurring singly. Stain solidly. Non- 
motile. Gram-negative. 

Gelatin: Not liquefied. 

Blood agar colonies; Elevated, slightly 
yellowish, 1 mm in diameter. One 
strain formed soft colonies; the other 
was stringy when emulsified. 

Broth: Growth is diffuse. 

Indole not formed. 

Hydrogen sulfide is formed. 

Milk: Acidified but not coagulated; 
coagulates promptly on boiling. 

Nitrites not produced from nitrates. 
Peptone: No gas. 

Acid and a small amount of gas from 
amygdalin, arabinose, ccllobiose, dextrin, 
fructose, galactose, glucose, inulin, lac¬ 
tose, maltose, mannose, raffinose, rham¬ 
nose, sucrose and xylose. One strain 
fermented glycogen and starch. 
action on csculin, glycerol, mannito, 
melezitose, salicin, sorbitol or trehalose. 
Non-pathogenic for white mice an 

rabbits. 

.Anaerobic. 

Source: Two strains isolated from hu¬ 
man feces. . 

Habitat: Probably intestinal canal ol 

mammals. 

14. Bacteroldes distasonis Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., S5, 1933, 403; Risiella 
Prdvot, Ann. Inst. Past , 60, 1938, 
Named for Distaso, Roumanian bac¬ 
teriologist. 

Rods: 0.5 to O.S by 1.5 to 2.5 microns, 
occurring singly. Staining solidly a^ 
having rounded ends. Some strai 
show a few bacilli 5.0 to 8.0 microns long. 
Non-motile. Gram-negative. 

Gelatin: Not liquefied by 16 strain^ 
The remaining 4 liquefied gelatin m 

to 50 days. . 

Blood agar colonies: Soft, ’ 

elevated colonies, 1.0 to 1.5 mm 
eter. Two strains markedly hemolyt 
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Broth: Growth is diffuse. 

Indole not formed. 

Hydrogen sulfide is produced. 

Milk: Acidified. All but 4 strains 
coagulate milk. 

Nitrites not produced from nitrates. 
Peptone: No gas. 

Acid but no gas from amygdalin, 
cellobiose, dextrin, fructose, galactose, 
glucose, inulin, lactose, maltose, man¬ 
nose, melezitose, raffinose, rhamnose, 
salicin, sucrose, trehalose and xylose. 
Fifteen strains ferment esculin. Fifteen 
strains slowly ferment starch. No acid 
or gas from arabinose, glycogen, glycerol, 
mannitol or sorbitol. 

Non-pathogenic for white mice and rab¬ 
bits. 

Anaerobic. 

Distinctive characters: Usually fails 
to liquefy gelatin. Fails to ferment 
arabinose. 

Source: Twenty strains isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

15. Bacteroides tumidus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., S5, 1933, 405; Rislella tumida 
Prdvot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin tumidus, swollen. 

Small, thick oval reds: 1.0 to 1.5 
microns long and occurring singly. The 
staining is solid. On glucose broth many 
swollen forms with irregular staining 
from 1.0 to 4.0 by 1.5 to 10 microns. 
The bodies of these swollen forms are 
usually very pale, with only the ends 
staining. Non-motile. Gram-negative. 
Gelatin; Liquefied in 12 to 20 days. 
Blood agar colonies: Soft, grayish, 
elevated colonics, 1 mm in diameter. 
Broth: Heavy, diffuse growth. 

Indole not formed. 

Hydrogen sulfide is produced. 

Milk: Acidified but not coagulated. 
Nitrites not produced from nitrates. 
Peptone: No gas. . 

Acid but no gas from dextrin, fruc¬ 


tose, galactose, glucose, glycogen, inulin, 
lactose, maltose, mannose, raffinose, sor¬ 
bitol, starch and sucrose. No acid or 
giis from esculin, amygdalin, arabinose, 
cellobiose, glycerol, mannitol, melezitose, 
rhamnose, salicin, trehalose or xylose. 

Non-palhogenic for white mice and 
rabbits. 

Anaerobic. 

Source: Four strains isolated from 
human feces. 

Habitat: Probably intestiiml canal of 
mammals, 

16. Bacteroides convexus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 85, 1933, 406; Pasleurclla convexa 
Prdvot, Ann. Inst. Past., 60, 1938, 292.) 
From Latin convexus, convex. 

Thick, oval rods: 0.8 to 1.5 microns 
long, occurring singly or in pairs. In 
glucose broth,^ the rods are usually 2.0 
to 3.0 microns long. Non-motile. Gram¬ 
negative. 

Gelatin: Liquefied in 20 to 30 days. 

Blood agar colonies: Elevated, grayish, 
somewhat opaque colonies, 1.0 to 1.5 
mm in diameter. 

Broth: Heavy diffuse growth. 

Indole not formed. 

Hydrogen sulfide is produced. 

Milk; Acidified and coaguhilcd in 4 
days. 

Nitrites not produced from nitrates. 

Peptone: No gas. 

Acid and a small amount of gas from 
esculin, amygdalin, cellobiose, dextrin, 
fructose, galactose, glucose, glycogen, 
inulin, lactose, maltose, mannose, raffi¬ 
nose, starch, sucrose and xylose. No 
acid or gas from arabinose, glycerol, 
mannitol, melezitose, rhamnose, salicin, 
sorbitol or trehalose. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: Five strains isolated from 
human feces. 

Habitat; Probably intestinal canal of 
mammals. 
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17. Bacteroides ovatus I^ggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 405; Pasleurclla ovata 
Pr6vot, Ann. Inst. Past., 60, 1938, 292.) 
From I.atin vvalus, egg-shaped. 

Small oval rods: 0.5 to 1.0 by 1.0 to 
2.0 microns, occurring singly. Stains 
solidly. Non-motilc. Gram-negative. 
Gelatin: Liquefied in 4 days. 

Blood agar colonies: Soft, grayish, 
elevated colonies, 1.0 to 1.5 mm in diam¬ 
eter. 

Broth: Diffuse, heavy growth. 

Indole is formed. 

Hydrogen sulfide is produced. 

Milk: Acidified and coagulated in 4 
days. 

Nitrites not produced from nitrates. 
Peptone: No gas. 

Acid and a small amount of gas from 
esculin, amygdalin, cellobiose, dextrin, 
fructose, galactose, glucose, glycogen, 
inulin, lactose, maltose, mannose, raffi- 
nose, rhamnose, starch, sucrose and 
xylose. No acid or gas from arabinose, 
glycerol, mannitol, melezitose, salicin, 
sorbitol or trehalose. 

Non-pathogenic for white mice and 

rabbits. 

Anaerobic. 

Source: One strain isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

18. Bacteroides unlfonnls Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 25, 1933, 400; Ristella unifoTmis 
Pr^vot, Ann. Inst. Past., 60, 1938, 291.) 
From Latin unifoTviis, of a single form. 

Small rods: 0.8 to 1.5 microns long, 
occurring singly, with rounded ends. 
Stain heavier at poles and around periph¬ 
ery. Non-motile. Gram-negative. 

Gelatin: Liquefied by two strains in 
15 to 40 days. Six strains did not liquefy. 

Blood agar colonies: Transparent, soft, 
elevated, 0.5 to 0.75 mm in diameter. 
Broth: Diffuse growth. 

Indole formed. 


Hydrogen sulfide produced slowly or 
not at all. 

Milk: Acidified and coagulated in 8 to 
12 days. 

Nitrites not produced from nitrates. 
Peptone: No gas. 

Acid but no gas from esculin, ainyg- 
dalin, arabinose, cellobiose, dextrin, fruc¬ 
tose, galactose, glucose, glycogen, inulin, 
lactose, maltose, mannose, melezitose, 
raffinose, salicin, starch, sucrose, treha¬ 
lose and xylose. No acid or gas from 
glycerol, mannitol, rhamnose, sorbitol, 

dulcitol, erythritol or inositol. 
Non-pathogenic for white mice an( 

rabbits. 

.\naerobic. 

Distinctive characters: Forms indole. 
Resembles Bacteroides vulgalus. 
Source; Eight strains isolated from 

human feces. 

Habitat: Probably intestinal canal of 
mammals. 


19. Bacteroides thetalotaomicron 
(Distaso) Castellani and Chalmers. 
{Bacillus thetaiolaomicron Distaso, Cent, 
f. Bakt., I Abt., Grig., 62, 1912 , 444; 
Castellani and Chalmers, Man. Trop. 
Med., 3rd ed., 1919, 960; SpherociHus 
thetaiolaomicron Pr^vot, Ann. Inst. Pas ■, 
60, 1938, 300.) The combination theta, 
iota and omicron is used because t e 
pleomorphic rods have the shape of t ese 


3reek letters. . 

Description Uken from Distaso (wc. 
:U.). More complete description 
36 found in Eggerth and Gagnon ( our 

Bact., .^5, 1933,399). 

Short, plump to oval rods, 
solidly or only at poles. Sometimes uith 
bar causing organism to resemb ® ^ 
letter theta. Motile (Distaso). 
motile (Eggerth and Gagnon). 
negative. 

Gelatin: No liquefaction. 

Glucose agar colonies: Large, 
parent, entire. Sometimes form ga 

bubbles. 

Broth: Turbid. 
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Egg albumen broth: Albumen not 
attacked. 

Indole is formed. 

Hydrogen sulfide produced (Eggerth 
and Gagnon). 

Litmus milk: Acid, coagulated. Curd 
shrinks with expulsion of turbid whey. 

Nitrates not recorded (Distaso). Ni¬ 
trites not produced from nitrates (Eg¬ 
gerth and Gagnon). 

Peptone: No gas (Eggerth and Gag¬ 
non). 

Acid and gas from esculin, amygdalin, 
arabinose, fructose, inulin, lactose, cello- 
biose, dextrin, galactose, glucose, glyco¬ 
gen, maltose, mannose, melezitose, 
raffinose, rliamnose, salicin, starch, su¬ 
crose, trehalose and xylose. Four strains 
fail to produce gas from any sugar. No 
acid or gas from glycerol, mannitol or 
sorbitol (Eggerth and Gagnon). 
Anaerobic. 

Distinctive characters: Resembles 
Bacteroides variabilis but is not cap- 
sulated, docs not liquefy gelatin, usually 
forms gas from sugars, and ferments 
melezitose and trehalose. Differs from 
Bacteroides uniformis in morphologj*, 
forming gas from sugars and in ferment¬ 
ing rhainnose (Eggerth and Gagnon). 

Source: Isolated frequently from 
human feces. 

liabitat: Intestinal canal of nmmmals 
(common). 

20. Bacteroldes variabilis (Distaso) 
Castellani and Chalmers. {Bacillus 
variabilis Distaso, Cent. f. Bakt., I 
Abt., Orig., 68, 1912, 441; Castellani and 
Chalmers, Man. Trop. Med., 3rd cd., 
1919, 960; Capsularis variabilis Prdvot, 
Ann. Inst. Past., 60, 1938, 293.) From 
Latin variabilis, variable. 

Short rods, with rounded ends, occur¬ 
ring singly. Some long flexuous rods. 
Capsulated. Non-motile. Gram¬ 
negative. 

Gelatin: No growth on plain gelatin 
(Distaso); liquefaction (Eggerth and 
Gagnon, Jour. Bact., 86, 1933, 400). 


Blood agar colonies: Smooth, glistening, 
elevated and very mucoid, about 1.0 
mm in diameter. 

Broth: Diffuse growth. 

Indole is formed. 

Hydrogen sulfide is formed. 

Litmus milk: Unchanged (Distaso); 
acidified and some strains coagulating 
in 25 to 35 days (Eggerth and Gagnon). 

Nitrites not produced from nitrates 
(Eggerth and Gagnon). 

Peptone: No gas. 

.Acid and gas from glucose, lactose and 
sucrose (Distaso). Acid and no gas from 
esculin, amygdalin, arabinose, cello- 
biose, dextrin, fructose, galactose, 
glycogen, inulin, lactose, glucose, 
maltose, mannose, raffinose, rhainnose, 
salacin, starch, sucrose and xylose. 
No acid or gas from glycerol, mannitol, 
melezitose, sorbitol or trehalose (Eg¬ 
gerth and Gagnon). 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Optimum temperature 37“C. 

Distinctive cliaracters: Capsulated. 

Source: Isolated from human feces by 
Distaso, and by Eggerth and Gagnon 
(8 strains). 

Habitat: Probably intestinal canal of 
mammals. 

21. Bacteroldes gulosus Eggerth and 
Gagnon. (Eggerth and Gagnon, Jour. 
Bact., 85, 1933,398; 5p/ierop/(orus gulosus 
Prdvot, -Ann. Inst. Past., 60, 1938, 298.) 
From Latin gulosus, gluttonous. 

Small oval rods: 0.8 to 1.0 by 1.0 to 2.0 
microns, staining deeper around periph¬ 
ery. Non-motile. Gram-negative. 

Gelatin: Liquefied in 2 to 3 weeks. 

Blood agar colonies: Soft, gray, entire, 
elevated, 2 mm in diameter. 

Broth: Heavy and diffuse growth. 

Indole formed. 

Hydrogen sulfide is formed. 

Milk: Acidified and coagulated in 4 to 
20 days. 

Nitrites not produced from nitrates. 
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Acid and a very small amount of gas 
from esculin, amygdalin, arabinose, ccl- 
lobiose, dextrin, fructose, galactose, 
glycogen, inuliti, lactose, glucose, mal¬ 
tose, mannitol, mannose, mclezitose, 
raffinose, rhamnose, &ilicin, sorbitol, 
starch, sucrose, trehalose and xylose. 
Sorbitol and mannitol require 2 to 3 weeks 
for fermentation. Neither acid nor gas 
from glycerol, dulcitol, erythritol or 
inositol. 

Peptone: No gas. 

Non-pathogenic for white mice and 
rabbits. 

Anaerobic. 

Source: Seven strains isolated from 
human feces. 

Habitat: Probably intestinal canal of 
mammals. 

22. Bacteroides melaninogenicus (Oli¬ 
ver and Wherry) Roy and Kelly. {Bac¬ 
terium melaninogenicum Oliver and 
Wherry, Jour. Inf. Dis., 28, 1921, 341; 
Hemophilus melaninogenicus Rergey ot 
al., Manual, 3rd ed., 1930, 314; Htslella 
melaninogenica Prdvot, Ann. Inst. Past., 
60, 1939, 290; Roy and Kelly, in Manuid, 
5th cd., 1939, 5C9.) From Greek, black- 
producing. 

Description taken from Oliver and 
Wherry {loc. cil.) and Burdon (.lour. 
Inf. Dis., 42, 1928, 161). 

Rods: 0.8 by 1.0 to 3.0 microns. Non- 
motile. Gram-negative. 

Serum gelatin stab: Dense flocculcnt 
growth at 37°C. No liquefaction. 

Blood agar slant: Confluent, black, 
dry layer. The blood is disintegrated 
in one to two weeks forming melanin. 
The medium becomes colorless. 

Sodium phosphate broth: Turbid. 
Litmus milk: Slow acidification but no 
coagulation. 

Blood serum slant: Fairly luxuriant, 

white, moist layer. 

Acid from fructose, glucose, lactose, 
maltose, sucrose and mannitol. No acid 
from galactose. 

Non-pathogenic for rabbits, guinea 


pigs and white mice (Burdon). Anaero¬ 
bic. 

Optimum temperature 37®C. 

Distinctive characters: Growth very 
poor unless fresh body fluids are added 
to the medium. Grows more readily in 
mixed culture. When grown on a me¬ 
dium containing haemoglobin, a black 
pigment is produced (melanin). 

Source: Oral cavity, external genitalia, 
infected surgical wound, urine and 
feces (Oliver and Wherry). 

Habitat: Inhabits healthy mucous 
membranes of mammals, but may take a 
part in various pathological processes 
(Burdon). 

23. Bacteroides caviae (Vinzeiit) Haii- 
duroy et al. {Strcplobacillus caviae 
Vinzent, .Ann. Inst. Past., 42, 1928, 533; 
Hauduroy ct al., Diet. d. Bact. Path., 
10.37, 53; Spherophorus caviae Prdvot, 
Ann. Inst. Past., 00, 1938, 299.) From 
Cavia, a genus of rodents. 

Rods: Small, sometimes curved. 
Usually 0.3 to 0.5 by 1.0 to 1.5 microns. 
Occurring singly and in chains. Pleo¬ 
morphic in old cultures with long 
filamentous forms. Non-motile. Gram- 
negative. 

Serum gelatin: No liquefaction. 

Scrum agar: Surface colonies, small, 
translucent, slightly raised, adherent to 
medium in 48 hours. Deep colonie-s, 
lenticular, 2 mm in size in 48 hours, 
(^lunies difiicuit to break up. No gas. 

Serum broth: Supernatant fluid clear, 
with small, stellate colonies, which tend 
to adhere to walls of the tube. No gas- 

Indole not formed in serum peptone 

water. 

Hydrogen sulfide not formed. 

Milk: Unchanged. 

Coagulated egg white and serum not 
liquefied. 

No acid or gas from carbohydrates. 

Pathogenic for guinea pigs, rabbits an 

mice. 

Anaerobic. 

Optimum temperature 37*C. 
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Distinctive characters: No growth 
unless serum is added to the medium. 

Source: From epidemic benign cervical 
adenitis of guinea pigs. 

Habitat: Infected guinea pigs so far 
as known. 

Appendix I: Additional species which 
may belong here. 

Bacteroides laevis (Distaso) Bergcy 
et al. {Bacillus laevis Distaso. Cent. f. 
Bakt., I Abt., Grig., 1012, 441; Bergey 
ct al., Manual, 1st ed., 1023, 250; not 
Bacillus laevis Frankland and Frank- 
land, Phil. Trans. Roy. Soc. London, 
178, B, 1887, 278.) From feces. 

Bacteroides liquefaciens (Distaso) Ber- 
gey et al. {Coccubacillus liquefaciens 
Distaso, Cent. f. Bakt., I Abt., Grig., 
69, 1911, 102; Bergey et al., Manual, 1st 
ed., 1923, 262.) From feces. 

Bacteroides rigidus (Distaso) Bergey 
et al. {Bacillus rigidus Distaso, Cent, 
f. Bakt., I Abt., Grig., 59, 1911, 103; 
Bergey et al., Manual, 1st ed., 1923,263.) 

Appendix H*: Pr<5vot (Ann. Inst. Past., 
60, 1938, 285 and Man. de Class, ct dc 
D^term. des Bact. Anadrobies, 1940, 38) 
has arranged some of the anaerobic, non- 
spore-forming, Gram-negative, largely 
parasitic rods in two families, Ristcllaccae 
and Spherophoraceae, as follows: 

Family Ristellaceae Prdvot. 

(Ann. Inst. Past., GO, 1938, 288.) 
Oenus I. Ristella Prevot. 

{Loc. cii., 289.) 

Straight or slightly bent, non-motile 
rods. Not capsulatcd. Gram-negative. 
Anaerobic. 

1. Ristella fragilia. See Bacteroides 
fragilis» 


2 . Ristella melaninogenica. See Dac- 
Icroides mclaninogenicus. 

3. Ristella kaloseplica (Wyss) Prdvot. 
{Bacterium haloscpticum Wyss, Mitt. 
Grenz. Med. u. Cliir., 13, 1904, 199; 
Prdvot, loc. cit., 291.) From a fatal case 
of osteomyelitis in man. For a de.scrip- 
tion of (his species, see Manual, 5th ed., 
1939, 570. 

4. Ristella putredinis (Weinberg etal.) 
Prdvot. (Bacillus A, Heyde, Beitr. z. 
klin. Chirurg., 76, 1911, 1; Bacillus pu¬ 
tredinis Weinberg et al., Lcs Microbe? 
Anadmbics, 1937, 755; Prdvot, loc. cit., 
291.) I'iftccn strains isolated from acute 
appendicitis. For a description of this 
species, see Manual, 5th ed., 1939, 571. 

5. Ristella terebrans (Brocard and 
Pham) Prevot. {Bacillus terebrans Bro¬ 
card and Pluun, Compt. rend. Soc. Biol., 
Paris, 117, 1934, 997; Pr6vot, loc. ciL, 
291.) Two strains isolated from cases 
of gangrenous erysipelas, associated with 
a streptococcus. Fora descriptionof this 
species, sec Manual, 5th ed., 1939, 571. 

4 

6 . Ristella furcosa (Vcillonand Zuber) 
Pr(5vot. {Bacillus furcosus Veillon and 
Zuber, Arch. M(*d. Exp. et Anat. Path., 
10 , 1898; Fusiformis furcosus Topley 
and Wilson, Princip. Bact. and Immun., 
1st ed., /, 1931,302; Bacteroides furcosus 
Hauduroy et al., Diet. d. Bact. Path., 
1937, Cl; Prevot, loc. cit., 291.) From 
cases of appendicitis and from lung 
abscc.sscs. For a description of this 
species, see Manual, 5th ed., 1939, 572. 

7. Ristella pulida (Weinberg et al.) 
Prdvot. {Bacillus gracilis putidus Tis- 
sier and Marlelly, Ann. Inst. Past., 16, 
1902, 865; Bacillus putidus Weinberg 
ct a)., I.es Microbes Anadrobies, 1937, 
790; not Bacillus putidus Kern, Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 


• Rearranged by Mrs. Eleanorc Heist Clise, New York State Experiment Station, 
Geneva, Now York, December, 1945. 
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400; Prevot, loc. cit., 291.) From putre¬ 
fying meat. For a description of this 
species, see Manual, oth ed., 1939,573. 

8 . Risiclla clostridiiformis (Ankersmit) 
Prevot. (Bacierium closlridiiformis 
Ankersmit, Cent. f. Bakt., I Abt., 
Orig., 40, 1906, 115; Prevot, loc. cit., 
291.) From the normal intestines of 
cattle. For a description of this species, 
see Manual, 5th ed., 1939, 574. 

9. Ristella perfoelens (Weinberg et al.) 
Prevot. {Coccobacillus anaerobius per- 
foetens Tissier, These Med., Paris, 1900; 
Bacterium perfoelens Weinberg et al., 
Les Microbes Ana^robies, 1937, 790; 
Bacleroides perfoelens Hauduroy et al., 
Diet. d. Bact. Path., 1937, 67; Prevot. 
loc. cit., 291.) From the intestines of 
infants with diarrhoea. For a descrip¬ 
tion of this species, see Manual, 5th ed., 
1939, 575. 

10. Ristella thennophila 0 (Weinberg 
et al.) Prdvot. (Thermo jS, Veillon, 
Ann. Inst. Past., 36, 1922, 430; Bacillus 
therjnophilus Weinberg et al., Les 
Microbes Ana^robies, 1937, 800; Prevot, 
loc. cit., 291.) From manure. Xon- 
pathogenic. 

11. Ristella tkeTmophila y (Weinberg 
et al.) Br6vot. (Thermo y, Veil- 
Ion, Ann. Inst. Past., 1922, 432; 
Bacillus thermophilus y Weinberg et al., 
Les Microbes Ana^robies, 1937, 800; 
Prevot, loc. cit., 291.) From manure. 
For a description of this species, see 
Manual, 5th ed., 1939, 575. 

12. Ristella incommunis. See Bac¬ 
leroides incommunis. 

13. Ristella insolita. See Bacteroides 
insolilus. 

14. Ristella kalostnophila (Baumgart¬ 
ner) Prdvot. {Bacleroides halosmophi- 
lus Baumgartner, Food Research, 2, 1937, 
321; Prdvot, Man. dc Class, et de D^term. 


des Bact. Ana^robies, 1940, 47.) From 
salted Mediterranean anchovies. Fre¬ 
quently found in the fish muscle and in 
the solar s;ilt (the probable infecting 
agent) in which the fish is packed. Fora 
description of this species, see Manual, 
5th ed., 1939, 584. 

15. Ristella naviformis (Jungano) 
Prevot. (Bacillus Jiaviformis Jungano, 
Compt. rend. Soc. Biol., Paris, 66 , 1909, 
122; Prdvot, .\nn. Inst. Past., 60, 1938, 
291.) From the large intestine of the 
rat. For a description of this species, 
see Manual, 5th ed., 1039, 573. 

16. Ristella lichenis-plani Prtivot. 
(Bacillus of lichen planus, Jacob and 
Helmbold, .-Vreh. Derm. Syph., 3, 1933, 
28; Prevot, loc. cit., 291.) From the 
lesions of an inflammatory skin disea.se. 
lichen planus. 

17. Ristella deslillalionis (Weinberg et 
al.) Prevot. (Bacterium, TunnicliH- 
Jour. Inf. Dis.. l3, 1913, 2.S3; Bacterium 
deHtillaiionis Weinberg et al., Lcs 
Microbes Ana(^robics, 1937, 762; Prdvot, 
loc. cit., 291.) From a case of chrome 

bronchitis. 


18. Ristella uniformis. See Bade 
roides uniformis. 


19. Ristella distasonis. See 
roides distasojiis. 

20. Ristella uncata. See Bacleroides 
uncatus. 

21. Ristella tumida. See Bacleroides 
lumidus. 


22. Ristella exigua. See Bacleroides 
exiguus. 

23. Ristella Irichoides (Potez 
pagnon) Prevot. {Bacillus InchoidJ 

Potez and Compagnon, „ 

Soc. BioL, Paris, 37, 1922, 339; Bac 
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teroides trichoides Hauduroy et al., 
Diet. d. Bact. Path., 1937, 78; Prdvot, 
loc.cil.,'2Q2.) From a case of choleocysti- 
lis. For a description of this species, 
see Manual, 5th ed., 1939, 572. 

24. Ristella glutinosa (Guillemot and 
Hall4) Pr4vot. {Bacillus glulinosus 
Guillemot and Hall^, Arch. M4d. Exp. 
et Anat. Path., 16, 1904, 599; Bacteroides 
glutinosus Hauduroy et al., Diet. d. 
Bact. Path., 1937, 61; Pr^vot, loc. cit., 
292.) From purulent pleurisies. 

25. Ristella capillosa (Tissier) Prdvot. 
{Bacillus capillosus Tissier, Ann. Inst. 
Past., £2, 1908, 189; Pr^vot, loc. cit., 
292.) From the intestines of infants. 
For a description of this species, see 
Manual, 5th ed., 1939, 573. 

26. Ristella cylindroides (Rocchi) Pr6- 
vot. {Bacterium cylindroides Rocchi, 
Lo stato actuale delle nostre cognizioni 
sui germi anaerobi Gamberinc e Parmez- 
ziani, Bologna, 1908; Pr4vot, loc. cit., 
292.) From the human intestine. For 
a description of this species, see Manual, 
5th ed., 1939, 574. 

Genus II. Pasteurella Trevisan. 

Four species. See Bacteroides vul- 
gatus, Bacteroides ovatus, Bacteroides 
convexus, and Bacteroides coagulans. 

Genus III. Diallster Bergey el al. 
Two species. See Dialister. 

Genus IV. Capsularls Prkvol. 

{hoc, cit., 290.) 

Characters as for the genus Ristella, 
but capsulated. 

1. Capsularis zoogleiformans (Wein¬ 
berg et al.) Pr4vot. {Bacillus mucosus 
anaerobius Prausnitz, Cent. f. Bakt., I 
Abt., Orig., 89, 1922, 126; Bacterium 
zoogleiformans Weinberg et al., Les 


Microbes Ana^robies, 1937, 725; Bac- 
teroides praussnitzii Hauduroy et al., 
Diet. d. Bact. Path., 1937, 68; PriJvot, 
loc. cit., 203.) From a purulent em¬ 
pyema in man. For a description of this 
species, see Manual, 5th ed., 1939, 576. 

2. Capsularis mucosus (Weinberg et 
al.) Prdvot. {Coccobacteriiim mucosum 
anaerobicum Klinger, Cent. f. Bakt., I 
.\bt., Orig., 62, 1912, 186; Bacterium 
mucosum Weinberg et al., Les Microbes 
Ana^robies, 1937, 727; Bacteroides m- 
cosus Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 81; Prdvot, loc. cit., 293.) 
From a brain abscess following bron¬ 
chiectasis in man. For a description of 
this species, see Manual, 5th ed., 1939, 
575. 

3. Capsularis variabilis. See Bac¬ 
teroides variabilis. 

Genus V. Zuberella Prevot. 

{Loc. cit., 290.) 

(’liaracters as for the genus Ristella, 
but motile with peritrichous flagella. 

1. Zuberella serpens. See Bacteroides 
serpens. 

2. Zuberella praeacula (Tissier) Pr(5- 
vot. {Coccobacillus praeaculus Tissier, 
Ann. Inst. Past., 22, 1908, 189; Pr^vot, 
loc. cit., 293.) From the intestines of 
infants. For a description of this spe¬ 
cies, sec Manual, 5th ed., 1939, 577. 

3. Zuberella clostridiiformis mobilis 
Pr^vot. {Bacterium clostridiiformis 
Chouk4vitch, Ann. Inst. Past., 25, 1911, 
345; Pr^vot, loc. cit., 293.) From the 
intestines of a horse. Chouk^vitch con¬ 
sidered his organism the same as Anker- 
smit’s Bacterium clostridiiformis, al¬ 
though the former was motile. 

4. Zuberella aquatilis Prdvot. (Spray 
and Laux, Amer. Water Works Assoc. 



578 


MWI AL OF bLTLFMlXATIVK BACTERIOLOGY 


22, 1930, 235; PiY'Vot, loc. ciL, 293.) 
From river water. For a description of 
this organism, sec Manual, 5lh ed., 1939, 
677. 

5. ZuhcrcUa varicgaUi (Distaso) Pr<5- 
vot. {Bacillus laricf/alus Distaso, Cent, 
f. Bakt., I Aht.. Orig.. 62, 1012, 445; 
Bocleroulcs ku icgolus Castellani and 
Chalmers. Man. Trop. Med., 3rd ed., 
1919, 960; Prevnt, loc. cil., 293.) From 
the intestines. For a description of this 
species, .see Manual, 5th ed., 1939, 578. 

6 . ZubcrcHa rhinilis (Tunnicliff) Pri¬ 
vet. {Bacillus rhinilis TuniiiclilT, Jour. 
Inf. Dis., 16, 1915, 403; Prdvot, loc. cil., 
293.) Thirty-two strains isolated from 
the nasopharynx in human beings suffer¬ 
ing from pharyngitis, tonsilitis, bron¬ 
chitis and rhinitis, as well as from the 
nasal mucosa of normal human beings, 
rabbits, guinea pigs and dogs. For a 
description of this species, see Manual, 
5th ed., 1939, 576, 

Family Spherophoraceae Prevot. 

{Loc. cit., 289.) 

Genus I. Spherophorus Brevol. 

{Loc. cit., 297.) 

Very pleomorphic rods. Metachro- 
matic granules common in elongated 
forms. Non-motile. Non-spore-form¬ 
ing. Gram-negative. 

1. Spherophorus necrophonis (Flugge) 
Prdvot. (Bacillus der luUberdiphthe- 
rie, Loefflor, Mitteil. kaiserl. Gesund- 
heitsamte, 2, 1884 , 493; Bacillus 

diphtheriae vUnlorum Flugge. Die Mikro- 
oi^nismen, 2 Aufl., 1886, 265; Bacillus 
necrophorus Fltlggc, ibid., 273; Bacillus 
diphlkeriae-vHulorum Trevisan, I generi 
e le specie delle Batteriacee, 1889, 13; 
Bacillus filiformis Shutz; not Bacillus 
filiformis Tils, Ztschr. f. Hyg., 9, 1890, 
294; not Bacillus filiformis Migula, Syst. 


d. Bakt., 2, 1900, 587; Nekrosebacillen, 
Bang, Maanodskrift f. Dyrleager, 2, 1890, 
235; Strcplolhrix cuniculi Schmorl, Deut. 
Ztschr. f. Tiermed., 17, 1891, 376; Acti¬ 
nomyces cuniculi Gasperini, Mittheil. 
11 Internat. Mod. Congr. Rome, see 
Cent. f. Bakt., 15, 1894, 684; not Acti¬ 
nomyces cuniculi Erikson, Med. Res. 
Council Spec. Kept. 8er. 203, 1935, 32; 
Oospora diphtheriae vitulorum Lehmann 
and Neumann. Bakt. Diag., 1 Aufl., 2, 
1896, 393; Actinomyces necrophorus 

Lehmann and Neumann, Bakt. Diag., 
2 Aufi.. 2, 1899, 434; Sireplothrix necro- 
phora Kitt, Bakterienkunde, 1899; Cory- 
nebaclerium nccrophoruni Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2, 1907, 
531; Bacillus necroseos Salomonsen, 
quoted from Lehmann and Neumann, 
ibid., 532; Cladothrix cuniculi Mac6, 
Trait<5 de Bact., 6tii ed., 2, 1913, 753; 
Bacterium necrophorum Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
504; Fusiformis necrophorus Toplcy and 
Wilson, Princip. Bact. and Immun., 1st 
ed., i, 1931,299; Prevot, Ann. Inst. Past., 
60, 1938, 298.) Because of the impor¬ 
tance of this organism, a description is 
included here: 

Rods: 0.5 to 1.5 microns wide, forming 
long filaments, up to SO to 100 microns 
long. Some authors report branching, 
others deny this. Short forms are re- 
portcil by Schmorl to be motile. Gram 
negative. 

Gelatin stab: No liquefaction. 

Agar colonies: Small, dirty-white, 
circular, opaque, with yellowish center 
under low power lens. Margin floccose. 

Agar stab: Yellowish colonies along 
needle track. Gas bubbles produced. 

(k)agulated blood serum: Small, whit¬ 
ish colonics, becoming opaque, fimbriate. 

Broth: Turbid, with gas. Cheesc-litte 

odor. 

Indole is formed. ' 

Litmus milk: Cheese-like odor. ■ ei 

fied and generally coagulated. 

Nitrites not produced from nitrates. 

Anaerobic. 
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Optimum temperature 37®C. 

Produces a soluble exotoxin. 

Source and habitat: Causes diphtheria 
in cattle with multiple sclerotic absces¬ 
ses; gangrenous dermatitis in horses and 
mules; multiple necrotic foci in liver of 
cattle and hogs. One case of hunuin 
infection reported. Transmissible to 
mice and rabbits. 

2. Spherophorus fujidxdiformis. See 
Bacleroides funduliformis. 

3. Spherophorus necrogenes (Wein¬ 

berg et al.) Prdvot. (Bacillus, Kawa- 
mura, Jour. Jap. Soc. Vet. Sci., 5, 1926, 
22; Bacillus necrogenes Weinberg ct al., 
Les Microbes Ana^robies, 1937, 381; 
Pr^vot, loc. ci’L, 298.) From epidemic 
abscesses in hens. 

4. Spherophorus necroticus (Nati- 

velle) Pr^vot. {Bacillus necroticus 
Nativclle, 1936, see Weinberg et a!., Les 
Microbes Ana^robies, 1937, 693; Pr^vot, 
loc. cit., 298.) From a case of gangrenous 
appendicitis. For a description of this 
species, see Manual, 6th ed., 1939, 580. 

5. Spherophorus peritonitis Prdvot. 

(Bacillus, Ghon and Sachs, Cent. f. 
Bakt., I Abt., Orig., S8, 1905, 1 and 131; 
Pr4vot, loc. cil., 298.) From peritoneal 
exudate. 

6 . Spherophorus gulosus. See Bac- 
ieroides gulosus. 

7. Spherophorus inaequalis. See Bac- 


ieroides inaequalis. 



8 . Spherophorus varius. 

Sec 

Bac- 

ieroides varius. 



9. Spherophorus siccus. 

See 

Bac- 


icroides siccus. 

10. Spherophorus mortiferus (Harris) 
Pr6vot. {Bacillus mortiferus Harris, 
Jour. Exp. Med., 5, 1901, 619j Pr4vot, 


loc. cit., 299.) From a liver abscess in 
man. For a description of this species, 
sec Manual, 5th ed., 1939, 581. 

11 . Spherophorus freundi (Hauduroy 
ct al.) Prdvot. (Freund, Cent. f. Bakt., 
I Abt., Orig., 88, 1922, 9; Bacterium of 
Freund, Weinberg et al., Les Microbes 
.\nadrobics, 1937, 706; Bacleroides freun- 
dii Hauduroy etal., Diet. d. Bact. Path., 
1937, 57; Pr6vot, loc. cil., 299.) From a 
purulent meningitis following otitis in 
man. For a description of this species, 
see Manual, 5th ed., 1939, 581. 

12. Spherophorus pyogenes (flaudu- 
roy et al.) Prdvot. (Buday, Cent. f. 
Bakt., I Abt., Orig., 77, 1916, 453; Bacil¬ 
lus pyogenes anaerobius Bela-Johan, 
Cent. f. Bakt., I Abt., Orig., 87, 1922, 290; 
Bacleroides pyogenes Hauduroy ct al.. 
Diet. d. Bact. Path., 1937, 69; Prdvot, 
loc. cit., 299.) From abscesses of the 
liver and lungs following septic war 
wounds. Also from the blood stream 
following tonsillectomies. For a de¬ 
scription of this species, see Manual, 
5th ed., 1939, 582. 

13. Spherophorus gonidiaformans 
(TunniclifT and Jackson) Prdvot. {Ba¬ 
cillus gonidiaformans TunniclifT and 
Jackson, Jour. Inf. Dis., S6, 1925, 430; 
Actinomyces gonadiformis (sic) Bergey 
et al., NLanual, 3rd ed., 1930, 469; Bac- 
ieroides gonidiaformans Hauduroy et al., 
Diet. d. Bact. Path., 1937, 62; Prdvot, 
loc. cit., 299.) From a tonsil. For a 
description of (his species, sec Manual, 
5th ed., 1939, 582. 

14. Spherophorus floccosus (Weinberg 
et al.) Pr($vot. {Streplobacillus pyogenes 
floccosus Ck)uromont and Cade, Arch. 
Med. Exp., 12, 1900, 393; Bacillus floe- 
cosus Weinberg ct al., Les Microbes 
AnadrobicB, 1937, 698; not Bacillus 
floccosus Kern, Arb. bakt. Inst. I^arls- 
ruhe, 1, Heft 4, 1896, 424; Bacleroides 
floccosus Hauduroy et al., Diet. d. Bact. 
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Path., 1937, 55; Prdvot, loc. dl., 299.) 
From blood in pyemia of man. For a 
description of this species, see Manual, 
5fh ed., 1939, 580. 

15. Spherophorus injluenzaeformis 
(Russ) Provot. (Bacillus injluenzae¬ 
formis Russ, Cent. f. Bakt., I Abt., 
Orig., 89, 1005, 357; Bacleroidcs russii 
llauduroy ot al.. Diet. d. Bact. Path., 
1937, 73; Provot, loc. ciL, 299.) One 
strain isolated from a perianal abscess 
and two strains from purulent meningitis 
in man. Fora description of this species, 
see Manual, 5th ed., 1930, 583. 

16. Spherophorus caviae. See Bac- 
tcroides caviae. 

(icnn.s 11. Spherocillus BreroL 

(Loc. cil., 297.) 

Characters as for the genus Sphero¬ 
phorus, but motile with perilrichous 
Hagella. 

1. Spherocillus bullosus (Distaso) Prd- 
vot. (Bacillus bullosus Distaso, Cent, 
f. Bukt., I Abt., Orig., 62, 1912, 443; 
Bacteroides bullos^ls Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
960; Prt^vot, loc. cit., 300.) From the 
intestinal canal. For a description of 
this species, see Manual, 5th ed., 1939, 
583. 

2. Spherocillus theiaiotaomicron. See 
Bacleroidcs thelaiolaomicron. 

3. Spherocillus wirlhi Prdvot. (Bacil¬ 
lus, Wirth, Cent. f. Bakt., I Abt., Orig., 
m, 1928, 201; Prdvot, loc. cit., 300.) 
From a case of acute otitis. 

Appendix III: The following addi¬ 
tional species have been found in the 
literature. 

Actinomyces pseudonecrophorus Harris 
and Brown. (Bull. Johns HopkinsHosp., 


ItO, 1927, 203.) From the uterus in 
cases of puerperal infection. Probably 
should be classified near Spherophorus 
necrophorus. For a description of this 
species, see Manual, 5th ed., 1939,579. 

Bacillus anaerobius gracilis Lewko- 
wicz. (Arch. Mdd. Exp., IS, 1901, 633.) 
From the mouths of infants. 

Bacillus angulosus Gamier and Simon. 
(Presse M^d., 1909, 473.) From the 
blood of an infant with typhoid fever. 

Bacillus annulijormans Massini. 
(Ztschr. f. gesam. Exp. Med., 1913, 81.) 
From a tuberculous cavity of man. 
Pathogenic. 

Bacillus circularis major Heurlin. 
(Bakt. Unters, d. Keimgehaltes im 
Genitalkanale d. fiebernden Wochnerin- 
nen. Helsingfors, 1910, 168.) From the 
genital canal. Anaerobic. Gram-nega¬ 
tive. 

Bacillus limitans Heurlin. (Ibid., 
165.) From the genital canal. Anaero¬ 
bic. Gram-negative. 

Bacillus nebulosus Hall^. (HalM, 
These de Paris, 1898; not Bacillus nebu¬ 
losus Vincent, Ann. Inst. Past., 21, 1907, 
69.) From the human vagina. 

Bacillus stellatus Vincent. t\ incent, 
Ann. Inst. Past., 21, 1907, 62; not Bacil¬ 
lus stellatus Chester, Man. Determ. 
Bact., 1901, 274.) From water. 

Bacillus symbiophiles Shottmuller. 
(Leitfaden f. d. klin. bakt. Kultur., 
Berlin, 1923.) From the blood in a case 
of puerperal fever. 

Bacterium albarrani Jung^no. (Comp • 

rend. Soc. Biol., Paris. 6 S, 1907 . 302.) 

From a case of cystitis. 

Bacterium minutissimum Le B 
and Guggenheim. (Cocco-bacillus minu 
tissimum gazogenes Jacobson, Ann. Inst. 
Past., 22, 1908,300; Le Blayeand Guggen¬ 
heim, Manuel Pratique de Diagnostic 
Bact., Viget Yrhres, 1914.) From in¬ 
testines of infants. . 

Bacteroides splenomegaliae (Pinoyi 
Hauduroy et al. (Synbacieritim spt^o- 
megaliae Pinoy, Compt. rend. Acad, bci., 
Paris, 182, 1926, 1429; Hauduroy et ai., 
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Diet. d. Bact. Path., 1937, 75.) From 
cases of splenomegaly in Algeria. Patho¬ 
genic. 

Pasteurella anaerobioniica I^evinthal. 
(Cent. f. Bakt., I Abt., Orig., 106, 1928, 
195.) From the naso-pharynx of man. 


Streptobacillus gracilis Guillemot and 
HalM. (Guillemot and HalM, Arch. 
M^d. Exp. et Anat. Path., 16, 1994, 598; 
Bacterokles streplobacilliformis Haudu- 
roy et al., Diet. d. Bact. Path., 1937, 76.) 
From putrid pleurisies. 


Genus II. Fusobacterium Knorr.* 

(Knorr, Cent. f. Bakt., I Abt., Orig., 87, 1922,536; Fusiformis Pr^votand Fusocillus 
Pr^vot, Ann. Inst. Past., 60, 1938, 300.) 

Gram-negative, anaerobic rods, usually with tapering ends. Usually non-motile. 
Stain with more or less distinct granules. 

The type species is Fusobacterium plauU-vincenti Knorr. 

Key to the species of genus Fusobacterium. 

I. Acid from maltose. 

A. No gas produced. 

1. Fusobacterium plauii-vincenli. 

B. Gas produced. 

2. Fusobacterium biacutum. 

II. No acid from maltose. 

A. Disagreeable odor produced on cultivation. 

3. Fusobacterium nucleatum. 

B. No odor produced. 

4. Fusobacterium pohjmorphum. 


1. Fusobacterium plautl-vincentl 
Knorr. (Knorr, Cent. f. Bakt., I .\bt., 
Orig., 89, 1923, 16; Fusiformis plauti- 
vincenti and Fusiformis vincenti Haudu- 
roy etal., Diet. d. Bact. Path., 1937,240.) 
Named for H. C. Plautand forH. Vincent 
who studied diseases of the respiratory 
tract. 

The relationships between this organ¬ 
ism and the following have not been 
clearly established: Fusiformis dentium 
Hoelling, Arch. f. Protistenkunde, 19, 
1910, 240; Bacillus fusiformis Veillon 
and Zuber, Arch, de m4d. exp6r., 10 , 
1898, 617 {Corynebacleriurn fusiforme 
Lehmann and Neumann, Bakt. Diag., 
4 Aufl., 2, 1907, 529); not Bacillits fusi¬ 
formis Gottheil, Cent. f. Bakt., II Abt., 
7, 1901, 724; Fusiformis fusiformis 
Topley and Wilson, Princip. of Bact. 
and Immun., let ed., 1, 1931, 300. 

Weinberg, Nativelle and Pr6vot (Les 
Microbes Ana^robies, 1937, 804) and 


Prdvot (Ann. Inst. Past., 60, 1938, 285) 
make a distinction between Plant’s 
bacillus {Fusocillus plauti) and Vin¬ 
cent’s bacillus (Fusiformis fusiformis), 
the former being actively motile and non- 
pathogenic and the latter non-motile and 
pathogenic. 

Rods; 0.5 to 1.0 by 8 to 16 microns, 
occurring in pairs with blunt ends to¬ 
gether and outer ends pointed, sometimes 
in short, curved chains or long spirillum- 
like threads. Granules present. Non- 
motile. Gram-negative. 

Serum agar shake culture: After 36 
hours, colonies spherical, up to 0.5 mm 
in diameter, thin, yellowish-brown. 

Scrum agar plate: Matted growth. 
Medium around colonics becomes turbid 
from the precipitation of protein. No 
surface growth. 

Serum broth: Milky turbidity. 

Liver broth: No turbidity. Grayish- 
white, flaky precipitate. 


• Arranged by Prof. Robert S. Breed, New' York State Experiment Station, Geneva, 
New York, December, 1938; rearranged, December, 1945. 
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Indole not formed. 

Acid from glucose, fructose, sucrose, 
maltose and sometimes from lactose. 
No acid from inulin or mannitol. (Hine 
and Berry, Jour. Bact., 3^, 1937, 524.) 
No H 2 S produced. 

No odor produced. 

No gas formed. 

Non-pathogenic for white mice (Hau- 
duroy et al., loc. cil.). 

Temperature relations: Optimum 35® 
to 37X’. Minimum 30°C. (Hauduroy 
et al., loc. cii.) 

Optimum pH G.8 to 8.0 (Hauduroy et 
al., luc. cit.). 

Anaerobe. 

Source: Two strains isolated from 
deposit on teeth. 

Habitat: Presumably the buccal cavity. 

2. Fusobacterium biacutum Weinberg 
and Prt^vot. (Weinberg and Pr6vot, 
Compt. rend. Soc. Biol., Paris, 95, 1926, 
519; Fusiformis biaculus Hauduroy etal., 
Diet. d. Bact. Path., 1937, 23S.) From 
Latin, double pointed. 

Rods; 0.4 to 0.5 by 1.4 to 3.0 microns, 
with pointed ends, occurring singly, in 
pairs or sometimes in short chains. Non- 
mot ile. Gram-negative. 

Gelatin: No liquefaction. 

Veillon’s agar; Rapid growth. Colo¬ 
nies lens-shaped. Gas is produced which 
breaks up the medium. 

Plain broth: Poor growth. 

Glucose broth: Turbid. Medium 
rapidly acidified. Good growth. 

Indole not formed. 

Milk: Acid and coagulation in 2 to 8 
days. Curd not digested. 

Casein and coagulated egg-white not 

digested. 

Neutral red reduced. 

Acid from glucose, fructose, galactose, 
maltose and lactose. 

Small amount of HjS produced. 

Does not require blood serum for 
growth. 

Pathogenic for guinea pigs. 

Killed in 60 minutes at 60®C. 


Anaerobic. 

Source: Six strains isolated from a case 
of appendicitis. 

Habitat: Unknown. 

3. Fusobacterium nucleatum Knorr. 
(Knorr, Cent. f. Bakt., I Abt., Orig., 
89, 1923,17; Fusiformis riucleaius Bergey 
et al., Manual, 3rd ed., 1930, 514.) Lat¬ 
inized, nucleated. 

Rods: 1.0 by 4.0 microns, spindle- 
shaped, occurring singly. One or two 
granules present. Non-motile. Gram- 
negative. 

Serum agar plate: Deep colonies lens¬ 
shaped with offshoots. 

Plain liver broth: No growth. 

Liver broth with serum: After 1 to 3 
days, flocculent deposit on the pieces 
of liver. 

Indole not formed (Knorr, loc. cil-)- 
Indole formed (Hine and Berry, Jour. 

Bact., 34, 1937, 521). 

Disagreeable odor produced on cul¬ 
tivation. 

No gas produced. 

Acid from glucose, usually from fruc¬ 
tose, sometimes from sucrose and lactose. 
No acid from maltose, inulin or mannitol. 
(Hine and Berry, loc. cii.) 

No H 2 S formed. ^ 

Temperature relations: Optimum 35 
to 37®C. Minimum 30®C. (Hauduroy 
et al., Diet. d. Bact. Path., 1937, 239.) 
Survives 56®C for 15 minutes, but not 
60®C for 10 minutes (Hine and Berry, 

loc. cit.). 

Optimum pH 6.8 to 8.2 (Hauduroy e 
al., loc. cit.). 

Anaerobe. , 

Source: One strain isolated from de¬ 
posit on teeth in a healthy mouth. 
Habitat: Presumably the buccal cavity. 

4. Fusobacterium polymorphum Knorr. 

(Knorr, Cent. f. Bakt.. I Abt.. 

1923,19; Fusiformis polymorphus 
etal., Manual, 3rd ed., 1930,515.) 

Greek, assuming many fornas- 
Rods: 0.2 to 0.5 by 8 to 16 micro , 
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occurring in pairs with the pointed ends 
adjoining. Often occurring in threads. 
Non-motile. Gram-negative. 

Serum agar plates (alkaline): After 2 
to 3 days, colonies 0.5 mm or larger, lens¬ 
shaped with offshoots. 

Tenacious sediment in liquid media. 
Indole not formed (Knorr, loc. cil.). 
Indole formed (Hine and Berry, Jour. 
Bact., S4, 1937, 522). 

No gas produced. 

No odor produced. 

Acid usually produced from glucose, 
fructose, and sucrose. No acid from 
lactose, maltose, inulin or mannitol. 
(Hine and Berry, loc. cil.) 

No HjS produced. 

Temperature relations: Optimum 35* 
to 37“C. Minimum SO^C. (Hauduroy 
et al., Diet. d. Bact. Patli., 1937, 242.) 
Survives for 15 minutes, 52“C for 
10 minutes and 56®C for 5 minutes (Hine 
and Berry, loc. cit., 523). 

Optimum pH 7.0 to 8.2 (Hauduroy 
et al., loc. cit.). 

Anaerobe. 

Source: One strain isolated from de¬ 
posit on teeth in a case of gingivitis. 
Habitat: Presumably the buccal cavity. 

Appendix I: The following species arc 
mentioned here because they appear to 
bo related to the organisms in the genus 
Fusobaclerium : 

Bacillus hastilis Seitz. (Ztschr. f. 
Hyg*, SO, 1899,47; Mycobaclerium hastilis 
Chester, Man. Determ. Bact., 1901, 356.) 
A collective name for the organisms 
frequently found in stinking pus and in 
tonsillar pockets in both healthy and 
diseased mouths. 

Fusocillus shmamini Pr4vot. (Ann. 
Inst. Past., BO, 1938, 300.) Feebly 
motile. 

Fusiformis acnes, Fusiformis hodgkini 
and Fusiformis typhi-exanlhemalici 
(Plots) of Holland (Jour. Bact., 6, 1920 


223) are names presumably intended for 
bacteria more properly placed in the 
genus Corynebacterium. 

Fusiformis muris Hoelling. (Arch. f. 
Prolistenkunde, 19, 1910, 239.) From 
the blind gut of a mouse. Stated by the 
author to be similar to Fusiformis (ermi- 
tidis Hoelling. 

Fusiformis necrophorus Toplcy and 
Wilson. See Spherophorus necrophorus 
Prdvot, page 578. 

Fusiformis nodosus Beveridge. (Bev¬ 
eridge, Austral. Council Sci. and Indus. 
Res. Bui. 140, 1941, 56 pp.; Aclinomyccs 
nodosus Hagan, The Infectious Dis¬ 
eases of Domestic .Animals. Ithaca, 
New York, 1943, 312.) Considered the 
primary cause of footrot of sheep. Also 
see Spirochaela penorlha. 

* 

Appendix II; Because of the preferable 
form of the name and also because it is 
questionable whether the anaerobic fusi¬ 
form bacteria of the mouth closely re¬ 
semble the more or less aerobic bacteria 
found in termites, the genus name Ftiso- 
bacterium Knorr has been used for the 
mouth organisms. The termite organ¬ 
isms live in the intestinal tract bathed 
in digested wood and have the micro¬ 
scopic appearance of the cellulose- 
destroying Cylophaga Winogradsky. 
These are shown by Stanicr (Jour. Bact., 
40, 1940, 619) to belong to Myxobacte- 
riales. 

The organisms placed in Fusiformis 
Hoelling are as follows: 

Fusiformis killi Duboscq and Grasse. 
(Arch. Zool, Expdr. et Gdn., 6G, 1927, 
454 and 486.) Found as an ectoparasite 
on flagellates Descovina spp. which live 
in the rectum of termites {Calolermcs 
{Glyptolermes) iridipennis). 

Fusiformis lermilidis Hoelling. (Arch, 
f. Prolistenkunde, 19, 1910, 239.) From 
the intestinal tract of termites. 
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TRIBE IV. HEMOPHILEAE WINSLOW ET AL. 

(Jour. Bact., 5, 1920, 212.) 

Minute parasitic forms growing on first isolation only in the presence of hemoglobin, 
ascitic fluid or other body fluids, or in the presence of certain growth accessory sub¬ 
stances found in sterile, unheated plant tissue (potato). Motile or non-motile. Com¬ 
monly found in the mucosa of respiratory tract or conjunctiva. 

Ke\f to the genera of tribe Hemophileae. 

I. Aerobes to facultative anaerobes. 

A. Xon-motile. 

1. Predominantly occurring singly. 

Genus I. Hemophilus, p. 5S4. 

2. Predominantly occurring as diplobacilli. 

Genus II. Moraxella, p. 590. 

B. Motile, encapsulated. 

Genus HI. Noguchia, p. 592. 

II. Anaerobes. 

A. Non-motile. 

Genus IV. Dialister, p. 594. 

Genus I. Hemophilus et al.* 

(Jour. Bact., 2, 1917, 561.) From Greek, loving blood. 

Minute rod-shaped cells, sometimes thread-forming and pleomorphic. Non-rnotile. 
Gram-negative. Strict parasites grow'ing best (or only) in the presence o emo 
globinand in general reciuiring blood scrum, ascitic fluid, or certain growth accesso y 

substances. 

The type 

Key to the species of gentts Hemophilus. 

I. Affecting the respiratory tract. 

1. llequire both V and X growth factors for growth. 

1. Hemophilus influenzae. 

2. Hemophilus suis. 

• 3. Hemophilus hemolyticus. 

2. V growth factor suffleient for growth. 

4. Hemophilus parainfiuenzae. 

5. Hemophilus pertussis. 

II. Affecting the genital region. 

3. X growth factor sufficient for growth. 

6. Hemophilus ducreyi. 

7. Hemophilus haemoglobinophilus. 



* Revised by Dr. Margaret Pittman, National Institute of Health, Beth 
Maryland, October, 1945. 


jcies is Hemophilus influenzae (lA^hmannand Neumann) Winslow eta! 
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Where the relationship to growth accessory factors is known, the following table 
may serve as a key: 


Growth in peptone water containing 


Species 

Growth factor 
X 

Phospho- 
pyridine nu¬ 
cleotide (V) 

Growth factors 
X and V 

iniliifinrnp . 



H- 

HptnoDkilus Buis . 



+ 

T-Tpmnnhihi9 hpmnhiiiriifi . . . 


± 

+ 

H 't^Q.TO.ittiiuPYLZQP . 


+ 

+ 

11 pmotiKilus^ haptnoolohittovKilu^ ... 

+ 


+ 




1. Hemophilus influenzae (Lehmann 
and Neumann) Winslow et al. (Koch, 
Wiener med. Wchnschr., SS, 1883, 1550; 
Weeks, New York Med. Record, 5/, 
1887, 571; Influenzabacillus, Pfeiffer, 
Deutsche med. Wchnschr., 1892, 28; 
Ztschr. f. Hyg., IS, 1893, 357; Bacterivm 
influenzae Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., £, 1896, 187; Bacillus in¬ 
fluenzae Kruse, in Flugge, Die Mikro- 
organismen, 3 Aufl., S, 1896, 434; Bac¬ 
terium aegyptiacum Lehmann and 
Neumann, Bakt. Diag., 2 Aufl., 2, 1899, 
191; Hemophilus meningitidis ccrc6ro- 
spinalis sepiicemiae Cohen, Ann. Inst. 
Past., 2S, 1909, 273; Winslow et al.. 
Jour. Bact., 2, 1917, 561; Coccohacillus 
pfeifferi Neveu-Lemaire, Vr6c\B Parasi- 
tol. Hum., 5th ed., 1921, 20; Hemophilus 
conjunctivilidis Bergey et al., Manual, 
Ist ed., 1923, 270.) From influenza, a 
disease of the respiratory tract. 

Common name: The Koch-Weeks 
Bacillus. 

Very small rods: 0.2 to 0.3 by 0.5 to 

2. C microns, occurring singly and in pairs, 
occasionally in short chains, and at times 
long thread forms are seen. Frequently 
show a marked tendency to bipolar stain¬ 
ing. Some strains are encapsulated. 
Non-motile. Gram-negative. 

Requires both the factors X and V for 
its growth. 

Gelatin colonies: No growth. 

Gelatin stab: No growth. 


Blood agar colonies: Small, circular, 
transimrcnt, homogeneous, entire. 
Satellitism with Staphylococcus. 

Blood agar slant: Thin, filiform, trans¬ 
parent growth. 

Chocolate agar slant: Luxuriant 
growth. 

Blood broth: Slightly turbid. No 
hemolysis. 

Litmus milk, with blood: Some strains 
render it very slightly alkaline. 

Sterilized potato slant: No growth. 

Fresh unheated sterile potato added 
to broth favors development. 

Indole is formed by some strains. 

Nitrites are produced from nitrates. 

Some strains attack none of the carbo¬ 
hydrates, while other strains attack 
various carbohydrates, provided a suit¬ 
able medium is used. Mannitol and 
lactose never fermented. 

Pathogenic. 

.\erobic, facultative. 

Optimum temperature 37®C. Maxi¬ 
mum 43®C. Minimum 26® to 27®C. 
Killed at 55®C for thirty minutes. 

Source: Isolated by Pfeiffer in eases of 
influenza. Found in conjunctiva, naso¬ 
pharynx, sputum, sinuses, cerebrospinal 
fluid, blood, and pus from joints. 

Habitat: Respiratory tract. A cause 
of acute respiratory infections, of acute 
conjunctivitis, and of purulent meningi¬ 
tis of children, rarely of adults. Re- 
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gartled by I’feift'er and others to be the 
rausc of iidluenza. 

XoTF.: Six types ia-f) of Ilcmophilm 
injiucnzac are recognized on the basis of 
precipitation of immune serum by cap¬ 
sular substance. Strains from cerebro¬ 
spinal fluid are usually of type b. The 
majority of the strains from the respira¬ 
tory tract are not type-specific. 

2. Hemophilus suis Hauduroy et al. 

(Ilcnioplnliis inJlucTizae suis Lewis and 
Shopr, Jcmr. Exp. Med., 54, 1931, 361 
and 373; Bacterium influenzae suis 
Kobe, (Vnt. f. Hakt., I Abt., Orig., 129, 
1933, IGl; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 2.58.) From Latin, swine. 

Resembles Hemophilus influenzae ex¬ 
cept it is relatively inert to growth, in¬ 
dole is not formed, nitrites are produced 
from nitrates, and nwltose and sucrose 
are slightly fermented but not the car¬ 
bohydrates fermented by Hemophilus 
influenzae. 

Source: From cases of swine influenza. 

Habitat: With a filterable virus it 
causes swine influenza. 

3. Hemophilus hemolyticus Bergey 
et al. (Bacillus X, Pritchett and Still¬ 
man, Jour. Exp. Med., 29, 1919, 259; 
Stillman and Bourn, Jour. Exp. Med., 
32, 1920, 665; Bergey et a!., Manual, 1st 
ed., 1923, 269.) From Greek, blood-dis¬ 
solving. 

Morphologically like Hemophilus in¬ 
fluenzae. Non-motile. Gram-negative. 

Requires both the factors X and V for 
its growth. Valentine and Rivers (Jour. 
Exp. Med., 45, 1927, 993) isolated certain 
hemolytic strains which did not entirely 
agree with this. 

Blood agar colonies: Resemble Hemo¬ 
philus influenzae but surrounded by a 
zone of hemolysis. 

Blood agar slant: Thin, filiform, trans¬ 
parent growth. 

Blood broth: Turbid, showing hemol¬ 
ysis. 


Blood milk mixture: Slightly alkaline. 
Sterile unheated potato favors de¬ 
velopment. 

Indole is formed by some strains. 
Nitrites are produced from nitrates. 
Some strains do not attack carbohy¬ 
drates, other strains ferment various 
carbohydrates. 

.\erobic, facultative. 

Optimum temperature 37®C. 

Habitat: Found in upper respiratory 
tract of man. Noii-pathogenic. 

■1. Hemophilus parainfluenzae Rivers. 
(Johns Hopkins Hosp. Bull., 33, 1922, 
429.) From Latin, like, and the disease, 
influenza. 

Morphologically like Hemophilus in¬ 
fluenza. Non-motile. Gram-negative. 
Requires the V factor for its growth. 
Blood agar colonies: Resemble Hemo¬ 
philus influenzae. No hemolysis. 

Blood agar slant: Thin filiform trans- 

pbnt. 

Broth containing yeast extract: rloc- 
cular sediment. 

Indole is formed by some strains from 
cat. 

Nitrites are produced from nitrates. 
Some strains attack none of the carbo 
hydrates; other strains ferment various 

carbohydrates. 

Aerobic, facultative. 

Optimum temperature 37‘’C. 

Habitat; Found in upper respiratory 

tract of man and cat. Usually 

pathogenic. 

5. Hemophilus pertussis Holland. 

(Microbe de coqueluche, 

Gengou. Ann. Inst. Past iO m, 
731; Holland. Jour. Bact., 5 . 1920, , 

Bacillus pertussis Holland, tdcTi, ^ 
terium tussis convulsivae ^eh^ann a 
Neumann, Bakt. Diag., 7 Aufl., ' ’ 

317 (Bordet and Gengou’s organism;, 
not Bacterium tussis convulstv^ Len 
mann and Neumann, Bakt. D^-. 
Aufl., 5, 1899. 192 (Czaplewski and 
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Hensel’s organism).) From Latin, 
whooping cough. 

Short, oval rods: 0.2 to 0.3 by 1.0 mi¬ 
cron, occurring singly or sometimes in 
pairs and short chains. Show tendency 
to bipolar staining. Capsules may be 
demonstrated by special technic (I.aw- 
son). Non-motile. Gram-negative. 

No growth on the usual laboratory 
media; adapted by repeated transfer with 
heavy inoculum. Adaptation accompa¬ 
nied by loss of original characteristics. 

Bordet-Gengou medium or some modi¬ 
fication containing at least 15 per cent 
blood is optimum for isolation and main¬ 
tenance. 

Colonies: Smooth, raised, entire, 
pearly, glistening. Surrounded by a 
zone of hemolysis. 

Litmus milk: (After adaptation) 
brownish color. Alkaline. 

Indole not formed. 

Nitrites not produced from nitrates. 
No action in carbohydrate media. 
Catalase positive. 

Aerobic. 

Optimum temperature 37®C. 
Serologically homogeneous when first 
isolated (Phase I of Leslie and Gardner). 
Dissociative changes, recognizable mor¬ 
phologically, culturally, antigenically, 
and by animal tests, take place when 
maintained on unfavorable media. 

Source: From respiratory tract in cases 
of whooping cough, especially by the 
cough plate method. 

Habitat: Etiologically associated with 
whooping cough. 

Note: Bacillus para-pertussis Elder- 
ing and Kendrick. (Jour. Bact., S6, 
1938, 661.) From cases of whooping- 
cough. Closely related antigenically to 
Hemophilus pertussis and Brucella bron- 
chiseplicaf but distinct from either. 

6. Hemophilus ducreyi (Neveu- 
Lemaire) Bergey et al. (Ducrey, Cong, 
internat. de dermatol. et syph., Cempt. 
rend., Paris, 1890, 229; Monatsbft. f. 


prakt. Dermatol., .9, 1889, 387; Biforma 
mcd., 5, 1880 , 98; Monalshft. f. prakt. 
Dermatol., £/, No. 2; Streptobacillus of 
soft chancre, Ducrey, Abstract in Cent, 
f. Bakt., I Abt., 18, 1895, 290; Bacillus 
ulceris cancrosi Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 189C, 45G; 
Bacterium ulceris cancrosi Chester, .\nn. 
Kept. Del. Col. Agr. Exp. Sla., 9, 1897, 
67; Bacterium cancrosi Chester, Manual 
Determ. Bact., 1901, 120; Coccohacillus 
ducreyi Neveu-Leinairc, Prdcis Parasitol. 
Hum., 5th cd., 1921, 20; Bergey et al., 
Manual, 1st ed., 1923, 271.) Named for 
Ducrey who first isolated the organism. 

Small rods: 0.5 by 1.5 to 2.0 microns, 
with rounded ends, occurring singly and 
in short chains. Non-motile. Gram- 
negative. 

Requires the X factor for its growth. 

Gelatin colonies: No growth. 

Gelatin stab: No growth. 

Blood agar colonies: Small, grayish, 
glistening, showing a slight zone of hemol¬ 
ysis around the colony in three or four 
days. 

Best growth is obtained on clotted rab¬ 
bit, sheep, or human blood heated to 
55®C for 15 minutes, and in casein digest 
agar containing blood. Moisture is im- 
I)ortant for growth. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Habitat: The cause of soft chancre 
(chancroid). 

7. Hemophilus baemoglobinophilus 
(Lehmann and Neumann) Murray. 
(Bacillus haeinoghhinophilus cants 
Friedberger, Cent. f. Bakt., I Abt., 
Orig., 99, 1903, 401; Bacteruim haemoglo- 
binophilus Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 9, 1907, 270; Hemophilus 
cams Rivers, Johns Hopkins Bull., 99, 
1922, 149; Jour. Bact., 7, 1922, 679; Mur¬ 
ray, in Manual, 5th ed,, 1939, 309.) 
From Greek, hemoglobin-loving. 

Small rods: 0.2 to 0.3 by 0.5 to 2.0 
microns, occurring singly, in pairs and 



M.wru. OF DK'l'KK.MrXATIVK HACTKHIOFOOV 



short clmins. Xon-inofile. Gram- 
negative. 

Require.? the X factor for its growth. 

Blood agar colonies: iSmall, clear, trans¬ 
parent, entire. Old colonies become 
opaque. 

Blood l)rotii: Turbid. 


biol.. Xew York, 1040, Section I, 177) 

suggest that the pleuropneumonia-like 
cultures isolated from Streptobacillus 
tnoniliformis really represent variant 
|)hases in the growth of this organism. 

Description from Levaditi et al. (loc. 
cit.) and Brown and Nunemaker (Bull. 


Blood milk mixture: Doubtful de¬ 
velopment. 

Indole is formed. 

Xitrites produced from nitrates. 

Acid but no gas from glucose, fructose, 
galactose, mannitol, sucrose and xylose. 
Xo acid from maltose, lactose dextrin, 
arabinose or glycerol. (Rivers, foe. cit.) 

Optimum temperature 37°C. 

.\erobic, facultative. 

Habitat: Occurs in large numbers in 
preputial secretions of dogs. 

Appendix I:* The following species has 
been placed in the tribe Hemophileae 
by Van Rooyen (Jour. Path, and Bact., 
43 , 1936, 469). It has been pointed out 
by Buchanan (General Systematic Bac¬ 
teriology, 1925, 490) that the genus name 
Streptobacillus is invalid. 

Streptobacillus moniliformis Levaditi, 
Nicolau and Poincloux. (Compt. rend. 
Acad. Sci., Paris, 180, 1925, 1188.) 

This organism is regarded as identical 
with Haverhillia multiformis Parker 
and Hudson (Amer. Jour. Path., 2, 1926, 
357) by V^an Rooyen {loc. cil.). Topley 
and Wilson (Princip. Bact. and Immun., 
2nd ed., 1936, 270) regard it as identical 
with their Actinomyces muris {Strepto- 
tkrix ratti Schottmuller), the cause of 
rat-bite fever. Asterococcus muris Heil¬ 
man, Jour. Inf. Dis., 69, 1941, 32. See 
Actinomyces muris ratti in the Appendix 
to the genus Streptomyces. Jordan and 
Burrows (Textb. of Bact., 14th ed., 1946, 
614) consider all these names synony¬ 
mous. Dawson and Hobby (Proceed¬ 
ings, Third Internat. Congr. for Micro- 


Johns Hopkins Hosp., 70, 1942, 201). 

Streptobacilli: 2.0 to 3.0 microns in 
length, pleomorphic, with branching 
filaments up to 30 to 40 microns long, 
fragmented, bacillary and coccobacillary 
forms. Swollen and club-shaped cells 
are found. Morpholog}' is best demon¬ 
strated by aniline dyes, c.g. Wayson s 
plague stain. Xon-motile. Gram-nega¬ 
tive. 

Enriched media are required for good 
growth. Best liquid media are rabbit 
blood and broth containing serum or 
ascitic fluid. Best solid media are 
glycerol extract of potato-infusion 
broth-egg yolk medium and nutrient 
agar containing serum. 

Blood agar or ascitic serum agar; Col¬ 
onies small, clear. 

Blood plates: Growth slow. Numer¬ 
ous small whitish colonies appear on the 
third day. 

Veillon’s medium: Punctiform col¬ 
onies, abundant in depth, less growth at 
surface. No gas. 

Broth with ascitic fluid and globular 
extract: Good growth, forming clots 
which precipitate and are rather adheren 
to one another. Growth rapid!.' re 
duces the pH of the medium killing t e 

bacteria in cultures 24 hrs. old. 

Milk: Slow growth. No coagulation. 

Loffler’s serum: Poor growth. 

Virulent for rabbits and mice. 

Good growth at 37‘’C. 

Facultative anaerobe. Grows o ® 
under anaerobic conditions in the pres 
ence of added CO,, than in the presence 

of air. ., 

Source: Isolated froma case of a febrii , 


• Appendixes I and II arranged by Prof. E. G. D. Murray, McGill Univ., Montreal, 
P. Q., Canada, March, 1946. 
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septicemic disease, accompanied by ar¬ 
thritis, erythema and angina. 

Habitat: The cause of an acute febrile 
disease sometimes called erythema mul¬ 
tiforme. 

Appendix II: The following species 
may be identical with some of those 
listed above or related to them: 

Bacillus marianensis Leber and Pro- 
wazek. (Berlin, klin. Wochnschr., 1, 
1911, 27.) Allied to the Koch-Weeks 
Bacillus. Associated with cases of pink 
eye. ' 

Bacillus weeksi Neveu-Lemaire. 
(Precis Parasitol. Hum., 5th ed., 1921, 
24.) Described by Weeks. The cause 
of trachoma or granular conjunctivitis in 
tropical countries. Transmitted by the 
domestic fly. Probably intended for the 
Week’s bacillus (Weeks, New York Med. 
Record, St, 1887, 571). 

Bacterium tussis convulsivae Lehmann 
and Neumann. (Bacterium, Czaplewski 
and Hensel, Deut. med. Wochnschr., 
2$, 1897, 587; Lehmann and Neumann, 
Bakt. Diag., 2 Aufl., 2 , 1899, 192; not 
Bacterium Vussis convulsivae Lehmann 
and Neumann, ibid., 7 Aufl., 2, 1927, 
317; Bacillus tussis convulsivae Leh¬ 
mann and Neumann, ibid., 4 Aufl., 2, 
1907, 269.) Considered the cause of 
whooping cough by the origimil isolators. 

Hemophilus aphrophilxis Khairat. 
(Jour. Path, and Bact., 60, 1940, 497.) 
From blood and from heart valve of a case 
of endocarditis. 

Hemophilus cuniculi Hauduroy et al. 
{Hemophilus sp. Gibbons, Jour. Inf. Dis., 
4S, 1929, 288; Hauduroy et al., Diet. d. 
Bact. Path., 1937, 249.) From skin 
abscesses of rabbits. 

Hemophilus gallinarum Delaplanc, Er¬ 
win and Stuart and Hemophilus galli¬ 
narum Eliot and Lewis. {Bacillus kemo- 
glohinophilus coryzae gallinarum De 
Blieck, Tijdsch. v. Diergeneensk., 58, 
1931,310; also see Vet. Jour., 88, 1932, 9; 


Delaplane, Erwin and Stuart, K. I. 
State Coll. Sta. Bull. 244, May, 1934; 
Eliot and Lewis, Jour. Amer. Vet. Med. 
Assoc., 84, 1934, 878.) From edematous 
fluid from the head of a chicken. The 
cause of an infectious rhinitis in chickens. 

Hemophilus influenzae murium 
(Ivairies and Schwartzer) LwolT. {Bac¬ 
terium influenzae murium Kairies and 
Schwartzer, Cent. f. Bakt., I Abt., Orig., 
137, 1936, 351; Lwoff, Ann. Inst. Past., 
62, 1939,168.) From the lungof a mouse. 

Hemophilus meningitidis (Martins) 
Hauduroy et al. {Coccobacillus menin¬ 
gitidis Martins, Compt. rend. Soc. Biol., 
Paris, 29, 1928, 955; Hauduroy et al., 
Diet. d. Bact. Path., 1937, 254.) Re¬ 
sembles Hemophilus influenzae except 
that it shows sluggish motility. From 
cerebro-spinal fluid. 

Hemophilus muris Hauduroy et al. 
(Bacillus of an epizootic of stock mice, 
Mackie, Van Rooyne and Gilroy, Brit. 
Jour. Exp. Path., 14, 1933, 132; Ilaudu- 
roy et al.. Diet. d. Bact. Path., 1037, 
255.) From heart blood, spleenand other 
organs of mice dying from an epizootic 
disease. 

Hemophilus ovis Mitchell. (Jour. 
Amer. Vet. Assoc., 68 , 1925, 8.) From 
bronchi of sheep. 

Hemophilus pertussis Ford. {Bacillus 
pertussis eppendorf Jochmann and 
Krause, Ztschr. f. Hyg., 36, 1901, 193; 
Ford, Te.xtb. of Bact., 1927, 615; not 
necessarily identical with Bordet and 
Gengou’s organism, Hemophilus pertussis 
Holland, Jour. Bact., J, 1920,215.) From 
the respiratory tract and lungs in per¬ 
tussis. 

Hemophilus putoriorum Hauduroy et 
al. {Bacterium influenzae putoriorum 
multiforme Ivairies, Ztschr. f. Hyg., 117, 
1935, 12; Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 258.) From the respiratory 
tract of ferrets. 

Lehmann and Neumann (Bakt. Diag., 
6 Aufl., 2 , 1920, and 7 Aufl., 2, 1927) list 
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the following species as closely related 
to this group: 

Bacillus catarrhnlis .Jur\(]c\\. (Hygieac, 
60, No. 6 and 7, p. 667.) From cases of 
acute bronchitis. 

Bacillus trackomads Lehmann and 
Neumann. (The Racillus Muller, Luers- 
sen, Cent. f. Bakt., I Abt., Orig., 39, 
190.'), 6.S2.) From conjunctiva. 

Bacterium czaplewskii Chester. (Ba¬ 
cillus hei Kouchhusten, Czaplewski, 
Cent. f. Bakt., 22, 1S')7, Gil; Bacterium 
tussis convulsivnc Lehmann and Neu¬ 
mann, Bact. Diag., 2 .\ufl,, IS90, 192; 
Chester, Man. Determ. Bad., 1901, 
153.) From sputum in whooping cough. 
T1 is is not now regarded as beingetiolog- 
ically associated with whooping cough. 

Bacterium exiguum Staubli. (Munch. 


med. Wchnschr., No. 45, 1905.) From a 
case of septic endocarditis. 

Bacterium microbutyricum Hellstein. 
From butter. 

Bacterium minutissimus spitti (Luz- 
zatto) Lehmann and Neumann. {Ba¬ 
cillus ininulissimus spuli Luzzatto, Cent, 
f. Bakt., I Abt., 27, 1900, 816.) From a 
case of pertussis. 

Bacterium polymerphum convulsivum 
Melfi. (Cent. f. d. gesamte Hygiene, 7, 
1924, 133.) 

Bacterium scplicaemiae ennis Paranhos. 
(Cent. f. Bakt., I Abt., Orig., 50, 1909. 
607.) 

Strcptobacillus rirethrae Pfeiffer. 
(Cent. f. Bakt., I Abt., Ref., 36, 1905, 
59.) From the normal urethra and from 
cases of chronic cystitis and urethritis. 


Genus II. Moraxella Lwoff* 

{Diplobacilliis McNab, Klinische Monatsbl. f. Augenheilk., 4^, 1904, (H; not Diplo- 
bacillus Wcichsclbaum, Cent. f. Bakt., 2, 1887, 212; Lwoff, Ann. Inst. Past., 62, 1939, 
168.) Named for Morax, who first isolated the type species. 

Small, short, rod-shaped cells, usually occurring singly or in pairs. Non-moUe. 
Parasitic. Aerobic. Gram-negative. 

Tlie type species is Moraxella lacunata (Eyre) Lwoff. 


Key to the species of genus Moraxella. 

I. No growth in gelatin. 

1. Moraxella lacunata. 

11. Gelatin liquefied. 

A. Rapid liquefaction. No growth in milk. 

2. Moraxella liquefaciens. 

B. Very slow liquefaction. Cells capsulated. Growth in milk. 

3. Moraxella bovis. 


1. Moraxella lacunata (Eyre) Lwoff. 
(Diplobacille de la conjunctivite sub- 
aigue, Morax, Ann. Inst. Past., 10, 1896, 
337; Diplobacillus of chronic conjunctivi¬ 
tis, Axenfeld, Cent. f. Bakt., I Abt., 2i, 
1897,1; Bacterium conjunctivitis Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 85; Bacillus lacunatus Eyre, Jour. 
Path, and Bact., 6 , 1899, 1; not Bacillus 


lacunatus Wright, Memoirs Nat. Acad. 
Sci., 7, 1895, 435; Diplobacillus morax- 
axenfeld McNab, Klinische Monatsbl. i- 
Augenheilk., 4^, 1904, 64; Bactemum 
duplex Lehmann and Neumann, ® 
Diag, 2 AuH, i, 1899, 193; 
lacunatus Holland, Jour. Bact., 5, 

223; Bacillus duplex Hewlett, Med. es. 
Council Syst. of Bact., 2, 1929^^^* 


Arranged by Prof. E. G. D. Murray, McGill University, Montreal, P. Q * Canada 
September, 1945. 
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Lwoff, Ann. Inst. Past., 62, 1939, 173; 
Hemophilus duplex Murray, in Manual, 
5th ed., 1939, 308.) From Latin, pitted. 

Audureau (Ann. Inst. Past., 64, 1940, 
128) recognizes an atypical variety of 
this species. To distinguish between 
the two varieties, she designates these 
as Moraxella lacunata var. iypica and 
Moraxella lacunata var. atypica. 

Short rods: 0.4 to 0.5 by 2.0 microns, 
occurring singly and in pairs and short 
chains. Ends rounded or square in the 
chains. Non-motile. Gram-negative. 
Gelatin colonies: No growth. 

Gelatin stab: No growth. 

Blood agar colonies: Small, circular, 
transparent, entire. Growth on sub¬ 
culture difficult. Certain strains are 
not surrounded by zones of hemolysis; 
others are (Oag, Jour. Path, and Bact., 
SI 1942, 128). 

Serum agar colonies: Delicate, grayish. 
Loffler’s blood serum: Slow but definite 
liquefaction (pitting) around the 
colonies. 

Ascitic broth: Turbid with slight, 
grayish sediment. 

Blood milk mixture: Doubtful de¬ 
velopment. 

Litmus milk; Unchanged. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Various carbohydrates and mannitol 
are attacked. 

Optimum temperature 37®C. 

Aerobic, facultative. 

Source: From conjunctiva. 

Habitat: The cause of subacute in¬ 
fectious conjunctivitis, or angular con¬ 
junctivitis. 

2. Moraxella liquefaciens (McNab) 
comb. nov. (Diplobacille liqudfiant, Pet¬ 
tit, Annales d’ocuHstiquc, March, 1899, 
166 and Thesis, Paris, 1900, 223; Dipto- 
bacillus ligue/aciens McNub, Klinischc 
Monatsbl. f. Augenheilk., 4 $, 1904, 64; 
Bacillus duplex liquefaciens LwolT, Ann. 
Inst. Past., 62, 1939, 170j Moraxella 


duplex liquefaciens Lwoff, ibid., 171; 
Moraxella duplex Lwoff, ibid., 171; 
Moraxella duplex var. Iiqu€facie7is Auclu- 
reau, Ann. Inst. Past., 64, 1940, 139.) 
From Latin, liquefying. 

Diplobacilli: 1.0 to 1.5 by 2.0 microns, 
occurring singly and in pairs, and having 
rounded ends. Capsules not demon¬ 
strated. Non-motile. Stain uniformly 
with basic aniline dyes. Gram-negative. 

Gelatin colonies: Round, 1.5 to 2.0 
mm in diameter, yellowish-white. 

Gelatin stab: Rapid liquefaction. 

Blood agar: Ready growth in primary 
and subculture. 

Ascitic agar colonies: Grayish, thick, 
round, viscous. 

Peptone agar colonics: Same as above, 
but less abundant growth. 

Coagulated serum: Liquefaction in 3 
to 4 days; eventually complete. 

Plain broth: Poor growth, if any. 
Slight uniform turbidity. 

Ascitic broth: Abuntlant growth in 24 
hours at 35“C. Uniform' turbidity. 
Later sediment and an opaque pellicle. 

Milk: No growth. No coagulation. 

Potato: Slight, yellowish-while, vis¬ 
cous growth. 

Optimum temperature between 20® 
and 37®C. Killed at 55®C for 15 minutes. 

Aerobic. 

Not pathogenic for laboratory animals. 

Source: From cases of conjunctivitis 
associated with corneal ulceration in 
man. 

Habitat: Conjunctivitis in man so far 
as known. 

3. Moraxella bovis (Hauduroy ct al.) 
comb. nov. (Diplobacillus, Allen, Jour. 
Amer. Vet. Med. Assn., 54, 1918, 307; 
Diplobacillus, Jones and Little, Jour. 
Exp. Med., S8, 1923, 139; Hemophilus 
bovis Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 247; Moraxella duplex des 
Bovid<58, Lwoff, Ann. Inst. Past., 62, 
1939, 174; Hemophilus ruminantium 
Reid and Anigstein, Texas Reports on 
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Biol, and Med., 3, 1945, 187.) From 
Latin bovts, of the ox. 

Short, plump rods: 0.5 by 1.5 to 2.0 
microns, usually occurring in pairs and 
short chains, with rounded ends. Cap- 
sulated. Non-motile. Gram-negative. 

Gelatin: Slow growth at 22®C. Very 
slow liquefaction. 

Blood agar colonies: After 24 hours, 
round, translucent, grayish-white, sur¬ 
rounded by a narrow, clear zone of hem¬ 
olysis. Deep colonies tiny with a clear 
hemolytic zone, usually 1.5 mm in diam¬ 
eter. After 48 hours, surface colonies 
somewhat flattened, 3.5 to 4 mm in 
diameter; deep colonies ellipsoidal and 
biconvex with hemolytic area of 2.5 to 
3 mm in diameter. 

Blood agar slants: After 24 hours at 
38'’C, heavy, viscid, grayish-white 
growth. 

Coagulated serum liquefied. 

Broth: Slow growth. Slight turbidity. 
Considerable sediment. 

Litmus milk: Alkaline. Partial co¬ 
agulation. 

Indole not produced. 

Potato: No growth. 

No acid from glucose or other carbo- 
hydrates. 

Not pathogenic for laboratory animals. 

Killed at 58® to 59®C in five minutes. 

Aerobic. 

Source: From cases of acute ophthalmia 
(pink eye) of cattle. 


Habitat: In the exudate from cases of 
acute ophthalmia of cattle. The prob¬ 
able cause of bovine infectious keratitis 
(Baldwin, Amer. Jour. Vet. Res., 3, 
1945, 180). 

Appendix: Other species placed in the 
genus Moraxeila are as follows: 

Moraxella josephi Lwoff. (Bacillus 
duplex josephi Scarlett, Annales d’Oeu- 
listique, 163, 1916, 100 and 485; Lwoff. 
Ann. Inst. Past., 62, 1939,171; il/ora:Ee//a 
duplex josephi Lwoff, ibid., 174; Bacillus 
josephi Audureau, Ann. Inst. Past., 
1940,126.) Gram-positive. Pathogenic. 
From the conjunctiva of man. 

Moraxella Iwojfi Audureau. (Ann. 
Inst. Past., 64, 1940, 150.) Two varie¬ 
ties are recognized: var, bacteroides and 
var. brevis. From various types of 
conjunctivitis in man. 

Moraxella non liquefaciens Lwoff. 
(Bacterium duplex-nonliquefaciens Oli¬ 
ver and Wherry, Jour. Inf. Dis., 
1921, 342; Bacillus duplex non-Uque- 
faciens Hewlett, Med. Res. Counci 
Syst. of Bad., 2, 1929 , 418; Lwoff, Ann. 
Inst. Past., 62, 1939, 171; Moraxella 

duplex non liquefaciens Lwoff, * j ■* 
174; Bacillus duplex non liquefaciens 
Audureau, Ann. Inst. Past., 64, 1 ' 

126; .Moraxella duplex var. non liquefa¬ 
ciens Audureau, ibid., 144.) From 
ulcer of the cornea, and from bronc la 

sputum in man. 


Genus III’ Noguchia Olilsky, Syverlon and Tyler * 

(Jour. Exp. Med., 60, 1934, 382.) Named for Noguchi, the bacteriologist who iso 

lated the type species. , i^als 

Small, slender, Gram-negative rods present in the conjunctiva of man » . ^ 

affected by a follicular type of disease; mucoid type of growth which on h 

takes place with some difficulty in ordinary media; motile, flagellated, an ^ 

sulated; aerobic and facultative anaerobic; optimum temperature for grow 

30^C 'T 1 

The type species is Noguchia granulosis (Noguchi) Olitsky, Syverton and y er 


Key to the species of genus Noguchia. 

I. Acid from carbohydrates. 

A. Acid from raflfinose, maltose and salicin. 

1. Noguchia granulosis 

• Arranged by Prof. C. D. Kelly, McGUl University, Montreal, October, 1938. 



FAMILY PARVOBACTERUCEAE 


593 


B. No acid from raffinose, maltose and 
11. No acid from carbohydrates. 


1. Noguchia granulosis (Noguchi) 
Olitsky et al. {Bacterium granulosis 
Noguchi, Jour. Exp. Med., 4S, Supp. 2, 
1928, 21; Olitsky, Syverton and Tyler, 
Jour. Exp. Med., 60, 1934, 382.) From 
Latin, granular. 

Rods: 0.25 to 0.3 by 0.8 to 1.2 microns, 
motile by means of a single flagellum, 
usually polar. Pleomorphic. Gram-neg¬ 
ative. 

No growth on plain agar or broth. 

Blood agar plate: Minute round col¬ 
onies, shiny, somewhat raised, almost 
transparent or slightly grayish in 48 
hours. Later the colonies increase in 
size, are grayish opalescent and some¬ 
what sticky. Old colonies have a brown¬ 
ish or yellowish tint. 

Semi-solid Leptospira medium: Gray¬ 
ish-white, diffuse growth, forming a 
delicate zone I cm deep. 

Liquid Leptospira medium: Diffuse, 
slightly cloudy growth, with sticky 
grayish sediment at the bottom of the 
tube in old cultures. 

Acid from glucose, fructose, mannose, 
sucrose, galactose, maltose, salicin, 
xylose, mannitol, dextrin, arabinose, 
amygdalin and lactose. Small amount 
of acid from raffinose, inulin, rhamnose 
and trehalose. No acid from dulcitol, 
sorbitol and inositol. 

Non-pathogenic for rabbits, guinea 
pigs, rats and mice. 

Optimum pH 7.8. 

Temperature relations: Optimum 15® 
to 30®C. Grows at 37“C. 

Aerobe, facultative anaerobe. 
Distinctive characters: Action on car¬ 
bohydrates; agglutination reactions; mo¬ 
tility at 15®, none at 37®C. 

Source: From trachoma of American 
Indians at Albuquerque, New Mexico. 

Habitat: Regarded by Noguchi and 
others as a cause of trachoma in roan. 


salicin. 

2. Noguchia simiae. 

3. Noguchia cuniculi. 

Produces a granular conjunctivitis in 
monkeys and apes. 

2. Noguchia slmlae Olitsky et al. 
{Bacterium simiae Olitsky, Syverton 
and Tyler, Jour. Exp. Med., 57, 1933, 
875; Olitsky ct al.. Jour. Exp. Med., 
60, 1934, 382.) From Latin simia, ape. 

Slender rods: 0.2 to 0.3 by 0.8 to 1.2 
microns, occurring singly, in pairs, in 
short chains or parallel arrangement of 
two or three, having pointed ends. Cap¬ 
sules arc found. Actively motile by 
means of a single, rarely a double, flagel¬ 
lum, usually polar. Gram-negative. 

Gelatin plates: Colonies more mucoid 
and raised than on agar. 

Gelatin stab: Arachnoid growth along 
line of inoculation. No liquefaction. 

Agar plates: Small, circular, grayish, 
translucent, smooth, convex, slightly 
raised colonies having a sticky or mucoid 
consistency. 

Blood agar plates: More highly translu¬ 
cent and colorless in early growth than 
on plain agar, becoming grayish after two 
or three days. 

Agar slants: Grayish-white to white, 
moist, mucoid, raised, glistening growth. 
Growth is more profuse when blood is 
added. 

Leptospira medium: Homogeneous, 
dense growth in a 0.5 cm sharply defined 
layer, with a slight, nebulous, uniform 
opacity about 1 cm below. In three or 
four days the lower layer becomes more 
dense and in time extends to the bottom 
of the tube. 

Broth: Uniform turbidity, with a slight 
grayish sediment and no pellicle. 

Litmus milk: Unchanged. 

Potato: Light tan, spreading, abundant 
growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose, fructose, 
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mannose, galactose, xylose, arabinose 
and rhamnose. Small amount of acid 
from dextrin. Some strains produce a 
small amount of acid from sucrose, lac¬ 
tose, inulin and mannitol. Raffinose, 
salicin, dulcitol, amygdalin, maltose, 
trehalose, sorbitol and inositol un¬ 
changed. 

Serological reactions: Rabbit anti¬ 
serum is specific for all .strains and no 
cross agglutination with Noguchia gran¬ 
ulosis. 

Temperature relations: Optimum 28° 
to 30°C. Thermal death point o6°C for 
thirty minutes. 

Aerobe, facultative anaerobe. 

Distinctive characters: Action on car¬ 
bohydrates; agglutination reactions. 

Source: From inflammatory type (Type 
II) of spontaneous conjunctival follicu- 
losis in Macacus rhesus monke 3 ’s. 

Habitat: Causes conjunctival follicu- 
losis in Macacus rhesus monkeys. 

3. Noguchia cunicull Olitsky, Syver- 
ton and Tyler. (Jour. Exp. Med., 60, 
1934, 382.) From Latin cwntcwf«s, rabbit. 

Slender rods: 0.2 to 0.3 by 0.5 to 1.0 
micron with pointed ends. Capsules 
are formed of much finer texture than 
those surrounding Noguchia granulosis 
or Noguchia simiae. Actively motile 
with peritrichous flagella. Non-acid- 
fast. Pleomorphic forms sometimes 
noted. Gram-negative. 

Gelatin agar plates: Grayish, mucoid 
and confluent colonies. 

Gelatin stab: Tenuous, arborescent, 
non-spreading growth. No liquefaction. 

Agar plates: Small, spherical, translu¬ 
cent, slightly grayish, smooth, some¬ 
what convex, moist and mucoid colonies 
with entire edges. 

Blood agar plates: More profuse, more 
graj'ishand less translucent than on plain 

agar. 


.4gar slants: Slightly grayish, translu¬ 
cent, coalescent, glistening, mucoid, 
homogeneous and non-spreading growth. 
The water of syneresis appears uniformly 
cloudy or milky depending on amount of 
growth. 

Leptospira medium: After 24 hours, a 
faint, nebulous surface growth followed 
by an ingrowing sac-like mass, with its 
base 5 mm across, lying at the center of 
the under surface and extending for 5 
mm into the medium. The area spreads 
laterally until at about two or three days 
there is a uniform, opaque, whitish 
layer about 1 cm thick which progresses 
slowly until the bottom of the tube is 
reached in about seven days. 

Broth: Uniform turbidity, without 

pellicle. 

Litmus milk: Unchanged. 

Potato: Faint, buff-colored (chanpng 
to brown after five days), non-spreading, 
sparse surface growth. 

Indole not produced. 

Nitrites not produced from nitrates. 

No acid or gas from glucose, fructose, 
mannose, mannitol, sucrose, raffinose, 
inulin, galactose, maltose, salicin, xylose, 
dextrin, arabinose, amygdalin, lactose, 
dulcitol, rhamnose, trehalose, sorbito or 
inositol. 

Serological relations: Rabbit antiserum 
is specific for all strains, and no cros 
agglutination with ?toguchia granu osts 

or Noguchia simiae. , 

Temperature relations: Optimum 
to 30°C. Thermal death point 56 U m 

15 to 30 minutes. 

Aerobe, facultative anaerobe. 

Distinctive characters: No action o 
carbohydrates; peritrichous flagella; ag 
glutination. . . i 

Source: From spontaneous conjunctiva 

folliculosis, Type II of rabbits. 

Habitat: Causes conjunctival fom 

losis in rabbits. 


Genus IV. Dlallster Bergey et al.* 

(Manual, 1st ed., 1923 , 271.) ^ 

Minute rod-shaped cells, occurring singly, in pairs and short chains. N - 

• Rearranged by Prof. D. H. Bergey, Philadelphia, Pennsylvania, 1933 
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Strict parasites. Growth occurs only under anaerobic conditions in inedi.a containing 
fresh, sterile tissue or ascitic fluid. 

The type species is Dialister pneumosintes (Olitsky and Gates) Bergey etal. 


1. Dialister pneumosintes (Olitsky 
and Gates) Bergey et al. {Bacterium 
pneumosintes Olitsky and Gates, Jour. 
Exp. Med., S3, 1921, 713; ibid., 35, 1922, 
813; Bergey et al., Manual, 1st ed., 1923, 
271; Bacillus pneumosintes Ford, Tcxtb. 
of ^ct., 1927, 634.) From Greek pneu~ 
mon, lung and sintor, murderer or 
devastator. 

Very short rods: 0.15 to 0.3 (in glucose 
broth 0.5 to 1.0) micron in length, occur¬ 
ring singly and occasionally in pairs, 
short chains or masses. The ends are 
rather pointed. Non-motile. Gram- 
negative. 

Blood agar colonies: Small, clear, circu¬ 
lar, entire, translucent. 

Growth occurs in media containing 
fresh sterile rabbit kidney and ascitic 
fluid. Under strict anaerobic conditions 
good growth on rabbit blood glucose agar 
plates. 

Glucose broth in which Escherichia 
colt or Bacillus viesentericus (non-spore 
stage) has grown favors growth. 

Acid but no gas from glucose. Neither 
acid nor gas from maltose, lactose, 
sucrose, inulin or mannitol. 

Passes Berkefeld V and N filters. 

Optimum pH 7.4 to 7.8. No growth 
at pH 7.0 or pH 8.0. 

Optimum temperature 37®C. Does 
not survive 56®C for half an hour. 

Pathogenic for rabbits and guinea pigs. 

Strict anaerobe. 

Source: From filtered nasopliar^'ngeal 
secretions from influenza patients in the 
early hours of the disease. 

Habitat: Nasopharyngeal washings of 
man. 


2. Dialister granuliformans (Pavlovic) 
Bergey et al. (Bacterium granulijor- 
mans Pavlovic, Cent. f. Bakt., I Abt., 
Orig., 113, 1929, 432; Bergey et al., Man¬ 
ual, 4th ed., 1934, 341.) From Latin, 
forming granules. 

Small rods: Non-motile. Gram-nega¬ 
tive. 

Agar colonies: Very small, transparent. 
No gas. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Indole not formed. 

Acid from glucose, sucro.se and man¬ 
nitol. 

Passes through CJiamberland Lj filters. 

Pathogenic for rabbits. 

Optimum temperature 37'’C. 

Anaerobic to microaerophilic. 

Source: From respiratory tract in 
influenza. 

Habitat: Mucous membrane of respira¬ 
tory tract. 

Appendix, Family Parvobacteriaceae:* 
De Bord (Iowa State Coll. Jour. Sci., 
16, 1942, 471) describes a new tribe, 
Mimeae, which may belong in this fam¬ 
ily. The tribe includes three genera: 
Mima with the species Mima polymorpha 
and the variety Mima polymorpha var. 
oxidans; Herellea with the single species 
Herellea vaginicola; and CoUoides with 
the single species CoUoides anoxydana. 
The organisms are Gram-negative, pleo¬ 
morphic, motile or non-motile rods, 
often showing bipolar staining, and were 
isolated from the normal vagina and from 
cases of vaginitis and conjunctivitis. 
Deacon (Jour. Bact., J^, 1945,511) classi¬ 
fies nineteen cultures in these genera. 


* Arranged by Dr. A. Parker Hitchens, University of Pennsylvania, Philadelphia, 
Pa., March, 1946. 
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FAMILY XII. BACTERIACEAE COHN.* 

(.\rch. f. path. Anat. u. Physiol., 65, 1872, 237.) 

PiMd-phapod cells without cndospores. Motile or non-motilc. Gram-positive 
end Grem-ncgative. Metabolism complex, amino acids being utilized, and generally 
carbohydrates. 

This is a heterogeneous collection of species wliose relationships to each other and 
to otlicr groups are not clear. 

Only a single genus is recognized at this lime. 

Genus I. Bacterium Ehrenberg. 

{IV. Evertebrata, Berlin, 1828, 8.) 

Tlie original description of this genus follows: 

Bacterium, .Vovum Gctuis. Familia Vibrionorum. Character Generis: Corpus polyRastricum? anen- 
terutn? niiclntn, oblonKum, fusiforme nut filifonne. rectum, monomorplium tconinu lioiie nuuquaru i a a 
imn). puniin flexile (ncc aperte undatum), transverse in mullas partes sponte dividuum. 

Tills may be translated as follows: 

Bacterium, new Bonus. Family of Vibriona. Character of the genus: Body with many 
without an iute.stine? naked, oblong, spindle-shaped or filiform, straight, monomorphic (iu con rac 
i.ovtr dilated), not very pliant (and not definitely wavy), freely separated transversely into many paru«- 


The type species is Bacterium triloculare Ehrenberg. 

The original description of this species follows: 

B. triloculare nov. spec.; distinctc triloculare s. triarticulatum. subfusiformum, byalinum. 
.Vnimalculum I/300 linear longum, coriiore tcreti. Articuli s. sejita interna divisionem instan em 
plicem transveisam indicare videntur. Mobile sed pigrum animalculum. 

InOiusiJovis HammonisSiwocobservaium.practeroanullibi. resnuunt 

Baotcrii Gem'ris physiologia huiusque obscurra. Cibo colorato Ventriculos roplero hae 
idcoque ad Polygastrica non mwi dubitantcr et interim collocantur. 


This may be translated as follows: 

B. triloculare new. spec. Definitely with three compartments or th^ jointed. Ja- 

Animalcules 1/300 of a line in length, with a smooth body. The joints or interna! in the 

veloi» preliminary to multiple transverse splitting. A motile but sluggish animalcul . 

Oasisof Jupiter Ammon of Siwa, nowhere else. mi ihpirstomacbswith 

The physiology of the genus Bacterium is thus far obscure. These forms poiyg„trica. 

colored food and for this reason they arc placed with hesitancy and only temporarily m 

The original descriptions are taken from Buchanan, General his 

teriology, 1925-, 213, and the translations are also furnished by him. 
book gives an excellent summary of the nomenclatural status of tne le 

on pages 213-230. • j to nermit 

Since neither the genus nor the type species is characterized in ^ re- 

defiiiite identification, the term Bacterium is used to cover ^ is not 

forming, rod-shaped bacteria whose position in the system of cm 

definitely established (Breed and Conn, Jour. Bact., St, 1936 , 517).__ 


• Completely rearranged by Prof. Robert S. Breed and Mm. 
New York State E.xperiment Station, Geneva, New York, May 
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Bacterium triloculare Ehrenbcrg. (Ehrenberg, IV. Evertebrata, Berlin, 182S, 
8; Bacillus ehrenbergii Trevisan, I generi e le specie delle Batteriacee, 1899,18; Bac¬ 
terium ehrenbergii De Toni and Trevisan, in Saccardo, Sylloge Fungorum, 8 , 1889, 
1022; Bacterium lineola Cohn, Beitrage z. Biol. d. Pflanzen, /, Heft 2, 1872, 170.) 
Cohn also regards Vibrio lineola Miller, 1786 and Vibrio lineola (Bacillus lineola, 
Bactrium lineola) of other authors as synonyms of Baclerium triloculare as explained 
by Buchanan (loc. cii., 213 and 521). From Latin tri, three and loculus, cells or 
compartments. 

Key to the remaining species of genus Bacterium. 

I. Gram-positive. 

A. Non-motile. * 

1. Nitrites produced from nitrates. 

1. Bacterium erythrogenes. 

2. Bacteriurn subrufum. 

3. Bacterium linens. 

4. Baclerium mycoides. 

5. Bacterium mutabile. 

6. Baclerium qualis. 

2. Nitrites not produced from nitrates. 

a. Grow on ordinary media. 

7. Bacterium racemosum. 

8. Bacterium healii. 

9. Bacterium insectiphiliuni. 

10. Bacterium tegumenticola. 

11. Baclerium minulaferula. 

12. Baclerium fulvum. 

aa. Grow only on sea water media on fresh isolation. 

13. Bacterium marinopiscosus. 

14. Baclerium sociovivum. 

15. Bacterium immolum. 

3. Action on nitrates unknown. 

16. Bacterium ammoniagenes, 

17. Baclerium minutissimum. 

B. Motile in young cultures. 

1. Nitrites not produced from nitrates. 

18. Bacterium incertum. 

19. Bacterium imperiale. 

C. Motile. Proteus-like growth on media. 

1. Nitrites not produced from nitrates. 

20. Baclerium zopfii. 

21. Bacterium zenkeri. 

Appendixes I and II: These list 34 additional species of Gram-positive, motile 
or non-motile, non-spore-forming, rod-shaped bacteria. See p. 609 and 612. 

II. Gram-negative. Digest cellulose. Do not digest agar. 

A. Non-motile. Gelatin liquefied. Chromogenic. 

1. Milk acid. 

22. Bacterium idoneum. 

22a. Bacterium liqualum. 
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B. Xon-motile. Gelatin liqueBod. Non-chromogenic. 

1. Milk acid. 

a. Ammonia produced; indole not formed. 

23. Baclerium udum. 

C. Xon-motile. Gelatin not liquefied. Xon-ehromogenie. 

1. Milk unchanged. 

a. -Vmmonia not produced; indole not formed. 

24. Bacterium lucrosum. 

2. Milk acid. 

a. Ammonia not produced; indole not formed. 

25. Baclerium acidulum. 

26. Bacterium castigalum. 

D. Motile. Gelatin liquefied. Chromogenic. 

1. Milk acid. 

a. Ammonia produced; indole is formed. 

27. Bacterium bibulum. 

Appendices'l to HI: These list additional species of cellulose-digesting, 
Gram-negative, usually motile, rod-shaped bacteria. Seep. 615and 622. so 
similar species that utilize bacterial polysaccharides as a sole source of carbon. 

Seep. 623. 


III. Gram-negative. Digest agar. 

\. Xon-inotile. 

1. Nitrites not produced from nitrates. 

a. Acid from glucose and other sugars. 

28. Bacterium nenckii. 

aa. Do not form acid from glucose. 

29. Bacterium polysiphoniae. 

30. Bacterium drobachense. 

2. Action on nitrates unknown. 

a. Do not form acid from glucose. 

31. Baclerium delesseriae. 

32. Bacterium boreale. 

33. Bacterium ceramicola. ■ h us or 

B. Motile but position of flagella not given. May be either peritnc 

polar. 

1. Nitrites not produced from nitrates. 

34. Bacterium rhodomelae. 

2. Action on nitrates unknown. 

35. Bacterium alginovorum. 

36. Bacterium fucicola. 

Appendices I and II: These describe 9 additional species bacte- 

digest agar. All are Gram-negative, motile or non-motile ro 

ria. Seep. 627. 

IV. Gram-negative. Digest chitin. 

A. Motile but position of flagella not given. 

1. Non-chromogenic. 

37. Bacterium ckttinophilum. 

2. Yellow chromogenesis. 

38. Baclerium chitinocnroma. 
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Appendix I: One additional species is described. See p. 632. 

V. Gram-negative. Phosphorescent bacteria. 

A. Non-motile coccobacilli from sea water. 

1. No liquefaction of gelatin. 

39. Bacleriujn phosphoreum. 

B. Motile rods from sea water. Position of flagella not given. 

1. No growth in broth, and on coagulated blood serum or potato. 

40. Bacterium phosphorescens indigenus. 

C. Not stated whether motile or non-motile. From diseased insect larvae. 

1. Yellow growth on potato. 

41. Bacterium hemophosphoreum. 

Appendix I: This includes a list of more than 40 additional so-called species of 
phosphorescent bacteria. See p. 634. 

VI. Gram-negative. Facultative autotrophic bacteria which secure energy from 
the oxidation of hydrogen and utilize carbon from CO 2 . 

A. Non-motile. 

1. Growth shows a red chromogenesis. 

42. Bacterium erythrogloeum. 

B. Motile with pcritrichous flagella. 

1. Yellow chromogencsis. 

43. Bacterium lentulum. 

2. Ivory-colored colonies. 

44. Bacterium leucogloeum. 

VII. Gram-negative. Plant pathogens 

A. Non-motile. 

1. Gelatin not liqueflcd. 

45. Bacterium slewartii. 

B. Motile with a polar flagellum. 

1. Gelatin not liqueflcd. 

a. Colonies mustard yellow on agar. 

46. Bacterium tardicrescens. 

b. Colonies honey to Naples yellow on agar. 

47. Bacterium albilineans. 

Appendix I: This includes 19 additional species placed in Bacterium or Bacil¬ 
lus by their authors. All are reported to cause or to be associated with plant 
disease. See p. 639. 

VIII. Gram-negative. Miscellaneous species. 

A. Produce a pink to red chromogenesis. 

1. Motile. 

a. Gelatin not liquefled. 

48. Bacterium rubefaciens. 

aa. Gelatin liquefled. 

49. Bacterium rubidum. 

2. Non-motile. 

a. Gelatin not liquefled. 

50. Bacterium latericeum. 
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B. Do not produce pink or red chromogenesis. 

1. Motile. 

a. Produce clouding in alginic acid liquid medium, 
b. From sea water. 

51. Bacterium alginicum. 

bb. From soil. 

52. Bacterium terreslralginicum. 
aa. Action on alginic acid unknown. 

b. Causes a disease of swans. 

53. Bacterium cijgni. 


2. Kon-motilc. 

a. Causes red spot disease of carp. 

54. Bacterium ci/prinicida. 

aa. Causes liberation of ammonia from a mixture of horse manure and 
urine. 

55. Bacterium parvulum. 

aaa. Utilizes formates in a liquid medium with the formation of a red 
dish pellicle. 

56. Bacterium methylicum. 


Appendix I: Miscellaneous described species of non-spore-forming bacteria 

placed by their authors in the genus Bacillus. See p. 643. 

Appendix II; Includes anaerobic bacteria that produce methane. See p- 645. 
Appendix III; Miscellaneous species of non-spore-forming bacteria listed 
but not described. See p. 647, 


1. Bacterium erythrogenes Lehmann 
and Kcumann. {Bacterium lactis ery- 
ihrogenes Grotenfelt, Fortschr. d. Med., 
7, 1889 , 41; Bacillus lactis erythrogenes 
Sternberg, Manual of Bact., 1893, 636; 
Lehmann and Neumann, Bakt. Diag., 
1 Aufl.,2,1896,253; Bacillus erythrogenes 
Matzuschita, Bakt. Diagnoslik, 1902, 
220; Coryncbacterium erythrogenes Kiss- 
kalt and Berend, Cent. f. Bakt., 1 Abt., 
Orig., 81y 1918, 446; Erythrobacillus 
erythrogenes Holland, Jour. Bact., 5, 
1920, 218; Erythrobacillus {lactis) ery- 
throgenes Holland, ibid.; 5erra(ia lactica 
Bergey et a!., Manual, 1st ed., 1923, 93; 

Chromobaclerium lactis erythrogenes Top- 
ley and Wilson, Princip. Bact. and Im- 
mun., /, 1931, 402.) From Greek, red- 
producing. 

Micrococcus lactis erythrogenes Conn, 
Esten and Stocking, Ann. Kept. Stores 
(Conn.) Agr. E.xp. Sta., 18, 1906, 117 is 
stated to be allied to if not identical with 
the above species. 

Rods: 0.3 to 0.5 by 1.0 to 1.4 microns, 
in broth often up to 4.3 microns long, 


occurring singly, and having roundet 
ends. Non-motile. Stain with t e 
usual aniline dyes. Gram-positive (Le i 
mann and Neumann, loc. cit.). 

Gelatin colonics: Small, circular, gra> 
ish, becoming yellow, sinking into t c 
medium. Cratcriform liquefaction. 
Yellow sediment. Medium becomes 

rosc-colorcd. . . 

Gelatin stab: Surface growth a whUis . 

later yellow, circular, thin layer. 
growth in stab. Slow liquefaction at 
surface, the liquid becoming re i 
yellow sediment. The solid portion as 

sumes a weak rose color. . 

Agar stab: Moist, fairly luxunanU 
yellow growth, the medium assuming 


to wine color. „ , 

oth; Turbid, yellow. Pelbde ( 
id Johnson, Jour. Exp. Med., 

tmus milk: Acid. Slow congulation, 

ag a clear fluid which becomes blood 

a color. Reaction becomesato ^e- 

srile milk: Casein dowly P 
t later oeutonized. Reaction 
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tral or alkaline A stratum of blood-red 
serum is seen above the precipitated 
casein and above this a yellowish-white 
layer of cream. An intensive sweet 
odor that becomes disagreeable. 

Potato: Growth rapid, spreading, 
grayish, later yellow. On incubation a 
deep golden yellow color develops after 
6 to 8 days, A darkening of the medium 
occurs around the culture, but soon dis¬ 
appears; later the whole potato becomes 
a weak yellowish-red. 

Indole not formed (Fuller and John¬ 
son, loc. cii.). Indole formed (Chester, 
Manual Determ. Bact., IGOl, 17-1). 

Blood serum: Liquefied (Fuller and 
Johnson, loc. cit.). Not liquefied (Hcff- 
eran, Cent. f. Bakt., II Abt., 11, 1903, 
456). 

Nitrites produced from nitrates. 

No gas from carbohydrates. 

Slight HjS production (Matzuschita, 
loc. cit.). 

Red pigment insoluble in water, alco¬ 
hol, ether, chloroform, and benzol. 
Soluble (Hefferan, loc. cit., 529). Yellow 
pigment insoluble. 

Distinctive character: Milk becomes 
blood-red in 12 to 20 days. 

Non-pathogenic for mice (Fuller and 
Johnson, loc. cit.). 

Optimum temperature 28* to 35®C. 

Aerobic (Fuller and Johnson, loc. cit.). 
Facultative anaerobe (Hefferan, loc. 
cit., 630). 

Source: Isolated from red milk by 
Hueppe in Wiesbaden in 1886. Isolated 
from feces of a child by Baginsky (Cent, 
f. Bakt., e, 1889, 137). Isolated from 
Ohio River water by Fuller and Johnson 
{Inc. cit.). Isolated from Mississippi 
River water by Hefferan (loc. cii.). 
Tataroff isolated a rose fluorescent coc- 
cobacterium (Bacillus rosajluorescens 
Kruse, in Fltigge, Die Mikroorganismen, 
3 Aufl., 2 , 1896, 305; Bacterium rosa 
fiuorescens Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 142) which 
Migula reports as identical, but which 
Hefferan considers atypical. 


Habitat: Probably widely distributed 
in nature. 

2. Bacterium subrufum Burri and 
Staub. (Burri and Slaub, Landu irtscli. 
Jahrb. d. Schweiz, 40, 1926, lOOG; Scr~ 
ratio subrufa Bergey ct al.. Manual, 3rd 
ed., 1930, 123.) From Latin sub, some¬ 
what and rufu.s, red. 

This organism is stated to be closely 
related to or possibly identical with 
Bacterium erythrogenes. 

3. Bacterium linens Weigmann. (Or- 
ganismus IX, WollT, iMilchwirt. Zent., 
5, 1909, 145; Weigmann, in Wolff, Cent, 
f. Bakt., II Abt., 28, 1910, 422. and in 
Weigmann, Mykologie der Milch, 62, 
1911,220.) From Latin, daubing, smear¬ 
ing, or spreading over. 

Also see Steinfatt, Milchwirt. 
Forsch., 9, 1930, 7; Kelly, Jour. Dairy 
Sci., 20, 1937, 239; Albert, Long and 
Hammer, Iowa Agr. E,\p. Sta. Res. Bui. 
328,1944. 

Rods: Average 0.G2 by 2.5 microns 
when grown 1 to 2 days on tryptone glu¬ 
cose extract agar. Non-motlle (Wolff). 
Gram-positive (Kelly, loc. cit.). 

Gelatin colonies; At 18®C punctiform 
at first; after 12 days about 1 mm in 
diameter, compact, circular, shiny, 
brownish-yellow to red-brown. Lique¬ 
faction. 

Gelatin stab: At 21®C crateriform 
liquefaction, becoming infundibu’iform 
on extended incubation. Rate of lique¬ 
faction varies considerably with differ¬ 
ent cultures, some completing it in 15 
days, others not completing it even on 
long incubation. 

Agar colonics: On tryptone glucose 
extract agar at 21®C after 1 to 2 days, 
colonies convex, glistening, entire and 
cream-colored, becoming brown on ex¬ 
tended incubation; diameters 2 to 5 mm. 
On special cheese agar with incubation 
in oxygen, luxuriant growth, the color 
becoming bright orange to reddish- 
brown in 4 or 5 days. 
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Agar stab; Heavy surface growth on 
tryptone glucose extract agar at 21®C 
with no growth along the line of inocu¬ 
lation. 

Agar slant: On tryptone glucose ex¬ 
tract agar at 21°C after 2 clays growth 
abundant, glistening, filiform, non-viscid 
and cream-colored. After extended in¬ 
cubation the color usually is brown. 
On special cheese agar in an atmosphere 
of o.xygen the growth is bright orange to 
reddish-brown in 4 or 5 days. 

Broth: Turbidity and sediment. 

Potato: At 21°C after 5 days, growth is 
scanty, smooth, glistening, and varies in 
color from grayish to brownish-orange. 

Litmus milk: At 21°C the changes are 
very slow. After 6 or 7 days the reac¬ 
tion becomes alkaline and a yellow sedi¬ 
ment appears. After approximately 10 
days some digestion is evident, complete 
digestion generally requiring several 
weeks to over a month. A distinct am- 
moniacal odor, more or less objection¬ 
able, produced in old cultures. No 
coagulation. Ropiness often produced 
on extended incubation. 

Indole not produced. 

Nitrites produced from nitrates. 

Methyl red and Voges Proskauer reac¬ 
tions negative. 

Hydrogen sulfide produced in broth 
and on agar by some cultures but not 
by others. 

Natural fats not hydrolyzed. 

No acid or gas from arabinose, dex¬ 
trin, glucose, dulcitol, galactose, inulin, 
lactose, fructose, maltose, mannitol, 
raffinose, rhamnose, salicin, sorbitol, 
sucrose or xylose. 

Ethyl, propyl, butyl and amyl alco¬ 
hols oxidized largely to corresponding 
acids; hexyl and hepty 1 alcohols attacked 
much less actively. 

Catalase rapidly produced in or on 
various media. 

Aerobic. 

Growth temperatures: Growth at 8* 
and 37®C but not at 45‘’C, with the opti¬ 
mum at about 2VC. 


Heat resistance low, cultures being 
killed at 62.8°C in a few minutes. 

Growth in the pH range 6.0 to 9.8; no 
growth at pH 5.0 or below. 

Salt tolerant, cultures growing readily 
in a concentration of 15 per cent salt in 
broth or skim milk, with certain cultures 
apparently capable of growing somewhat 
in much higher concentrations. 

Closely related to or identical with 
Bacterium enjthrogenes Lehmann and 
Neumann. 

Source: Originally isolated by Wolff 
from the surface flora of various soft 
cheeses. 

Habitat: Widely distributed in and 
especially on the surface of dairy prod¬ 
ucts including blue, brick, camembert, 
limburger, oka and cheddar cheeses, 
butter, milk and cream. Also found in 
various feeds including grains, silage, 
green plants, hay and straw, and in 
water, soil, manure, and air. 

4. Bacterium mycoides (Grotenfelt) 
-Migula. (Bacterium mycoides roseum 
Grotenfelt, Fortschr. d. Med., 7, 1889, 
46; BaciUtts mycoides roseus Sternberg, 
Manual of Bact., 1893, 640; Migula, 
Syst. d. Bakt., 2, 1900, 482; Bacillus 
jiiycoides-roseus Holland, Jour. Bact., 
1920, 219; Erythrobacillus mycoides- 

roseus Holland, ibid.; Serralia rosea 
Bergey et al.. Manual, 1st ed., 1923, 96, 

Chromobacterium mycoides roseum Top 
ley and Wilson, Princip. of Bact. and 
Immun., 1, 1931, 402.) From Greek 
mykes, fungus and eidos, form. 

Hods: Non-motile. Gram-positive. 

Gelatin colonies: Red, feit-hke. 
Liquefaction. 

Gelatin stab: Rapid liquefaction- 
Red pellicle. Red sediment. 

Colonies composed of interlacing n 
ments (Crookshank, Textb. of Bact. and 

Inf. Dis., 1900, 524). . 

Agar stab: Red color produced u 
grown in dark; a white color in presen 

of light. 


FAmLY BACTERUCEAE 


603 


Optimum temperature: Room tem¬ 
perature. 

Pigment soluble in water. 

Distinctive characters; Morphologi¬ 
cally like the anthrax bacillus. Appear¬ 
ance in gelatin. Production of a 
brilliant rose color when grown in the 
dark; colonies grown in the light are 
white, but they assume the red color if 
developed further in the dark. 

Source: Isolated from Wiesbaden soil 
by Scholl. 

Habitat: Unknown. • 

Note: It has been claimed that this 
or a similar organism forms spores 
(Matzuschita, Bact. Diag., 1902, 168; 
Perlberger, Cent. f. Bakt., 11 Abt., 62, 
1924, 8). However cultures of Scholl’s 
organism received from the Kril collec¬ 
tion by Hefferan (Cent. f. Bakt., II Abt., 
U, 1903,458) and by Breed in 1926 (per¬ 
sonal communication) did not form 
spores. These cultures produced ni¬ 
trites from nitrates and failed to liquefy 
gelatin. 

5. Bacterium mutabile Steinhaus. 
(Jour. Bact., 4^, 1941,775.) From Latin 
mulabilis, changeable. 

Short rods: On agar, 0.7 to 0.9 by 1.0 
to 2.0 microns. In fluid media, such as 
tryptophane broth, pleomorphic, bi¬ 
zarre forms frequently appearing slightly 
branched. Non-motile. Gram-posi¬ 
tive. 

Gelatin stab: Very slow liquefaction. 
Agar colonics: Cream to yellow, cir¬ 
cular, smooth, glistening, opaque. 

Broth: Moderate turbidity, slight sedi¬ 
ment. 

Litmus milk: Alkaline, soft curd, slow 
peptonization. 

Indole not produced. 

Hydrogen sulfide not produced. 
Nitrites produced from nitrates. 
Starch not hydrolyzed. 

Glucose, lactose, sucrose and maltose 
not fermented. 

Aerobic. 

Source: From the alimentary tract of 


the lyreman cicada, Tibicen linnei 
Smith and Grossbeck. 

Habitat; Unknown. 

6. Bacterium quails Steinhaus. (Jour. 
Bact., 4^, 1941, 774.) From Latin 
qualis, of what kind. 

Short rods: Very short on solid media, 
frequently ellipsoidal in shape. In fluid 
media: 0.5 to 0.7 by 1.4 to 2.2 microns, 
occurring singly. Non-motile. Gram- 
positive. 

Gelatin stab: Liquefaction. 

Agar colonies: Small (1 mm), white, 
glistening, transparent, circular, entire. 

Agar slant: Filiform, smooth, glis¬ 
tening. 

Broth; Almost clear; slight turbidity 
in serum and glucose broth. 

Litmus milk: No change. 

Indole not produced. 

Hydrogen sulfide not produced. 

Slight production of nitrites from ni¬ 
trates. 

Starch not hydrolyzed. 

Acid from glucose, sucrose and mal¬ 
tose. Lactose not fermented. 

Source: From the alimentary tract of 
the tarnished plant bug, Lygus pralen- 
sis L. 

Habitat: Unknown. 

7. Bacterium racemosum Zettnow. 
(Zettnow, Cent. f. Bakt., I Abt., Grig., 
77, 1915, 209; Zettnowia racemosa Ender- 
lein, Bakt. Cyclogenie, Berlin, 1925,259; 
Flavobacterium racemosum Bergey et al., 
Manual, 1st ed., 1923, 115.) From Latin 
racemosus, branching. 

Filaments: 0.5 to 0.8 by 10 to 12 mi¬ 
crons. Branching forms found. Non- 
motile. Gram-positive. 

Gelatin colonies: White, circular, soft, 
granular, browmish, entire. 

Gelatin stab: White surface growth. 
Liquefaction napiform. 

Agar slant: Light yellow, limited 
growth. 

Broth: Turbid. 
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Litmus milk: Coagulated, becoming 
alkaline. 

Potato: Dirty *yello\Yish, limited 

streak. 

Indole not formed. 

Nitrites not produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 20®C. 

This species is selected as the type 
species for the genus Zeltnowia Ender- 
lein {luc. cit.). 

Source: Contamination on agar plate. 
Habitat: Unknown. 

8. Bacterium healii Buchanan and 
Hammer. (Buchanan and Hammer, 
Iowa .Vgr. Exp. Sta. UesearcL Bull. 22, 
1915, 210; Escherichia henlH Berge}' 
ct al., Manual, 1st ed., 1923, 200; .IcAro- 
mohacter healii Bergey ct al., Manual, 
2nd cd., 1925, 157.) 

Rods: 0.5 to 0.7 by 2.2 to 12.9 microns, 
occurring singly and in short chains. 
Non-motilo. Gram-positive. 

Gelatin stab: Stratiform liquefaction. 
Villous growth in stab. 

Agar colonies: Large, white, rhizoid. 
Agar slant: White, hard growth, with 
no tendency to stringiness. 

Broth: Gray pellicle and sediment. 
Litmus milk: Slightly acid, becoming 
slimy, coagulated, peptonized. 

Potato: Heavy, white, glistening 
growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Acid without gas from glucose, fruc¬ 
tose, maltose, sucrose, salicin and starch. 
No acid from mannitol, lactose, raffinose 
or inulin. 

Aerobic, facultative. 

Optimum temperature 22®C. 

Source: Slimy milk. 

Habitat: Unknown. 

9. Bacterium Insectlphllium Steinhaus. 

(Jour. Bact., 4^, 1941, 777.) From M. 
L. insect, insect and Greek philos, 

loving. 

Rods: 0.8 to 1.2 by 1.0 to 2.8 microns, 
occurring singly. At times appearing 


almost as cocci or coccobacilli. Non- 
motile. Gram-positive. 

Gelatin stab: Liquefaction. 

Agar colonies: Light greenish-yellow, 
circular, entire, raised, glistening, 
smooth, opaque. 

Agar slant: Filiform, raised, smooth, 
glistening, opaque growth. 

Broth: Moderate turbidity, slight vis¬ 
cid sediment. 

Litmus milk: Alkaline, peptonization, 
and slow reduction. 

Potato: Greenish-yellow, thick, moist 
growth. 

Indole not produced. 

Nitrites not produced from nitrates. 

Hydrogen sulfide not produced. 

Starch slightly hydrolyzed. 

No action on the following carbohy¬ 
drates; Glucose, lactose, sucrose, mal¬ 
tose, fructose, mannitol, galactose, arab- 
inose, xylose, dextrin, salicin, rhamnose, 
raffinose, trehalose, sorbitol, inulin, dul- 
eitol, glycerol, adonitol, mannose. 

Aerobic. 

Source; From the body wall of the 
bagworm, Thyridopteryx ephemeraefor- 
jnis Haw. 

Habitat: Unknown. 


10. Bacterium tegumenticola Stein- 
aus. (Jour. Bact., 4^, IWI, 775.) 
rom Latin tegumenliim, cover, 9ki“ 
nd cola, dweller. 

Small rods: 0.5 to 0.8 by 1.0 to 1.5 im- 
rons. Have a tendency to be ellipsoidal 
a solid media. Non-motile. Gram 

ositive. . . 

Gelatin stab: Genenvlly no Iiqueiac- 

ion. Variable. 

Agar colonies: Tiny (1 mm), w * ’ 
onvex, glistening, circular, entire. 
Agar slant: Filiform, glistening, gW' 
;h-white growth. 

Broth: Slight turbidity; sediment. 
Litmus milk; No change. 

Indole not produced. 

Hydrogen sulfide not Produced; 
Nitrites not produced from mtra 

Starch not hydrolyzed. 

Acid slowly produced from glu 


FAMILY BACTERLVCEAE 


605 


and maltose. Acid from sucrose. Lac¬ 
tose not fermented. 

Source: From the integument of the 
bed-bug, Cimcx lectularius L. 

Habitat: Unknown. 

11. Bacterium mlnutaferula Steinhaus. 
(Jour. Bact., 4^, 1941,778.) From Latin, 
small rod. 

Very small rods: 0.4 to 0.9 by 0.7 to 1.0 
micron, occurring singly. Non-motile. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies: Colorless to faint gray, 
circular, smooth, entire, glistening. 

Agar slant: Very thin, transparent, 
glistening growth. 

Broth: Slight turbidity and sediment. 

Litmus milk: No change at first; 
slightly acid after one week. 

Indole not produced. 

Hydrogen sulfide not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid from glucose after4 days. Slight 
acid from sucrose. Lactose and maltose 
not fermented. 

Aerobic. 

Source: From triturated specimen of 
the mud-dauber wasp, Sceliphron ce- 
mentarium Dru. 

Habitat: Unknown. 

♦ 

12. Bacterium fulvum (Zimraermann) 
Chester. (Bacillus fiilvus Zimmermann, 
Bakt. unserer Trink- u. Nutzwasser, 
Chemnitz, /, 18'JO, 44; Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
107; Flavobacterium fulvum Bergey et 
al., Manual, lat ed., 1923, lis.) From 
Latin fulvus, dull yellow. 

Rods: 0.8 by 0.9 to 1.3 microns, occur¬ 
ring singly, in pairs and in chains. Non- 
motilo. Gram-positive. 

Gelatin colonies; Circular, convex, 
reddish-yellow. 

Gelatin stab: Convex, reddish-yellow 
surface growth. Good growth in stab. 
Slow liquefaction. 

Agar slant: Orange-red, glistening 
streak. 


Broth: Turbid with yellow sediment. 

Litmus lactose broth; .\cid, or acid 
then alkaline (Dyar, Ann. N. Y. Acad. 
Sci., 8 , 1895, 368). 

Potato: Slowly spreading, yellowish, 
glistening growth. 

Indole formed (Dyar, loc. cit.). 

Nitrites not produced from nitrates 
(Bergey). 

Aerobic, facultative. 

Optimum temperature 30°C. 

Source: From Chemnitz and Dobcln 
tap water (Zimmerm.ann). From dust 
and water (Dyar). 

HabiUt: Water. 

13. Bacterium marinoplscosus ZoBell 
and Upham. (Bull. Scripps Inst. Ocean¬ 
ography, La Jolla, S, 1944, 253.) From 
Latin marinus, pertaining to the sea, 
and piscosus, fish. 

Rods: 1.2 to 1.6 by 2.0 to 4.7 microns, 
with rounded ends, show granular stain¬ 
ing, occurring singly, in pairs and long 
chains. Non-motile. Gram-positive, 
but many cells tend to decolorize leaving 
Gram-positive granules. 

All dilTerential media except the fresh¬ 
water broth, litmus milk, and potato 
were prepared with sea water. 

Gelatin colonics: Gray, circular, con¬ 
vex, 1 mm. No pigment. 

Gelatin stab: Liquefaction napiform, 
becoming crateriform to stratiform with 
age. Complete in 50 days. 

Agar colonics: 2 to 4 mm, circular, con¬ 
vex, entire, smooth, irregular edge. 

Agar slant: Luxuriant, beaded, glisten¬ 
ing, butyrous growth with no pigment. 

Sea-water broth: No turbidity, abun¬ 
dant flocculent sediment, slight surface 
ring. 

Fresh-water broth: Good growth. 

Litmus milk: Decolorized, neutral, 
top peptonized. 

Potato: Heavy, white, raised, mucoid, 
dull growth. Potato darkened. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose and man- 
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nitol. Xo acid from maltose, lactose, 
sucrose, glycerol, xylose or salicin. 
Starch is hydrolyzed. 

Hydrogen sulfide not formed. 
Ammonia produced from peptone but 
not from urea. 

Casein is digested. 

Fats are not hydrolyzed. 

.\erobic. facultative. 

Optimum temperature 20® to 25®C. 
Source: Found on the skin of marine 
fish. 

Habitat: Xot known from other 
sources. 

14. Bacterium sociovivum ZoBell and 
Upham. (Bull. Scripps Inst. Ocean¬ 
ography, La Jolla, 5, 1944, 2G9.) From 
Latin socii/s, associate and vivum,\o live. 

Rods: 0.5 to 0.8 by 3.0 to 4.0 microns, 
with rounded ends, occurring singly, in 
pairs, and chains. Xon-motile. Gram¬ 
positive but tends to dostain, leaving 
Gram-positive cell wall and granules. 

All differential media except the fresh¬ 
water broth, litmus milk and potato were 
prepared with sea water. 

Gelatin colonies: Irregular, sunken, 
lilamentous margin, grayish-white. 

Gelatin stab: Cratcriforrn liquefaction 
becoming stratiform. 

Agar colonies: 2 to 4 mm, circular, 
convex, smooth, entire, darker center. 

Agar slant: Luxuriant, beaded, glis¬ 
tening, butyrous growth with no pig¬ 
ment. 

Sea-water broth: X*o pellicle, no tur¬ 
bidity, heavy floeculent sediment. 
Fresh-water broth: Fair growth. 
Litmus milk: Decolorized, neutral, 
completely peptonized in 20 days. 

Potato: Abundant, dull, light cream- 
colored growth, potato darkened. 
Indole not formed. 

Nitrites not produced from nitrates. 
Acid but no gas from glucose, maltose, 
and mannitol. No acid from glycerol, 
lactose, sucrose, or salicin. 

Starch is hydrolyzed. 

Hydrogen sulfide not formed. 


Ammonia produced from peptone but 
not from urea. 

Casein is digested. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20° to 25 C. 

Source: Found associated with seden¬ 
tary organisms in the sea. 

Habitat: Commonly found on sub¬ 
merged surfaces and on sessile diatoms 
in sea water. 


15. Bacterium immotum ZoBell and 
Upham. (Bull. Scripps Inst. Ocean¬ 
ography, 5, 1944, 271.) From Latin, 

meaning immobile or stationary. 

Rods: 0.8 by 3.1 to 8.6 microns, with 
rounded ends, occurring singly, in pairs, 
and long chains. Non-motile. Gram¬ 
positive but tend to destain leaving 
Gram-positive outline and granules. 

All differential media except the fresh¬ 
water broth, litmus milk, and potato 
were prepared with sea water. 

Gelatin colonies: Small, circular,. 


■aised, gray, slowly digest gelatin. 

Gelatin stab: Cratcriforrn liquefaction 
>ecoming infundibuliform. Bea e 
growth along line of stab. ^'O pigm^^’^ 
Agar colonies: 1 to 2 mm, circular, con¬ 
vex, smooth, lobate margin, darker 

•enters. . 

Agar slant: Luxuriant, glistening. 

jchinulate, mucoid growth with n 

‘ Sea-water broth: No pellicle, moderate 
turbidity, abundant, floeculent se i 
ment. 

Fresh-water broth: Scanty 
Litmus milk: Decolorized, neutra , 

partly peptonized in 20 days. 

Potato: Luxuriant, mucoid, cream. 

growth which darkens potato. 

Indole not formed. 

Nitrites not produced from ' 

Acid but no gas from glucose, m • 

xylose, and mannitol, i ® ^cin. 
glycerol, lactose, sucrose, or sa 

Starch is hydrolyzed. 

Hydrogen sulfide not formed. 
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Ammonia produced from peptone but 
not from urea. 

Casein is digested. 

Fats not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20® to 25®C. 

Source: Found associated with marine 
sedentary organisms. 

, Habitat: Not known from other 
sources. 


16. Bacterium ammoniagenes Cooke 
and Keith. (Cooke and Keith, Jour. 
Bact., IS, 1927, 315; Alcaligenes ammoni¬ 
agenes Bergey et al., Manual, 3rd ed., 
1930, 367.) From M. L. ammonia and 
Latin genero, develop. 

Rods with rounded ends, 0.8 by 1.4 
to 1.7 microns, occurring singly. Non- 
motile. Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, flat, smooth, 
entire, gray. 

Agar slant: Growth moderate, smooth, 
flat, opaque, glistening, butyrous, amor¬ 
phous. 


Broth: Moderate turbidity, with floc- 
culent sediment. 

Litmus milk: Slightly alkaline. 

Indole not formed. 

No action on carbohydrates. 

Blood serum not liquefied. 

Urea is fermented forming ammonia. 
Aerobic, facultative. 

Optimum temperature 30°C. 

Source: From feces of infants. 
Habitat: Presumably widely dis¬ 
tributed in putrefying materials. 


17. Bacterium mlnutlsslmum Migula. 
(Bacillus pyogenes minutissimus Kruse, 
in FlUgge, Die Mikroorganismen, 3 Aufl., 
1896, 447; Bacterium pyogenes minu¬ 
tissimus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., Q, 1897, 89; Migula, 
Syat. d. Bakt., £, 1900, 418; Eberthella 
minutissima Bergey et al., Manual, 1st 
ed., 1923, 228; Shigella minutissima 
Bergey et al., Manual, 3rd ed., 1930, 
369.) From Latin, smallest. 


Description from Kruse (loc. cii.). 
Description not different from that of 
Bacillus tenuis sputigenes Pansini, ac¬ 
cording to Chester (.Vnn. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 89). 

Rods: 0.5 by 1.0 micron, occurring 
singly and in pairs. Non-motile. 
Gram-positive. 

Gelatin stab: No liquefaction. Yel¬ 
lowish growth spreading slightly on 
surface. 

Growth on agar and blood serum is not 
characteristic. 

Acid but no gas from glucose and lac¬ 
tose. 

No characteristic odor. 

Not pathogenic for mice and rabbits. 

.Aerobic, facultative. 

Optimum temperature 37®C. 

Source: Isolated from a facial abscess. 

Habitat: Not known from other 
sources. 

18. Bacterium incertum Steinhaus. 
(Jour. Bact., 4^, 1941, 776.) From Latin 
incertus, uncertain. 

Short rods: 0.5 to 0.8 by 1.0 to 1.5 
microns, occurring singly and occasion¬ 
ally in pairs. Young cultures motile, 
after 48 hours generally non-motile. 
Gram-positive; after 48 hours many 
cells become Gram-negative. 

Gelatin stab: No liquefaction. 

.Agar colonies: Tiny, grayish-white, 
smooth, almost transparent. Does not 
grow well on nutrient agar. 

North’s gelatin chocolate-agar slant: 
Filiform, thin, transparent growth. 
Brown color of chocolate medium 
changes to yellowish-green. 

Blood agar: .Alpha hemolysis at first; 
after three days beta hemolysis. 

Broth: Almost clear; very slight 
growth. 

Litmus milk: No change. 

Indole not produced. 

Hydrogen sulfide not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid but no gas from glucose, sucrose. 
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fructose, mannose, and maltose. No 
fermentation of lactose, rhamnose, galac¬ 
tose, mannitol, dulcitol, inositol, or 
sorbitol. 

Voges-Proskauer test: Negative. 

Microaerophilic. 

Source; From the ovaries of the b’re- 
man cicada, Tibicen linnei Smith and 
Grossbeck. 

Habitat: Unknown. 

19. Bacterium imperiale Stcinhaus. 
(Jour, liact., 4^, 19-11, 777.) From Latin 
iuipcridtis, referring to the imperial 
moth. 

Small rods: 0.5 to 0,8 by 1.0 to 1.7 
microns, occurring singly and in pairs, 
A few cells motile in young cultures. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonics: Circular, entire, almost 
translucent, pinkish-orange to yellow 
pigment. 

Agar slant: Filiform, glistening, 
opaque growth. 

Broth: Slight to moderate turbidity; 
slight sediment. 

Litmus milk: No change at first, later 
slightly acid. 

Potato: Heavy, glistening, moist 
growth; reddish to yellowish-orange. 

Indole not produced. 

Hydrogen sulfide not produced. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid but no gas from glucose, sucrose, 
maltose, fructose, mannitol, galactose, 
arabinose, xylose, salicin, raflinose, tre¬ 
halose, sorbitol, mannose, adonitol, 
esculin, and slight acid from lactose and 
dextrin. Inulin, dulcitol, glycerol, 
rhamnose, adonitol, and inositol not 

fermented. 

Aerobic. 

Source: From the alimentary tract of 
the imperial moth, Eacles imperialis 
Dru. 

Habitat: Unknown. 

20. Bacterium zopfii Kurth. (Kurth, 
Bericht. d. deutsch. Botan. Gesellschaft, 


1, 18S3, 97; Kurlkia zopfii Trevisan, Atti 
della Accad. Fisio-Medico-Statistica in 
Milano, Ser. 4, 3, 1885, 92; Helikobac 
terium zopfii Escherich, Miinch. med 
Wchnschr., S3, 1886, 2, quoted from P^n 
lows, U. S. Hygienic Lab. Bull. 121,1920 
47; Bacterium (Proteus) zopfii Chester 
Ann. Kept. Del. Col. Agr. Exp. Sta., P 
1897, 103; Bacillus zopfii Migula, Syst 
d. Bakt., 2, 1900, 815; Zopfius zopfii 
AVennerand Rcttger, Jour. Bact., 4-1919, 
334.) Named for W. Zopf, German 
botanist. 

This is the type species of the genus 
Kurlhia Trevisan. (Trevisan, loc. cit.\ 
Zopfius Wenner and Kettgcr, Jour. 

Bact.. 4, 1919, 334.) 

Rods: 0.8 by 3.5 microns, with rounded 
ends, occurring in long curved chains. 
Motile with peritrichous flagella. 
Gram-positive. 

Gelatin colonies: Radiate, filamentous, 

gray. . 

Gelatin stab: Arborescent growth m 

stab. No liquefaction. 

Agar colonies: Fimbriate. 

Agar slant: Spreading, gray, fimbriate 

growth. 

Broth: Slow, moderate growth. 
Litmus milk: No change. 

Potato: Moderate, gray growth; me¬ 
dium becoming dark. 

No ILS produced. 

Indole not formed. 

Nitrites not produced from nitra es. 

Aerobic, facultative. 

Optimum temperature 25° to 30 O- 
Habitat: Decomposing materials. 


1 . Bacterium zenkeri (Hauser) Ches- 
(Proteus zenkeri Hauser, UeDer 
ilnissbakterien, 1885; BuciUnz zenker 
visan, I generi e le specie delle B 
acee, 1889. 17; Chester. ^ ! 

. Col. Agr. Ezp. Sta., 

,fius zenkeri Wenner and Uettge , 

T. Bact., 4. 1919, 334; Bnc.Uus pro 

,-zenkeri Holland, Jour. Bact., . 
) 220; Kurlhia zenkeri Bcrge} ’ 

nual, 2nd ed.. 1925, 215.) Named 

K. Zenker. German pathologist. 
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Rods:0.65 by 1.6 to 2.3 microns, occur¬ 
ring in pairs and in chains. Motile 
with peritrichous flagella. Gram-posi¬ 
tive. 

Gelatin colonies: Feathery, with fila¬ 
ments extending in all directions. 

Gelatin stab: Surface growth like 
colonies. No arborescent growth in 
stab. No liquefaction. 

Agar colonies: Thin, filamentous, 
spreading, grayish. 

Agar slant: Thin, bluish-gray, fila¬ 
mentous growth. 

Broth: Slightly turbid, with gray 
sediment. 

Litmus milk: No change. 

Potato: Barely visible, yellowish- 
gray, glistening growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No HjS formed. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Habitat: Decomposing materials. 

Note: Wenner and Rettger, loc. ct’L, 
consider the last two species to be 
identical. 

Appendix Ij The following Gram-posi¬ 
tive, motile species may belong w ith the 
above group. All have been placed at 
one time or another in the genus Achro- 
mohacler or in the genus Flavobaclcrium. 

1. Achromobacter llpolytlcum (Hues) 
Bergey et al. {Baclridium lipolylicum 
Hubs, Cent. f. Bakt., II Abt., 20, 1908, 
474; Bergey et al., Manual, 2nd ed., 
1926, 158.) From Greek, fat-dissolving. 

Small, oval rods: 0.3 to 0.5 by 0.7 to 
1.4 microns. Motile, possessing peri¬ 
trichous flagella. Gram-positive. 

Gelatin colonies: Circular, grayish to 
transparent with irregular margin. 

Gelatin stab: Infundibuliform lique¬ 
faction. 

Agar colonics: Growth circular, gray, 
smooth, glistening, with entire margin. 

Broth: Turbid with granular sediment. 

Litmus milk: Coagulated, peptonized, 
becoming alkaline. 


Potato: Moist, glistening, grayish 
growth. 

Indole is formed. 

Acid from glucose, sucrose, raffinose, 
.xylose, mannitol and glycerol. 

Fats are split in milk, giving rise to a 
rancid odor and a bitter taste. 

Aerobic, facultative. 

Optimum temperature 35®C. 

Source: From the udder of a cow giving 
abnormal milk. 

Habitat: Milk. 

2. Achromobacter stearophilum {Wein- 
zirl) Bergey et al. {Bacillus slearo- 
philus Weinzirl, Jour. Med. Res., S9, 
1919, 404; Bergey et al.. Manual, 1st 
ed., 1923, 145.) 

Rods: 0.8 by 5.0 microns, occurring 
singly. Motile. Gram-positive. 

Gelatin colonies: Scanty development. 

Pumpkin gelatin stab: Filiform growth 
in stab. No liquefaction. 

Pumpkin agar colonies: Small, smooth, 
convex, gray, entire. 

Pumpkin juice; Slightly turbid. 

Pumpkin milk: Acid, coagulated. 

Potato: Slight, smooth, gray, glisten¬ 
ing, filiform growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

No acid from carbohydrate media. 

Starch from pumpkin hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source; Canned pumpkin. 

Habitat: Unknown. 

3. Achromobacter sulfureum Bergey et 
al. (Bakt. 4, Rubentschick, Cent. f. 
Bakt., n Abt., 78, 1927, 123; Bergey 
et al.. Manual, 3rd ed., 1930, 220.) 

Rods: 0.7 to 0.8 by 1.7 to 2.2 microns, 
occurring singly and in pairs. Motile. 
Gram-positive. 

Gelatin stab: Saccate liquefaction. 

Agar colonies: Circular, grayish-w’hite, 
flat, homogeneous. 

Agar slant: Filiform, grayish-white, 
smooth, homogeneous growth. Metallic 
luster. 
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Broth; Turbid. 

Litmus milk: Peptonized. 

Potato: Yellowish-brown layer. 

Indole not formed. 

Nitrites produced from nitrates with 
gas formation. 

Hydrogen sulfide formed. 

Ammonia formed. 

Urea is attacked. 

Methylene blue reduced. 

Aerobic, facultative. 

Optimum temperature 110® to 33®C. 
Can grow at 0®C. 

Source: Sewage filter beds. 

Habitat: Putrefying materials. 

Note: See Pseudomonas urease Bergey 
et al. for another motile, Gram-positive 
organism described by Rubentschick 
(Bakt. 3) from the same source. 

4. Achromobacter aerophilum (Ilubent- 
schick) Bergey et al. {Urobacterium 
aerophilum Rubentschick, Cent. f. Bakt., 
II Abt., 64, 1925, 16S; Bergey et al., 
Manual, 3rd ed., 1930, 224.) 

Rods: 0.75 to 0.85 by 2.0 to 4.5 microns, 
occurring singly, in pairs, and in chains. 
Motile. Gram-positive. 

Urea gelatin colonies: Small, circular, 
dirty-gray, entire. 

Urea gelatin stab: No liquefaction. 
Urea agar colonies: Circular, grayish, 
smooth. 

Ureaagar slant: Dirty-gray, glistening 
to dry growth. 

Urea broth:Turbid. 

Urea milk: Unchanged. 

Urea potato: Slight, grayish-white 

streak. 

Indole not formed. 

Nitrites produced from nitrates. 

HjS not formed. 

.Ammonia not formed. 

Aerobic, facultative. 

Source: Sewage slime. 

Habitat: Putrefying materials. 

5. Achromobacter citrophilum (Ru¬ 
bentschick) Bergey et al. (Urobaclerium 
citropftifum Rubentschick, Cent, f. Bakt., 
II Abt., 64, 1925, 168; 66, 1926, 161; 67, 


1926, 167; 68, 1926, 327; Bergey et al., 
Manual, 3rd ed., 1930, 224.) 

Rods: 0.75 to 0.85 by 2.5 to 6.0 microns, 
occurring singly and in pairs. Motile. 
Gram-positive. 

Urea gelatin colonies: Small, grayish- 
white, smooth, undulate. 

Urea gelatin stab: No liquefaction. 
Urea agar slant: Filiform, grayish- 
white, thin, dry growth. 

Urea broth: Turbid. 

Urea milk: Unchanged. 

Urea potato: Dirty-gray, thin streak. 
Indole not formed. 

Nitrites produced from nitrates. 
Hydrogen sulfide not formed. 
.Ammonia not formed. 

Can derive oxygen from sodium ci¬ 
trate. 

.Aerobic, facultative. 

Optimum temperature 30®C. 

Source; Sewage slime. 

Habitat: Putrefying materials. 

6. Flavobacterium sulfureum Bergey 
et al. {Bacterium punclans sulfureum 
Zettnow, Cent. f. Bakt., I Abt., Orig., 
77, 1916, 222; Bergey et al., Manual, 1st 
ed.. 1923, 103.) 

Rods: 0.5 to 0.7 by 0.7 to 1.5 microns. 
Motile, possessing peritrichous flagella. 
Gram-positive. 

Gelatin colonies: Very small, bare y 

visible, becoming brownish-yellow, 

granular. 

Gelatin stab: Spreading growth on the 
surface only. I^ter crateriform lique¬ 
faction. 

Agar slant; Sulfur-yellow growth. 
Broth: Turbid. 

Litmus milk; .Alkaline, peptonized, 

yellow. 

Potato; Sulfur-yellow streak. 

Indole not formed. 

Nitrites not produced from mtrat(^- 
Blood serum: Sulfur-yellow growth. 

Partial liquefaction. 

No acid from glucose. 

.Aerobic, facultative. 

Optimum temperature 25®C. 
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Source: Air. 

Habitat; Unknown. 

7. Flavobacterium acetylicum Levine 
and Soppeland. (Bull. 77, Engineering 
Exp. Sta., Iowa State Agricultural Col¬ 
lege, 192G, 46.) From the chemical term 
acetyl. 

Rods: 0.9 by 1.1 microns, with rounded 
ends, occurring singly and in pairs. Mo¬ 
tile. Gram-positive. 

Gelatin stab: Stratiform liquefaction. 
.•\gar colonies: Irregular in form, yel¬ 
low, smooth, flat, amorphous, entire. 

Agar slant: Abundant, cchinulate 
growth, flat, peach yellow, smooth and 
butyrous. 

Broth; Ring growth on surface. Tur¬ 
bid with scant sediment. 

Litmus milk: Slight acidity, with 
granular curd. Peptonization. Litmus 
reduced. 

Potato: Moderate, orange growth. 
Indole not formed. 

Nitrites not produced from nitrates. 
Starch hydrolyzed. 

Blood serum liquefied. 

Acid from glucose with formation of 
acetylmethylcarbinol. 

Aerobic, facultative. 

Optimum temperature 22°C. 

Source: From skimmed milk. 

Habitat: Unknown. 

8. Flavobacterium fuscum (Zimmer- 
mann) Bergey et al. {Bacillus fuscus 
Zimmermann, Bakt. unsercr Trink- und 
Nutzwasser, Chemnitz, 1, 1890, 70; not 
Bacillus fuscus FlOgge, Die Mikro- 
organi8men,2 Aufl., 1886,290; Bacterium 
fuscus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 111; Bergey et al., 
Manual, let ed., 1923, 113; Chromobac- 
terium fuscum Topley and Wilson, Princ. 
Bact, and Immun., 1, 1931, 405.) From 
Latin/uficua, tawny. 

Rods: 0.6 by 1.5 microns, occurring 
singly. Non-motile. Gram-positive. 

Gelatin colonies: Small, with brownish 
center and yellowish border. 


Gelatin stab: Gray, filiform growth in 
stab. Slow crateriform liquefaction. 

Agar colonies: Circular, pale yellow, 
smooth, slightly convex, entire. ■ 

.Vgar slant: Growth greenish-yellow, 
plumose, smooth, raised, undulate. 

Broth: Turbid, with pellicle and sedi¬ 
ment. 

Litmus milk: Slightly acid, becoming 
alkaline, with yellow ring. 

Potato: Thick, moist, chrome-yellow 
streak. 

Indole not formed. 

Nitrites produced from nitrates. 

Aerobic, facultative. 

Optimum temperature 30*C. 

Source: From Zw’onitz River water. 

Habitat: Water. 

8a. Bacterium fuscum liquefaciens 
(Dyar) Chester. {Bacillus fuscus lique¬ 
faciens Dyar, Ann. N. Y. Acad. Sci., 8, 
1895, 375; Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 108.) Received 
from the Kril collection labeled Bacillus 
fuscus; also from air. Differs from the 
above only in liquefying gelatin more 
slowdy and completely. 

9. Flavobacterium marls Harrison. 
(Canadian Jour. Research, /, 1920. 232.) 
From Latin mare, sea. 

Rods: 0.7 to 0.8 by 1.0 to 1.2 microns, 
occurring singly and in pairs. At 37°C 
coccoid. Non-motile. Encapsulated. 
Gram-positive. 

Gelatin colonies: Punctiforin, red- 
orange, granular, entire. 

Gelatin stab: Red-orange surface 
growth, filiform growth in stab. No 
liquefaction. 

Agar colonies: Circular, orange-yellow, 
smooth, glistening, convex. 

Agar slant: Growth moderate, orange- 
yellow', becoming cadmium-orange to 
red-orange, spreading, glistening. 

Broth: Clear with orange pellicle and 
sediment. 

Litmus milk: At first faintly alkaline, 
becoming faintly acid with orange sedi¬ 
ment. 

Potato: Scant growth. 
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Indole not formed. 

Nitrites produced from nitrates. 

Traces of ammonia formed. 

Faint acidity from glucose. No action 
on lactose or sucrose. 

Loeffler’s blood scrum not liquefied. 

No H-jS formed. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Source: Isolated from the skin of fishes. 
Steinhaus (Jour. Bact., 1941, 771) 
found a similar organism in the intestine 
of a caterpillar. 

Habitat; Unknown. 

Appendix II: Among the following 
species reported as Gram-positive are 
many that appear to be similar to the 
species listed above, while others may 
belong to the so-called parasitic lacto- 
bacilli of the intestine or even to Cory- 
nebneterium. The majority have been 
placed by their authors in genera other 
than Bacterium. 

Bacillus achrous Migula. (No. 6, 
Lembke, Arch. f. Hyg., S6, 1896, 301; 
Migula, Syst. d. Bakt., 2, 1900, 676.) 
From feces. Motile. 

Bacillus asterijormis Migula. (Mi¬ 
crobe astdriforme, de Klecki, Ann, 
Inst. Past., 9, 1895, 735; Migula, Syst. 
d. Bakt., 2, 1900, 816.) From feces. 
Motile. Colonies resemble those of 
Bacillus mycoidcs but no spores are 
mentioned. 

Bacillus casei limburgensis Orla-Jen- 
sen. (Orla-Jensen, Cent. f. Bakt., 11 
Abt,, IS, 1904 , 702; Bacterium caeei lim¬ 
burgensis Yale, N. Y. S. Agr. E.\p. Sta., 
Tech. Bui. 268, 1943, 5.) From limbur- 
ger cheese. Presumably the same as 
Bacterium linens Weigmann, 

Bacillus choukevilchi Herter. (Mi¬ 
crobe VIII, Chouk^vitch, Ann. Inst. 
Past., 55,1911,265; Herter, Just’s Botan. 
Jahresber., 55,2 Abt., Heft 4,1915, 748.) 
From the large intestine of a horse. 

Bacillus colorabilis Migula. (Bacillus 
der Gallenblase, Naunyn, Deutsche med. 
Wochnschr., 1891,193; Bacillus cuniculi- 
cida havaniensis Sternberg, Man. of 


Bact., 1893, 450; Bacillus coli colorabilis 
Kruse, in Flliige, Die Mikroorganismen, 
3 Aufl., 2, 1896, 434; Bacterium coli 
colorabilis Chester, Ann. Rept. Del. Col. 
.\gr. Exp. Sta., 9, 1897, 87; Bacterium 
cuniculicida havaniensis Chester, idem; 
Migula, Syst. d. Bakt., 2, 1900, 736.) 
From a diseased gall-bladder (Naunyn) 
and from the intestines and liver of 
yellow-fever cadavers (Sternberg). 

Bacillus cupularis Migula. (No. 12, 
Lembke, Arch. f. Ilyg., 2G, 1896, 397; 
Migula, Syst. d. Bakt., 2, 1909, 677.) 
From feces. Motile. 

Bacillus furnigatus Migula. (No. 14, 
Lembke, Arch. f. Hyg., 29, 1897, 320; 
Migula, Syst. d. Bakt., 2, 1909, 679.) 
From feces. Motile. 

Bacillus gazogenes Heurlin. (Hcurlin, 
Bakt. Unters. d. Keimgehaltcs im Gcni- 
talkanale der fiebcrnden Wochnerinnen. 
Helsingfors, 1910,97.) From the vagina. 

Bacillus glacialis Migula. (Giftpro- 
duzierender Bacillus, Vaughan and Per¬ 
kins, Arch. f. Hyg., 27, 1896,303; Migula, 
Syst. d. Bakt., 2, 1900, 807.) From ice 
cream and cheese. Motile. 

Bacillus involulus Wiilsch. (Cent, f- 
Bakt., I .Vbt., Orig.. S8, 1905, 615.) 

From preputial secretion. 

Bacillus fasen' Migula. (Gasbildender 
acrober Bacillus, Laser, Cent., f. Bakt., 
1$, 1893, 217; Migula, Syst. d. Bakt.. 2, 
1900, '763.) From the lungs and liver 

of a calf. Motile. 

Bacillus membranifer Migula. 

Lembke, Arch. f. Hyg., 26, 1896 , ^2; 
Migula, Syst. d. Bakt., 2, 1909, * 

From feces. Motile. 

Bacillus pseudotuphosus Mipla- J' 
phus^nlicher Bacillus, Lustig, 

Bakt. d. Wassers, 1893,18; Migula, Syst- 
d. Bakt., 2, 1900, 730; not Bacillus pstu- 
dolyphosus Kruse, in Fliigge, Die i i J 
organismen, 3 Aufl., «, 1896, 3S3 ) M"' 
tile. From several samples of na 
from Thales de Aosta, luly. 

Bacillus pulmonum Migula. (Pr 
bei Lungengangran des Menschen, 

Babes, Progrfis medical 
1889; Migula, Syst. d. Bakt., 
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755.) From gangrenous lung exudate 
and the spleen. Motile. 

Bacillus radiatus Zimmermann. (Zim- 
mermann, Bakt. unserer Trink- u. Nutz- 
wSsser, Chemnitz, i, 1890, 58; not Ba¬ 
cillus radiatus Ltideritz, Ztschr. f. Hyg., 
5, 1889, 149; not Bacillus radiatus Ches¬ 
ter, Man. Determ. Bact., 1901, 241; 
Bacillus aqualilis radiatus Kruse, in 
FlQgge, Die Mikroorganismen, 3 Aufl., 
1896,315; quoted as B. radiatus aquatilis 
Zimmermann by Kruse, idem; Bacterium 
radiatus aquatilis Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 100; 
Bacterium aquatilis radiatus Chester, 
idem; Bacillus pseudoradiatus Migula, 
Syst. d. Bakt., B, 1900, 830; Bacterium 
aquatilis Chester, Man. Determ. Bact., 
1901,160; not Bacterium aquatile Migula, 
loc. cit., 469.) From water. Motile. 
In certain stages of development (pre¬ 
sumably old cultures) Zimmermann 
states that this organism is Gram- 
negative. 

Bacillus splendens Migula. {Bacillus 
putidus splendens Bernabei, Bull. d. 
Soc. Lancisiana d. Ospedali di Roma, 
IS; see abst. in Cent. f. Bakt., 17, 1895, 
469; Migula, Syst. d. Bakt., B, 1900,754.) 
From a case of fetid bronchitis. Motile. 

Bacterium acidiformans (Sternberg) 
Chester. {Bacillus acidiformans Stern¬ 
berg, Man. of Bact., 1893, 449; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 79.) From the liver of a yellow 
fever patient. Also reported from bees¬ 
wax (White, U. S. Dept. Agr. Bur. En- 
tomol., Bull. 14, 1906, 14). 

Bacterium cactivorum Pasmetti and 
Buzzati-Traverso. (Nuovo Gior. Bot. 
Ital., N.S. 4B, 1935, 117.) From a dis¬ 
eased cactus. 

Bacterium dendrobii Pavarino. (Rev. 
diPat.Veg., 5,1912,242.) From Dend- 
robium sp. 

Bacterium (?) musae (Gauraann) El¬ 
liott. {Pseudomonas musae Gaumann, 
Med. van het Inst, voor Plantz., No. 48, 
1921, 58; Elliott, Manual Bact. Plant 
Path., 1930, 170; Pkytomonas (?) musae 
Magrou, in Hauduroy et al., Diet. d. 


Bact. Path., 1937, 385.) From diseased 
bananas. 

Bacterium nicotinovorum Bucherer. 
(Cent. f. Bakt., 11 Abt., 105, 1942, 169.) 
From a mixture of soil, manure and mud. 

Bacterium pseudotyphosum Migula. 
(Typhusahnlicher Bacillus, Lustig, 
Diagnostik der Bakterien des Wassers, 
1893, 17; Migula, Syst. d. Bakt., B, 1900, 
428.) Non-motile. Isolated by Sartori 
from Rome tapwater. 

Bacterium teutlium Metcalf. (Met¬ 
calf, Cent. f. Bakt., II Abt., 13, 1904, 28; 
Aplanobacter teutlium E. F. Smith, In¬ 
tro. to Bact. Dis. of Plants, 1920, 474; 
Pkytomonas teutlia Bergey et al.. Man¬ 
ual, 3rd ed., 1930, 280.) From a soft rot 
of sugar beets. See Manual, 5th ed., 
1939,216 for a description of this species. 

Flavobacterium dehydrogenans Ar- 
naudi. {Micrococcus dehydrogenans Ar- 
naudi, Boll. Sez. ital. Soc. intern. Micro¬ 
biol., 18, 1939, 000; Ariiaudi, Cent. f. 
Bakt.. II Abt., 105, 1942-43, 352.) From 
a pressed yeast cake. 

Flavobacterium vitarumen Knutsen. 
(Knutsen, in Bcchdel, Honeywell, 
Dutcher and Knutsen, Jour. Biol. 
Chem., 80, 1928, 234.) From the rumen 
of a cow. 

Kurtkia bessoni Severi. ((Quoted from 
Giorn. Batteriol. e Immunol., 34, 1946, 
107.) 

Kurthia variabilis Severi. (Giorn. 
Batteriol. e Immunol., 34, 1946, 107.) 
From feces. 

22. Bacterium Idoneum McBeth. 
(McBeth, Soil Science, 1, 1916, 460; 
Cellulomonas idonea Bergey et al., Man¬ 
ual, Ist ed., 1923, 165.) From Latin 
idoneus, capable. 

Rods: 0.5 by 1.5 microns. Non-mo¬ 
tile. Gram-negative. 

Gelatin stab: Moderate, yellowish 
growth. Slight napiform liquefaction. 

Agar colonics: Circular, convex, soft, 
becoming brittle, grayish, granular, en¬ 
tire. 

Agar slant: Scant, yellowish-white 
growth, becoming distinctly yellow. 
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Gelatin stab: Muderate, yellowish 
growth. Slight napiform liquefaction. 

Agar colonies: Circular, convex, soft, 
becoming brittle, grayish, granular, en¬ 
tire. 

Agar slant: Scant, yellowish-white 
growth, becoming distinctly yellow. 

Ammonia cellulose agar: Enzymatic 
zone shows a diameter of 2 to 3 mm at 
the end of 30 days. 

Peptone cellulose agar: Enzymatic 
zone shows a diameter of 1.5 to 2.0 mm 
at the end of 30 days. 

Broth: Turbid. 

Filter paper broth: Paper reduced to 
thin, limp sheet which falls apart on 
slight agitation at end of 15 days. 
Litmus milk: Acid, not digested. 
Potato: Abundant, moist, glistening, 
grayish-white growth, becoming dis¬ 
tinctly yellow. 

Indole not formed. 

Nitrites produced from nitrates. 
Ammonia not produced. 

Acid from glucose, maltose, lactose, 

starch and glycerol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source; Soil from California. 

Habitat: Soil. 

23. Bacterium udum Kellerman et al. 
(Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Abt., 39, 1913, 514; 
Cellulonionas uda Bergey et al., Manual, 
1st ed., 1923, 166; Proteus cellulomonaa 
var. Proteus udus Pribram, Klassifika- 
tion der Schizomyceten, Leipzig und 
Wien, 1933, 72.) From Latin udus grow¬ 
ing in marshy ground. 

Rods: 0.5 by 1.5 microns. Non-mo¬ 
tile. Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant, faintly yel¬ 
lowish growth. 

Cellulose agar: Enzymatic zone 0.5 

mm wide. 

Broth: Turbid. 

Litmus milk: Acid. 

Potato; Good growth. 

Indole not formed. 

Nitrites produced from nitrates. 


.\mmonia is produced. 

.Vcid from glucose, fructose, arabinose, 
xylose, maltose, lactose, sucrose, dextrin 
and starch. 

.Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Compost from .Arlington, Va. 
Habitat: Soil. 


24. Bacterium lucrosum McBeth. 
(McBeth, Soil Science, /, 1916, 461; 
Cellulomonas lucrosa Bergey et al., 
Manual, 1st ed., 1923,167.) From Latin 
lucrosus, lucrative. 

Rods: 0.4 by 1.3 microns. Non-mo- 
tile. Gram-negative, 

Gelatin stab: No growth. 

Agar colonies: Circular, convex, semi¬ 
transparent, granular, entire. 

Agar slant: Moderate, flat, grayish- 
white growth, becoming somewhat iri¬ 
descent. 

Ammonia cellulose agar: On crowde 
plate, the colonies show an enzymatic 

zone of 1 mm or more. 

Peptone cellulose agar: Enzymatic 

zone 2 to 3 mm wide in 25 days. 

Broth: Turbid. 

Filter paper broth: Paper is reduce 
to a grayish-white pulpy mass whose 
fibers separate on slight agitation. 
Litmus milk: No change. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 

sucrose, starch and mannitol. 

Aerobic, facultative. 

Optimum temperature 20 C. 

Source: Soil from California. 

Habitat: Soil. 


5. Bacterium acidulum Kellerman et 
(Kellerman, McBeth, Scales » 
ith. Cent. f. Bakt., H .4bt., dH, ^3. 
; Cellulo,nonas acidula Bergey et ah, 
Lual, let ed., 1923, 167.) From Lat.n 

ius, acid. „,A*iIe. 

;ods; 0.3 by 1.0 micron. 

im-negative. 
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Gelatin stab: No liquefaction. 

Agar slant: Slight, grayish growth. 
Cellulose agar: Enzymatic zone 0.5 to 
1 mm in width. 

Broth: Clear. 

Litmus milk: Acid. 

Potato; No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Ammonia not produced. 

Acid from glucose, maltose, lactose 
and sucrose. None from glycerol or 
mannitol. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 20®C. 

Source: Soil from Utah. 

Habitat: Soil. 

26. Bacterium castlgatum McBeth. 
(McBeth, Soil Science. I. 1916 , 458; 
Cellulomonas castigata Bergey et al., 
Manual, Ist ed., 1923,168.) From Latin 
caatigalus, subdued. 

Rods: 0.4 by 1.2 microns. Non-mo- 
tile. Gram-negative. 

Gelatin stab: Moderate surface 
growth. No liquefaction. 

Agar colonies: Circular, slightly con¬ 
vex, brittle, grayish-white, granular, 
entire. 

Agar slant: Abundant, glistening, 
grayish-white growth. 

Ammonia cellulose agar: Enzymatic 
zone may attain a diameter of 2.5 mm in 
30 days. 

Peptone cellulose agar: Enzymatic 
zone may reach a diameter of 2 mm in 
30 days. 

Broth: Slightly turbid. 

Filter paper broth: Paper completely 
disintegrated and reduced to a pulp-like 
mass in 16 days. 


Litmus milk: Acid, not digested. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. 

Aerobic. 

Optimum temperature 20*C. 

Source: Soil from California. 

Habitat: Soil. 

27. Bacterium bibulum (McBeth and 
Scales) Holland. {Bacillus bibulusMc- 
Beth and Scales, Bur. of Plant Industry, 
U. S. Dept, of Agr., Bui. No. 266, 1913, 
35; Holland, Jour. Bact., 6, 1920, 217 
and 221; Cellulomonas hibula Bergey et 
al., Manual, 1st ed., 1923, 158.) From 
Latin bibulus, thirsty. 

Rods: 0.4 by 1.3 microns. Motile. 
Gram-negative. 

Gelatin stab: Crateriform liquefaction. 

Cellulose agar colonies: Circular, con¬ 
vex, smooth, soft, grayish to faintly 
yellowish-white, finely granular. En¬ 
zymatic zone 0.3 mm in some cases. 

Agar slant: Luxuriant, glistening, 
smooth, moist, raised growth. 

Broth: Slightly turbid. 

Litmus milk: Faintly acid. 

Potato; Smooth, glistening, canary 
yellow' growth. 

Indole is formed. 

Nitrites not produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

.\erobic, facultative. 

Optimum temperature 20®C. 

Source: From sewer slimes and culti¬ 
vated soils. 

Habitat: Soil. 


Appendix I: The genus CeUulomonas as originally proposed was based on a single 
physiological property and included such diverse types of bacteria as (1) polar 
flagellate species, now placed in Pseudomonas, (2) Gram-variable, non-motile rods 
now placed in Corynebaclerium, and (3) peritrichous, non-spore-forming. Gram-nega¬ 
tive rods. Unfortunately the name is unsuitable for the third of these groups so 
that it has not been inserted in the outline used in this edition of the Manual. De¬ 
scriptions of species previously placed in this genus are given below. 


616 


.\L\\UAL OF DETERMINATIVE BACTERIOLOGY 


Genus A. Celluloraonas Bergey el al. 

(Manual, 1st ed., 1923, 154.) 

Small rods, with rounded ends, non-spore-forming, motile with perltrichous fla¬ 
gella, occurring in soil and having the property of digesting cellulose. Growth on 
ordinary culture media often not vigorous. Gram-negative. 

The type species is Cellulomonas biazolea (Kellerman) Bergey et al. 

Key to ike species of genus Cellulomonas. 

I. Motile with peritrichous flagella. 

A. Gelatin liquefied. Chromogenic. 

1. Milk acid. 

a. Ammonia not produced; indole not formed. 

1. Cellulomonas biazolea. 

2. Milk acid; digested. 

a. Ammonia produced; indole not formed. 

2. Cellulomonas aurogenes. 
aa. Ammonia produced; indole formed. 

3. Cellulomonas galba. 

3. Milk alkaline. 

a. Ammonia produced; indole not formed. 

4. Cellulomonas folia. 

4. Litmus milk unchanged. 

a. Ammonia produced; indole not formed. 

5. Cellulomonas fiava. 

B. Gelatin liquefied. Non-chromogcnic. 

1. Milk acid. 

a. Ammonia not produced; indole not formed. 

6. Cellulomonas cellasea. 
aa. Ammonia produced; indole not formed. 

7. Cellulomonas iugis. 

aaa. Ammonia not produced; indole formed. 

8. Cellulomonas concitata. 

2. Milk acid; digested. 

a. Ammonia produced; indole not formed. 

9. Cellulomonas caesia. 

C. Gelatin not liquefied. Chromogenic. 

1. Milk acid. 

a. Ammonia produced; indole formed. 

10. Cellulomonas gilva. 

2. Milk alkaline. 

a. Ammonia not produced; indole not formed. 

11. Cellulomonas ferruginea, 

D. Gelatin not liquefied. Non-chromogenic. 

1. Milk acid; not digested. 

a. Ammonia not produced; indole not formed, 

12. Cellulomonas albida. 

13. Cellulomonas alma. 
aa. Ammonia not produced; indole formed. 

14. Cellulomonas desidiosa, 

aaa. Ammonia produced; indole not formed. 
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15. Cellulomonas pusUla. 

16. Cellulomonas gelida. 

II. Motility not recorded. 

A. Gelatin liquefied. Chromogenic. 

1. Milk acid. 

a. Ammonia not produced. Acid from glucose. 

17. Cellulomonas Jlavigena. 

aa. Ammonia produced. No acid from carbohydrates. 

18. Cellulomonas rossica. 


1. Cellulomonas blazotea (Kellerman 
et al.) Bergey et al. {Bacillus biazoteus 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Abt., 39, 1913 , 500; 
Bergey et al., Manual, 1st ed., 1923, 
158; Proteus cellulomonas var. Proteus 
biazoteus Pribram, Klassifikation der 
Schizomyceten, Leipzig und Wien, 1933, 
72.) 

This is the type species of the genus 
C ellulomonaa. 

Rods: 0.5 by 0.8 micron. Motile with 
one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Liquefaction. 

Agar’slant: Luxuriant yellow growth. 

Cellulose agar: Enzymatic zone 0.25 
mm or less in width. 

Peptone cellulose agar: No enzymatic 
zone. 

Broth: Turbid. 

Litmus milk: Acid. No curdling or 
digestion. 

Potato: Grows well. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, and glycerol. No acid from 
mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from Utah. 

Habitat: Soil. 

2. Cellulomonas aurogenes (Kellerman 
et al.) Bergey et al, (Bacillus aurogenes 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., 11 Abt.. 39, 1913, 505; 
Bergey et al., Manual, Ist ed., 1923, 


157.) From Latin and Greek, gold-pro¬ 
ducing. 

Rods: 0.4 by 1.4 microns. .Motile 
with one to three peritrichous Hagolla. 
Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant yellow growth. 

Cellulose agar: Enzymatic zone 0.5 to 
1.5 mm wide. 

Broth: Turbid. 

Litmus milk: Acid, digested. 

Potato: Luxuriant growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: From soil from Louisiana and 
Maine. 

Habitat: Soil. 

3. Cellulomonas galba (Kellerman et 
al.) Bergey et al. (Bacillus galbus 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Abt., 39, 1913, 509; 
Bergey et al.. Manual, let ed., 1923,157.) 
From Latin galbus, yellow. 

Rods: 0.4 by 1.0 micron. Motile with 
one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Luxuriant yellow growth. 

Cellulose agar: Enzymatic zone 0.5 mm 
in width. 

Broth: Turbid. 

Litmus milk: Acid, digested. 

Potato: No growth. 

Indole is formed. 
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Nitrites not produced from nitrates. 
Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

.\erobic, facultative. 

Optimum temperature 20°C. 

.Source: Soil from Louisiana. 

Habitat: Soil. 

4. Cellulomonas folia Sanborn. (Jour. 
Bact., 12, 1926, 1 and 343.) From Latin 
folium, leaf. 

Description from Sanborn (Jour. 
Bact., 18, 1929, 170) and also from his 
unpublished notes. 

Hods: 0.8 to 1.0 by 1.0 to 1.5 microns, 
occurring singly and in short chains. 
Motile with four to six peritrichous 
flagella. Gram-negative. 

Gelatin stab: Slow crateriform lique¬ 
faction, becoming stratiform. 

Agar slant: Growth moderate, dirty- 
white, echinulate, raised, glistening, 
opaque, butyrous. 

Broth: Turbid with yellowish sedi¬ 
ment. 

Litmus milk: Alkaline. 

Potato: Thick, moist, yellowish-browTi 
growth. 

Indole not formed. 

Nitrites produced from nitrates. 
Acid and gas slowly produced from 
glucose, sucrose, glycerol and mannitol 
after prolonged incubation. No acid or 
gas from lactose. 

Starch hydrolyzed. 

Ammonia produced. 

No as formed. 

Aerobic, facultative. 

Optimum temperature 25® to 30®C. 
Resembles Cellulomonas rossica. 
Source: From decomposing leaves. 
Habitat: Occurring in soil and active 
in decomposing leaves in composts, hav¬ 
ing the property of digesting cellulose. 

5. Cellulomonas flava Sack. (Cent. f. 
Bakt., II Abt., 62, 1924, 79.) From 

Latin fiavus, yellow. 

Rods: 0.2 by 1.5 microns. Motile. 

G ram -nega ti ve. 


Gelatin colonies: Circular, citron 
j'ellow. 

Gelatin stab: Very slow liquefaction. 
Agar colonies: Large, circular, citron 
yellow. 

Agar slant; .-Vbundant, citron yellow 
streak. 

Broth; Turbid with pellicle and sedi¬ 
ment. 

Litmus milk: Unchanged. 

Potato: Light brown streak. 

Indole not formed. 

Nitrites and ammonia produced from 

nitrates. 

Hydrogen sulfide produced. 

Cellulose hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Habitat: Soil. 


6. Cellulomonas cellasea (Kellerman 
et al.) Bergey et al. {Bacillus cellaseus 
Kellerman, McBcth, Scales and Smith, 
Cent. f. Bakt., II Abt., 39, 1913 , 508; 
Bergey et al.. Manual, 1st ed., 1923,15S-) 
Rods: 0.5 by 1.2 microns. .Motile 
with one to three peritrichous flagella- 
Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant: Limited grayish growth. 
Cellulose agar: Enzymatic zone 0.5 mm 

or less. 

Broth: Clear. 

Litmus milk: Acid. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20 C. 

Source: Soil from Utah. 

Habitat: Soil. 


Cellulomonas iugis (McBeth) Ber 
r et al. (.Bacillus iugis McBeth, 
ienee, I, 1916. 456; Bergey et 

mual, 1st ed., 1923,158.) FromLatm. 

ned together. ,r a-i^i^Jth 

Rods; 0.4 by 1.4 microns. Moti 
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one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Napiform liquefaction. 
Agar colonies: Circular, convex, soft, 
grayish-white, granular, entire. 

Agar slant: Scant, grayish-white, 
filiform growth. 

Ammonia cellulose agar: After 20 days, 
all colonies show an enzymatic zone of 
1 mm or more. 

Peptone cellulose agar: Enzymatic 
zone continues to increase up to 30 days 
at which time it may reach 5 mm in 
width. 

Broth: Turbid. 

Filter paper broth: After 15 days, the 
paper shows many ragged holes but dis¬ 
integrates readily. 

Litmus milk: Acid, not digested. 
Potato: Abundant, glistening, gray¬ 
ish-white growth. 

Indole not formed. 

Nitrites produced from nitrates. 
Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 
Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

8. Cellulomonas concitata (McBeth) 
Bergey et al. {Bacillus concilalus Mc¬ 
Beth, Soil Science, f, 1916 , 448; Bergey 
et al,, Manual, Ist ed., 1923,159.) From 
Latin concilalus, rapid. 

Uods; 0.5 by 1.2 microns. Motile 
with one to four peritrichous flagella. 

Gram-negative. 

Gelatin stab: Napiform liquefaction. 
Agar colonies: Irregularly circular, 
decidedly convex, soft, becoming viscid, 
grayish-white, sometimes slightly fluo¬ 
rescent, granular, entire. 

Agar slant: Abundant, flat, moist, 
faint yellowish-white growth. 

Ammonia cellulose agar: Surface col¬ 
onies show an enzymatic zone of 1.0 to 
1.5 mm. Deep colonies no zone but 
colony somewhat clearer than surround¬ 
ing medium. 


Peptone cellulose agar: Enzymatic 
zone, surface colonies, 2 to 2.5 mm; bot¬ 
tom colonies, 1 mm or less. 

Broth: Turbid. 

Filter paper broth: In 15 days, the 
paper is a disintegrated fibrous mass 
which retains its pure white color. 

Litmus milk: Acid, not digested. 

Potato: No growth. 

Indole is formed. 

Nitrites not produced from nitrates. 

Ammonia not produced. 

Acid from fructose, maltose, lactose, 
sucrose, starch and glycerol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

9. Cellulomonas caesia (Kellerman et 
al.) Bergey et al. (Bacillus caesius 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Abt., 39, 1913, 507; 
Cellulomonas caseia (sic) Bergey et al., 
Manual, 1st ed., 1923, 159; Cellulomonas 
casei (sic) Bergey et al., Manual, 4th ed., 
1934, 199.) From Latin caesius, bluish- 
gray. 

Rods: 0.4 by 1.5microns. Motile with 
one or two peritrichous flagella. Gram- 
negative. 

Gelatin stab: Liquefaction. 

Beef agar streak: Moderate, flat, thin 
growth, slightly bluish fluorescence. 

Cellulose agar: Enzymatic zone, 0.5 
to 1.0 mm in 15 days. 

Broth: Turbid. Slight sediment in 
5 days. 

Litmus milk: Acid, digested. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch, glycerol and mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from Louisiana, Wiscon¬ 
sin and New Hampshire. 

Habitat: Soil. 
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10. Cellulomonas gilva (McBeth) Ber- 
gey et al. {Bacillus gilvus McBeth, Soil 
Science, 1, 1916, 453; Bergey ct al., 
Manual. 1st ed., 1923, 160.) From Latin 
gilvus, pale yellow. 

Rods: 0.5 by 1.5 microns. Motile 
with one to five peritrichous flagella. 
Gram-negative. 

Gelatin stab: Moderate, yellowish- 
white surface growth. No liquefaction. 

Agar colonies: Circular, convex, bu- 
tyrous, canary-yellow, sometimes with 
brownish rings, granular, entire. 

Agar slant: Filiform, yellowish-white 
growth. 

Ammonia cellulose agar: Enzymic 
zone not more than 1 mm. Entire col¬ 
ony semitransparent. 

Peptone cellulose agar: Enzymatic 
zone, 3 to 4 mm in 25 days. 

Broth: Slightly turbid. 

Filter paper broth: In 15 days, the 
paper is reduced to a thin, white filmy 
mass which disintegrates readily. 
Litmus milk: Acid, not digested. 
Potato: Abundant, canary-yellow 
growth. 

Indole is formed. 

Nitrites produced from nitrates. 
Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20*C. 

Source: Soil from California. 

Habitat: Soil. 

11. Cellulomonas femiglnea (Kull- 
mann) Bergey et al. {Bacillus ferru- 
gineus Rullmann, Cent. f. Bakt., I Abt., 
Orig., U, 1898, 465; van Iterson, Cent, 
f. Bakt., II Abt., 11, 1904, 694; not 
Bacillus ferrugineus Rullmann, Cent. f. 
Bakt., I Abt., B4, 1898, 467; Bergey et 
al,, Manual, 1st ed., 1923, 150.) From 
Latin, rust-colored. 

Rods: 0.5 to 0.8 by 1.5 to 2.0 microns, 
occurring singly. Motile, possessing 
peritrichous flagella. Gram-negative. 


Gelatin colonies; Brown, the pigment 
diffusing into the medium. 

Gelatin stab: No liquefaction. 

Agar slant: Rusty-brown streak. 
Broth: Turbid. 

Litmus milk: Dark-yellow ring; alka¬ 
line. 

Potato: Rusty-brown streak. 

Indole not formed. 

Nitrites not produced from nitrates. 
Ammonia not produced. 

Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Water. 


12. Cellulomonas alblda (McBeth) Ber¬ 
gey et al, {Bacillus albidus McBeth, 
Soil Science, 7, 1916, 445; Bergey et ah, 
Manual, 1st ed., 1923,160.) From Latin 
albidus, white. 

Rods; 0.4 by 1.0 micron. Motile with 
one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: Scant growth. No lique¬ 
faction. 

Agar colonies: Circular, convex, so t, 
grayish-white, granular, entire. 

Agar slant: Scant, white streak. 

Ammonia cellulose agar: After 30 days 
the colonies show an enzymatic zone o 
1 to 2 mm. 

Broth: Clear. . 

Filter paper broth: In 15 days, 
paper is reduced to a thin, filmy, grayis 
white mass which readily breaks up. 

Litmus milk: Slightly acid, not 

gested. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitra 

Ammonia not produced. 

Acid from glucose, maltose, 
sucrose, starch, glycerol and manni 

Aerobic, facultative. ^ 

Optimum temperature 20 C. 

Source: Soil from California. 

Habitat: Soil. 


Cellulomonas alma 

al. (Bacillus almus McBeW. 

cience. /. 1916, 446; Bergey et 
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Manual, 1st ed., 1923,161.) From Latin 
almus, nourishing. 

Rods: 0.5 by 1.2 microns. Motile with 
one to five peritrichous flagella. Gram¬ 
negative. 

Gelatin stab: Scant growth. No lique¬ 
faction. 

Agar colonies: Circular, convex, soft, 
becoming brittle, grayish-white, granu¬ 
lar, entire. 

Ammonia cellulose agar: Enzymatic 
zone 3 to 4 mm in 25 days. 

Peptone cellulose agar: Enzymatic 
zone 2.5 to 3.5 mm in 30 days. 

Agar slant: Scant, grayish-white 
growth, becoming yellowish-white. 
Broth: Slightly turbid. ■ 

Filter paper broth: Paper reduced to 
a loose felt-like white mass in 15 days. 

Litmus milk: Slightly acid, not di¬ 
gested. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 
Ammonia not produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 

Source: Soil from California. 

Habitat: Soil. 

14. Cellulomonas desidiosa (McBeth) 
Breed. {Bacillus desiduosus (sic) Mc¬ 
Beth, Soil Science, 1, 1916, 450; Cellulo- 
monas deciduosa (sic) Bergcy et al.. 
Manual, lat ed., 1923, 102^ Breed, in 
Manual, 6th ed., 1939, 495.) From 
Latin desidiosus, inactive. 

Rods: 0.4 by 1.0 micron. Motile with 
one to three peritrichous flagella. 

Gram-negative. 

Gelatin stab: Moderate growth. No 
liquefaction. 

Agar colonies: Circular, slightly con¬ 
vex, soft, becoming somewhat viscid, 
grayish-white, granular, entire. 

Agar slant: Scant, flat, grayish-white 
growth. 


Ammonia cellulose agar: Enzymatic 
zone 3 to 3.5 mm in 25 da 5 's. 

Peptone cellulose agar: Enzymatic 
zone 1 to 2 mm around surface colonies. 
Bottom colonics frequently show no en¬ 
zymatic zone until after 20 days. 

Broth: Slightly turbid. 

Filter paper broth: Paper is divided 
into gray white mass which readily dis¬ 
integrates. 

Litmus milk: Acid, not digested. 

Potato: No growth. 

Indole is formed. 

Nitrites produced from nitrates. 

Ammonia not produced. 

Acid from glucose, lactose, maltose 
and starch. No acid from mannitol, 
sucrose or glycerol. 

Aerobic, facultative. 

Optimum temperature 20'’C. 

Source: Soil from California. 

Habitat: Soil. 

15. Cellulomonas pusilla (Kellerman 
ct al.) Bcrgey et al. {Bacillus pusilus 
(sic) Kellerman, McBeth, Scales and 
Smith, Cent, f. Bakt., II Abt., 39, 1913, 
513; Cellulomonas pusila (sic) Bergey 
et a!.. Manual, Ist ed., 1923,161.) From 
Latin pusilla, very small. 

Rods: 0.6 by 1.1 microns. Motile 
with one to three peritrichous flagella. 
Gram-negative. 

Gelatin stab: No liquefaction. 

Agar slant: Scant, grayish-white 
growth. 

Cellulose agar: Enzymatic zone 1 mm 
or less in width. 

Broth: Turbid. 

Litmus milk: Acid. 

Potato: No grow'th. 

Indole not formed. 

Nitrites produced from nitrates. 

Ammonia is produced. 

Acid from glucose, maltose, lactose, 
sucrose, starch and glycerol. No acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20®C. 
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Source: Soil from District of Coltimhia 
and South Carolina. 

Habitat: Soil. 

16. Cellulomonas gelida (Kellerman et 
al.) Borgoy et al. {Racillufi gelidus 
Kellerman, McBeth, Scales and Smith, 
Cent. f. Bakt., II Aht.. 39, 1913, 510; 
Bergey et al., Manual, 1st ed., 1923, 162.'! 
From Latin gelidus, stiff. 

Rods: 0.4 by 1.2 microns. Motile 
with one to three peritriehous flagella. 
Gram-negative. 

Gelatin stab: Xo liquefaction. 

Agar slant: Luxuriant, grayish-while 
growth. 

Cellulose agar: Knzyrnatic zone 1.5 
mm in width. 

Broth: Turbid. 

Litmus milk: .Veid, j)eptonized. 
Potato: Grows well. 

Indole not formed. 

Xitrites not produced from nitrates. 
.\mmonia is produced. 

.Void from glucose, maltose, lactose, 
sucrose, starch and glycerol. Xo acid 
from mannitol. 

Aerobic, facultative. 

Optimum temperature 20*C. 

Source: Soil from Connecticut. 
Habitat: Soil. 

17. Cellulomonas flavlgena (Kellerman 
and McBeth) Bergey et al. (Bacillus 
Jlavigena Kellerman and McBeth, Cent, 
f. Bakt., II Abt., 34, 1912, 488; Bergey 
et al., Manual, 1st ed., 1923,165.) From 
Latin, yellow-producing. 

Rods: 0.4 by 1.0 micron. Motility 
not recorded. Gram-negative. 

Gelatin stab: Liquefaction. 

Agar slant; Luxuriant, yellow growth. 
Cellulose agar: Enzymatic zone 0.75 
to 1.5 mm in width. 

Broth: Turbid. 

Litmus milk: Acid. 

Potato: Grows well. 

Indole not formed. 

Nitrites produced from nitrates. 
Ammonia not produced. 

Acid from glucose, fructose,arabinose. 


.xylose, maltose, lactose, sucrose, dextrin, 
.starch, iniilin, salicin, glycerol and man¬ 
nitol. 

.\erobic, facultative. 

Optimum temperature 20'’C. 

Source: From contaminated culture. 
Habitat: Soil. 


IS. Cellulomonas rossica (Kellerman 
and .McBeth) Bergey et al. (Bacillus 
rossicus Kellerman and McBeth, Cent, 
f. Bakt., II -Vbt., 34, 1912, 492; Bergey 
et al., Manual, 1st ed., 1923, 157; Proteus 
cellulomonas var. Proteus rossicus Prib¬ 
ram, Klassifikation der Schizomyceten, 

Leipzig und Wien, 1933, 72.) 

Rods: 0.3 by 1.2 microns. Motility 

not recorded. Gram-negative. 

Gelatin stab: Rapid liquefaction. 
Agar slant: Luxuriant, yellow growth. 
Cellulose agar: Enzymatic zone 0.5 to 

1.0 mm in width. 

Broth: Turbid. 

Litmus milk: .Alkaline. 

Potato: Grows well. 

Indole not formed. 

Xitrites produced from nitrates. 

.Ammonia produced. 

Xo acid from carbohydrate media. 

.Aerobic, facultative. 

Optimum temperature 20“C. 

Source; From contaminated cu tur 

Habitat: Soil. 


jpendlx II: The following 
•sting bacteria are not inc u 


‘.hromotiacter picrum Fuller and Nor 
. (Jour. Bact., 4^?. 276.) 

n soli* 

icillus aurogenes var. albus 

.McBeth, Scales and Smith. (_ ^ 

ikt., II Abt., 55, 1913 , 506_) F 
trom Xew York State. Di 
ulomonas aurogenes in that n 

hromogenesis. v'g>iier' 

icillus rossicus var. castane 

et al. (toe. oii.. 50S1 

nas var. Proieus castane 
siflkation der Schizomycetem 

und Wien, 1933, 72.) From ^ 
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from Maine, Connecticut and New York. 
Peritrichous. No liquefaction of gela¬ 
tin. Chestnut color on potato. 

Bacillus subalbus Kellerman et al. 
{loc. cit.y 512). From soils from Georgia, 
Kentucky and New York. 


Bacillus subalbus var. batalatis Kellcr- 
manetal. (loc. cil.,o\S). Fromsoilfrom 
South Carolina. Differs from the above 
species in that it liquefies gelatin and 
forms a very scant yellowisli growth on 
potato. 


Appendix III: The following genus has been proposed for Gram-negative rods that 
utilize bacterial polysaccharides as a sole source of carbon. 

4 

Genus A. Saccharobacterium Sickles and Shaw. 

(Jour. Bact., 28, 1934, 430.) 

Pleomorphic, non-motile, non-spore-forming rods. Gram-negative. Grow in 
mineral solutions containing bacterial polysaccharides as the sole source of carbon. 
Found in swamp and other uncultivated soils. Placed by the authors in the Family 
Mycobacleriaceae because of resemblances between these bacteria and those placed 
in Cytophaga, Ccllfalcicula and Cellvibrio. As the latter genera are no longer placed 
in this family, Saccharobacterium is placed temporarily in this appendix to the genus 
Bacterium near bacteria that decompose cellulose and agar. 

The type species is SaccharobacterUnn ovale Sickles and Shaw. 


1. Saccharobacterium ovale Sickles and 
Shaw. (Jour. Bact., 28, 1934, 422.) 
From Latin ovum, egg, ellipse. 

Extremely pleomorphic. Young cells 
ellipsoidal, 1.5 by 2.0 microns, usually in 
pairs, contain granules which stain 
deeply with basic dyes. Older cultures 
contain cells which may be from 12 to 15 
microns long. Non-motile. Gram¬ 
negative. 

No growth on ordinary media such as 
heef-extract agar, blood agar, beef-ex¬ 
tract agar slants, nutrient gelatin, po¬ 
tato slants, litmus milk, beef-infusion 
broth and beef-extract peptone broth. 

Medium A plus pneumococcus II car¬ 
bohydrate and 0.8 per cent agar: Very 
small, round, pink colonies, pinpoint in 
size after about 6 days. After 2 weeks 
1 mm in diameter. Coherent. 

Litmus milk: No growth. 

Beef-extract peptone with 1 per cent 
sucrose: Moderate turbidity. Yellowish 

sediment. 

Starch: Hydrolyzed in Medium A con¬ 
taining pneumococcus H carbohydrate. 

Growth in lactose and sucrose broths. 


Growth in maltose, xylose and dextrin 
broths in some strains. No acid from 
inuliii, mannitol, salicin and glucose 
broths. 

.4erobic. 

Minimum temperature 20®C. Opti¬ 
mum 34® to 35°C. Maximum 37®C. 
Thermal death point 54®C for lOminutes. 

Minimum pH 6.4. Optimum pH 7.0 
to 7.4. Maximum pH 7.8. 

Distinctive characters: The addition 
of 0.5 per cent sodium chloride to any 
favorable medium completely prevents 
growth of the organism (Medium A is 
that used by Dubos and Avery in 1931, 
(NHO 1 SO 4,1 g, K 1 HPO 4 ,2.0 g, tap water 
1000ml). Decomposes the carbohydrate 
of pneumococcus type II. 

Source: Swamps and other unculti¬ 
vated soils. 

Habitat: Soil. 

2. Saccharobacterium acuminatum 
Sickles and Shaw. (Jour. Bact., 28, 
1934 , 425.) From Latin acuminare, to 
sharpen. 

Extremely pleomorphic. Young or¬ 
ganisms are pointed, often curved rods, 
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0.5 by 2 microns, having a densely stain¬ 
ing granule. The tapering pointed ends 
remain unstained. Older cells have 
rounded ends, are spherical, pear- 
shaped or a long ellipsoid, stain weakly. 
Kon-motile. Gram-negative. 

No growth on ordinary media. See 
preceding species. 

Medium S with pneumococcus I car¬ 
bohydrate and 0.8 per cent agar: Very 
tiny, pale yellow colonies. Less than 
0.5 mm in diameter. 

Starch not hydrolyzed. 

Growth in sucrose broth. No growth 
in glucose, lactose, maltose, dextrin, 
inulin, mannitol and salicin broths. 

Aerobic. 

Minimum temperature 20°C. Opti¬ 
mum 28® to 32®C. Maximum 3-l°C. 
Thermal death point48®C for lOminutes. 

Minimum pH 6.0. Optimum pH 6.6 
to 7.2. Maximum pH 7.8. 

Distinctive characters: Decomposes 
the carbohydrate of pneumococcus 
Type I. The addition to any favorable 
medium of 0.7 per cent sodium chloride, 
of 0.3 per cent beef extract or of 0.5 per 
cent peptone completely inhibits growth. 

The composition of Medium S is as 
follows: MgSO-7HjO. 0.2 g. NH^HjPO,, 
1.5 g, CaCls, 0.1 g. FeCU, tr, KCI, 0.1 g. 
10 cc N/1 NaOH. Distilled water 1,000 
ml, pH 7.2 to 7.4. To this was added 
the specific pneumococcus carbohydrate 
as a source of carbon in concentrations 
varying from 0.002 to 0.01 per cent. 

Source: From swamps and other un¬ 
cultivated soils. 

Habitat: Soil. 

28. Bacterium nenckll Biernacki. 
(Biernacki, Cent. f. Bakt., II Abt., 29, 
1911, 166; Achromobacter nenckii Bergey 
et al., Manual, 3rd ed., 1930, 227.) 
Named for Nencki, a chemist at the 
Medical Institute in Warsaw. 

Rods: 0.8 by 1.25 to 2.0 microns, with 
rounded ends, occurring singly and 
in pairs. Capsulated. Non-motile. 
Gram-negative. 


Gelatin colonies: Circular, convex, 
yellowish-white, granular. 

Glucose and sucrose gelatin: Colonies 
larger and slimy. 

Gelatin stab: No liquefaction. 

Agar colonics: Circular, grayish-white, 
glistcniTig, concentric, finely granular. 

Agar slant: The medium is liquefied. 

Glucose and sucrose agar: Heavy slimy 
growth with gas. Faint fruity odor. 

Broth: Slightly turbid with gray sedi¬ 
ment and slight odor. 

Litmus milk: .Vcid and gas formation. 

Potato: Slight growth. 

Glycerol potato: Heavy growth with 
the appearance and consistency of cream. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, maltose, sucrose, raffinosc an 
mannitol. 

Fruity odor in cultures. 

Facultative anaerobe. 

Optimum temperature 37®C. 

Source: From Spanish dried grapes. 

Habitat: Unknown. 


29. Bacterium polysiphoniae Lunde- 
stad. (Lundestad, Cent. f. Bakt., 
Abt., 75, 1928, 331; Flavobacterium poly^ 
sipkoniae Bergey et al., Manual, r 
ed., 1930, 152.) From Greek, many 


tubes. 

Rods: 0.5 to 0.6 by 2.0 to 4.0 micron , 
with rounded ends, occurring sing 
Non-motilc. Gram-negative. 

Fish-gelatin colonies: Circuli^r. 

slightly glistening, bright yellow, tran 

parent, with denser center. 

Fish-gelatin stab: Slight yellowisn 
growth on surface. Slow saccate iq 


'd agar colonies: Circular, 
centric rings, diffuse margin. 

» I* 


with undulate margin. . . 

Broth: Turbid with flocculcnt pd 
and yellowish sediment. 

Indole not formed. 
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Nitrites not produced from uitrntcs. 

No action on carbohj'drates. 

Slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 30®C. 

Source: Sea water of Norwegian Coast. 

Habitat: Sea water. 

30. Bacterium droebachense Lundc- 
stad. (Lundestad, Cent. f. Bakt., II 
Abt., 1928, 329; Flavobacteritnn droe- 
hachense Bergcy et al., Manual, 3rd ed., 
1930, 153; Pseudomonas droebachense 
Stanier, Jour. Bact., 42, 1941, 544.) 
Latinized, from Drobak, where this or¬ 
ganism was isolated. 

Rods: 0.5 to 0.6 by 2.0 to 2.6 microns, 
with rounded ends, occurring singly. 
Non-motile. Gram-negative. 

Fish-gelatin colonies: Small, circular, 
compact, opaque, glistening, orange- 
yellow. 

Fish-gelatin stab: Liquefaction in- 
fundibuliform becoming stratiform. 

Sea-weed agar colonics: Small, circu¬ 
lar, flat, opaque, glistening, orange- 
yellow. Agar is disintegrated. 

Fish-agar slant: Flat, opaque, glisten¬ 
ing, slimy, orange-yellow, entire growth. 

Broth: Slight flocculent turbidity, 
yellow. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch hydrolyzed. 

Slow growth on surface of glucose agar 
stab. No gas. 

Aerobic, facultative. 

Optimum temperature about 37®C. 
Minimum temperature 5® to 10®C. 
Maximum 40®C. 

Stanier (loc. cit.) identified cultures 
isolated from sea water on the Pacific 
Coast as belonging to this species. 
Some liquefied gelatin while others did 
not. Nitrates were reduced. A yellow 
membraneous pellicle was formed on 
broth, and the temperature range is 
given as 6® to 35®C. Oi)timum 25®C. 
He renamed the organism Pseudomonas 


droebachensis, but reported it non- 
motile. 

Source: From sea water at Drobak on 
the Norwegian Coast. 

Habitat: Sea water. 

31. Bacterium delesseriae Lundestad. 
(Lundestad, Cent. f. Bakt., II Abt., 
75, 1928, 332; Flavobacterium delesseriae 
Bergey et al., Manual, 3rd ed., 1930, 
153.) 

Rods; 0.5 to 0.6 by 1.6 to 2.6 microns, 
with rounded ends, occurring singly. 
Non-motile. Gram-negative. 

Fish-gelatin colonies: Circular, trans¬ 
parent, glistening, concentrically ringed, 
yellow. 

Fish-gelatin stab: Crateriform lique¬ 
faction, with yellow sediment. 

Sea-weed agar colonies: Circular, flat, 
concentrically ringed, light yellow. 
Agar is disintegrated. 

Fish-agar slant: No growth. 

Broth: Turbid with flocculent pellicle 
and sediment, light yellow. 

Indole not reported. 

Nitrites not reported. 

No action on carbohydrates. 

Slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 23®C. 

Source: Sea water of Norwegian Coast. 

Habitat: Sea water. 

32. Bacterium boreale Lundestad. 
(Lundestad, Cent. f. Bakt., II Abt., 75, 
1928, 333; Flavobacterium boreale Bergey 
et al., Manual, 3rd ed., 1930, 154.) 
From Latin borealis, northern. 

Rods: 0.5 to 0.6 by 1.6 to 2.6 microns, 
with rounded ends, occurring singly. 
Non-motile. Gram-negative. 

Fish-gelatiii colonies; Circular, 
opaque, glistening, concentrically 
ringed, yellow. 

Fish-gelatin stab: Yellow*, wdth crateri¬ 
form liquefaction. 

Sea-w'ater agar colonies: Circular, flat, 
opaque, glistening, diffuse margin, light 
yellow. Agar is disintegrated. 
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Fisb-agar slant: Yellow, flat, glisten* 
ing. opaque, entire growth. 

Broth: Finely flocculont, yellow sedi¬ 
ment. 

Indole not reported. 

Nitrites not reported. 

Xo action on carboliydrates. 

Sliglit hvdrolvsis of starch. 

Aerobic, facultative. 

Optimum temperature 23*C. 

Source: Sea water of Norwegian Coast. 
Habitat: Sea water. 

33. Bacterium ceramicola Lundestad. 
(Lundestiul, Cent. f. liakt., II Abt., 7o, 
1928, 332; FlavobucUriurn ceramicola 
Bergey et al., Manual, 3rd ed., 1933,154.) 
From Greek, living in earthenware. 

Rods: 0.5 to 0.6 by 1.4 to 2.4 microns, 
with rounded ends, occurring singly and 
lying side-by-side. Xon-motile. Gram- 
negative. 

Fish-gelatin colonies: Circular, glis¬ 
tening, transparent, yellow. 

Fish-gelatin stab: Slight, yellow sur¬ 
face growth. Liquefaction crateriform. 

Sea-water agar colonics: Circular, flat, 
transparent, glistening, diffuse margin, 
light yellow. .Agar is disintegrated. 

Fish-agar slant: Moderate, yellow, 
flat, entire, glistening, opaque growth. 

Broth: Light yellow pellicle and sedi¬ 
ment. 

Indole not reported. 

Nitrites not reported. 

No action on carbohydrates. 

Slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 23®C. 

Source; Sea water of Norwegian 
Coast. 

Habitat: Sea water. 

34. Bacterium rhodomelae Lundestad. 
(Lundestad, Cent. f. Bakt., II Abt., 75, 
1928, 331; Flavobaclerium rhodomelae 
Bergey et al., Manual, 3rd cd., 1930, 

146.) 

Rods: 0.5 to 0.8 by 1.2 to 2.0 microns, 
with rounded ends, occurring singly, in 


pairs, and at times in short chains. Mo¬ 
tile. Gram-negative. 

Fish-gelatin colonies: Circular, 

slightly glistening, opaque, white. 

Fish-gelatin stab: Rapid infundibuli- 
form liquefaction. 

Sea-weed agar colonies; Circular, flat, 
thin, transparent, glistening, entire. 
Agar is dissolved. 

Glucose agar slant: Moderate growth, 
white, becoming orange-yellow, flat, un¬ 
dulate margin, opaque, glistening. 

Broth:Turbid, with pellicle and gray¬ 
ish-yellow, slimy sediment. 

Indole not formed. 

Nitrites not produced from nitrates. 

No action on carbohydrates. 

Very slight hydrolysis of starch. 

Aerobic, facultative. 

Optimum temperature 20“ to 25 

Source: Sea water of Norwegian Coast. 

Habitat: Sea water. 


J5. Bacterium alginovorum Waksinam 
,rcy and Allen. (Jour. Bact., 

54, 215.) From M. L-. 

,tin voro, devour. 

Rods: 0.75 to 1.2 by 1.5 to 2.0 micro ■ 
th rounded to almost elliptical en . 
pecinlly when single, occurring r 
ently in pairs and even in c a' • 

tively motile. Capsule-fornung. 

•am-negative. 

Algimc acid plate: Colony large,«hit 

appearance with coarse granu ar 
r, entire margin. Clears up tur i 
used by the alginic acid on p ^ 

y odor* ^ xja'ivv 

Alginic acid liquid . ,..=00 

Hide formation. Active pro 

an enzyme, alginase, w ic 
,out the disappearance of algmi P 
^itate in sea water medium. 

Salt water medium: A shmy P® j 
highly tenacious -ture is produce^, 
e whole medium later turning 

Arrive and rapid 

Sea water gelatin: 
luefaction in two to six days. 
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highly turbid throughout the liquefied 
zone. 

Agar liquefaction: Extensive softening 
of agar, no free liquid. 

Sea water glucose broth: Abundant 
uniform turbidity, with surface pellicle; 
some strains give heavier turbidity and 
others heavier pellicle. 

Litmus milk containing 3.5 per cent 
salt: No apparent growth. 

Potato moistened with sea water: 
Moist, spreading growth, ivory-colored; 
heavy sediment in free liquid at the 
bottom. 

Starch plate: Abundant, cream-colored, 
slimy growth; extensive diastase produc¬ 
tion. 

Aerobic, microaerophilic. 

Optimum temperature 20“C. 

Source: From sea water, sea bottom 
sediments and from the surface of algal 
growth in the sea. 

Habitat: Very common in the sea. 

36. Bacterium fucicola Waksman, 
Carey and Allen. (Jour. Bact., 88, 1934, 

213.) From Latin fucus, seaweed and 
cola, dweller. 

Short rods: 0.6 to 1.0 by 1.0 to 1.5 


microns, with ends rounded to almost 
coccoid; slightly curved. Actively mo¬ 
tile, with twirling motion. Gram-nega¬ 
tive. 

Alginic acid plate: Colonics finely 
granular, entire; at first wliitish, turning 
brown in three to five days, and later 
almost black, producing a deep brown 
soluble pigment. 

.\lginic acid liquid medium: Limited 
growth on surface in the form of a pelli¬ 
cle. Frequently produces no growth 
at all. 

Sea water gelatin: Active liquefaction; 
no growth in stab; thin, fluorescent 
growth throughout liquefied zone. 

Agar liquefaction: Positive, although 
limited; only softening of agar. 

Sea water glucose broth: Faint tur¬ 
bidity; no pellicle, no sediment. 

Litmus milk containing salt: No ap¬ 
parent growth. 

Potato moistened with sea water: No 
growth. 

Starch plate: No growth. 

Aerobic. 

Optimum temperature 20®C. 

Source: From sea water near the sur¬ 
face of the sand bottom. 

Habitat: Rare in sea water. 


■ agar-digesting bacteria placed in genera other than Bac- 

terium. 

« 

I. Achromobacter. 

A. Motile with peritrichous flagella. 

1. Nitrites produced from nitrates. 

1. Achromobacter pastinaiar. 

U. Agarbaclerium. 

A. Non-motile. 

1. Nitrites produced from nitrates. 

2. Agarbaclerium bufo. 

B- Motile, but position of flagella not recorded. 

1. Nitrites produced from nitrates. 

3. Agarbaclerium reducans. 

4. Agarbaclerium viacosum. 

2. Nitrites not produced from nitrates. 

6. Agarbaclerium mesenlericua. 

6. Agarbaclerium aurantiacum. 

7. Agarbaclerium cyanoides. 

3. Seven additional species that are numbered but not named. 
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III. Flavobaclciium. 

A. Xon-motile. 

1. Nitrites protlueed from nitrates. 

8. Flavohacterium iiliginosum. 

H. Pcritrichous flagella. 

1. Nitrites produced from nitrates. 

0. Flavobaclcrium nmoconlacturn. 


1. Achromobacter pastinator Goreslinc. 
(Jour. Baet., 26, 11)33, 442.) From Latin 
paslinaiur, one who digs a trench. 

Short rods: 0.4 by 1.5 microns, occur¬ 
ring singly and in pairs. Motile with 
two to five pcritrichous flagella. Gram- 
negative. 

Plain gelatin stab: No growth. 

Nutrient gelatin stab: Surface growth 
very scanty. No liquefaction. 

Nutrient agar colonies: At first tiny, 
almost colorless, becoming yellowish 
and ring-like. .\gar liquefied rapidly. 

Nutrient agar slant: Growth good, flat, 
not thick. .Vgar liquefied along streak 
often to the depth of a quarter of an 
inch. Pocket formed at bottom of slant 
filled with a rather viscous, yellowish 
fluid. 

Nutrient broth: Slight turbidity after 
5 days. Subsurface but no surface 
growth. No sediment. 

Litmus milk: Slightly acid after 20 
days. No curd. Only a trace of reduc¬ 
tion at bottom of tube. 

Potato: No growth. 

Indole not formed. 

Nitrites produced from nitrates. 

No HoS produced. 

Acid from arabinosc, glucose, galac¬ 
tose, lactose, fructose, maltose, mannose, 
melezitosc, pectin, raffinose, rhamnose, 
salicin, sucrose, starch and dextrin. 
No growth in dulcitol, erythritol, manni¬ 
tol, sorbitol, glycerol, xylose and inulin. 

Starch is hydrolyzed. 

Limits of growth: pH 5.9 to 9.0. 

Temperature relations: Optimum 
28®C. Good growth at 2 d‘’C. Moderate 
growth at 20° and 37°C. No growth at 
10° and 42°C. 

Facultative anaerobe. 

Distinctive characters: Digests agar 


rapidly; colonies sink through to the 
glass of the Petri dish. Fehling’s solu¬ 
tion reduced by the licjucfiedagar. Con¬ 
siderable change in viscosity of agar due 
to the digestion. 

Source: From a trickling filter receiv¬ 
ing creamery wastes. 

Habitat: Probably widely distributed 

in nature. 


2. Agarbacterium bufo Angst. (Puget 
Sound Biol. Sta. Pub., 7, 1929,49.) 

Short rods with rounded ends, 0.6 b) 
0.8 micron, occurring singly and in pairs. 
Non-motile. No capsules. Oram-nega¬ 
tive. 

Fish gelatin stab; Stratiform liquefac¬ 
tion, growth best at top. 

Fish gelatin colonies: Circular, craten 

form, granular. 

Fish agar slant: .Vbundant, fi > ur 
raised, glistening, opaque, yellow, mem 

branous growth. 

Fish agar colonies: Circular, eonc 

trically ringed, sunken, entire, granu 

yellow to orange. , 

Digests agar; celluloae not attac 

Potato; No growth. . 

Plain milk unclumged, surface gru\ 


low. . 

Does not produce H-S or int o e. 

sitrites produced from ''‘grates. 
icid from mannitol. No acid 
lose, rhamnose, arabinose, g ^ 
:rose or lactose. 

Jtarch not hydrolyzed. 

Urobic. ^ rtflor. 

Dptimum temperature -o 
iximum under 36°C. 

Source : Isolated from Odon'Aa'"’ 

lafica. 

iabitat: On marine algae. 
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3, Agarbacterium reducans Angst. 
(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.6 by 
0.8 micron, occurring singly and in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonies: Circular, sunken, 
entire, crateriform, granular. 

Fish gelatin stab: Crateriform lique¬ 
faction, growth only near surface. 

Fish agar slant: Abundant, filiform, 
flat, glistening, smooth, opaque, white, 
butyrous growth. 

Fish agar colonies: Moderate, circular, 
smooth, flat, entire, granular, white to 
buff or colorless. 

Digests agar; cellulose not attacked. 

Fish broth: Turbid, no sediment, no 
surface growth. 

Potato: No growth. 

Nitrites produced from nitrates. 

No HzS or indole formed. 

Plain milk unchanged. 

Acid from sucrose, arabinosc, rham- 
nose and mannitol. No acid from xylose 
or lactose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25® to 28®C; 
thermosensitive. 

Source: Isolated from Nercocyslia 
luetkeana. 

Habitat: On marine algae. 

4. Agarbacterium vlscosum Angst. 

(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.6 to 
0.8 micron, occurring singly or in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonics: Circular, sunken, 
entire, crateriform, granular. 

Fish gelatin stab: Stratiform liquefac¬ 
tion, growth best at surface. 

Fish agar slant: Abundant, raised, 
glistening, smooth, opaque, gray, vesicu¬ 
lar, viscid growth. 

Fish agar colonies: Circular, con¬ 
toured, raised, lobate, granular, fluores¬ 
cent green. 

Digests agar; cellulose not attacked. 


Fish broth: Flocculent pellicle, turbid, 
no sediment, fluorescent green. 

Potato: Abundant, filiform, glistening, 
smooth, yellowish-brown, butyrous 
growth. 

Nitrites produced from nitrates. 

No H 2 S or indole formed. 

Plain milk unchanged; surface growth 
greenish. 

No acid from rhamnose, sucrose, lac¬ 
tose, mannitol, xylose or arabinosc. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 20® to 28®C; 
thermosensitive. 

Source: Isolated from Iridaea cordala. 

Habitat: On marine algae. 

5. Agarbacterium mesenterlcus Angst. 
(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.6 by 
0.8 micron, occurring singly or in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin stab: Infundibuliform 
liquefaction; growth best at top. 

Gelatin colonies: Circular, sunken, 
irregular, crateriform, granular. 

Fish agar slant: Abundant, filiform, 
raised, glistening, finely wrinkled when 
old or dry, opaque, buff, membranous 
growth. 

Fish agar colonies: Circular, concen¬ 
trically ringed, flat, entire, granular, 
white to buff. 

Digests agar; cellulose not attacked. 

Fish broth: Membranous pellicle, 
moderate clouding, no sediment. 

Potato: Spreading, raised, glistening, 
wrinkled, buff to yellowish, membranous 
growth. 

Does not produce HjS or indole. 

Nitrites not produced from nitrates. 

Plain milk unchanged. 

Acid from mannitol. No acid from 
xylose, rhamnose, arabinosc, glucose or 
lactose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 20® to 28®C; 
thermosensitive. 
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Source: Marine algae; isolated from 
Ncrcccystis luelkeana. 

Habitat: On marine algae. 

6. Agarbacterium aurantiacuin Angst. 
(Puget Sound Uiol. Sta. Pub., 7, 1920, 
49.) 

Short rods with rounded ends, 0.6 to 
O.S micron, occurring singly or in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonics: Circular, sunken, 
cratcriform, entire. 

Fish gelatin stab: Stratiform liquefac¬ 
tion, no growth along lino of stab. 

Fish agar slant: Abundant, filiform, 
flat, glistening, smooth, opaque, orange, 
butyrous growth. 

Fish agar colonics: Circular, smooth, 
flat, croso, sunken, granular. 

Digests agar; cellulose not attacked. 

Fish broth: Membranous pellicle,tur¬ 
bid. no sediment. 

Plain milk unchanged; surface growth 
orange. 

Potato: Abundant, filiform, flat, dull, 
smooth, orange, butyrous growth. 

Nitrites not produced from nitrates. 

No HjS or indole formed. 

Acid from lactose and mannitol. No 
acid from xylose, rhamnose, arabinose, 
glucose or sucrose. 

Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 20® to 28®C; 
thermosensitive. 

Source: Isolated from Porphyra per- 
Jorata. 

Habitat: On marine algae. 

7. Agarbacterium cyanoldes Angst. 
(Puget Sound Biol. Sta. Pub., 7, 1929, 
49.) 

Short rods with rounded ends, 0.8 by 
1.4 microns, occurring singly or in pairs. 
Motile. No capsules. Gram-negative. 

Fish gelatin colonies: Circular, sunken, 
entire, crateriform, granular. 

Fish gelatin stab: Stratiform liquefac¬ 
tion, growth only at top. 

Fish agar slant: Abundant, filiform, 
raised, glistening, smooth, opaque, gray, 
butyrous growth. 


Fish agar colonies: Circular, smooth, 
flat, lobed, granular, greenish to yel¬ 
lowish. 

Digests agar; cellulose not attacked. 

Fish broth: Flocculent pellicle, turbid, 
no sediment, fluorescent green. 

Potato: Abundant, filiform, raised, 
glistening, smooth, buff, butyrous 
growth. 

Nitrites not produced from nitrates. 

No H-.S or indole formed. 

Plain milk acidified, greenish surface 
growth. 

Acid from sucrose. No acid from xy- 
lose, arabinose, glucose, lactose, manni¬ 
tol or rhamnose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 20® to 28®C; 
thermosensitive. 

Source: Isolated from Iridaea cordata. 

Habitat: On marine algae. 


Note: Seven additional species are 
described with as much detail by Angst 
{loc. cit.) as are the six above species, 
but he refers to them only as Agarbac¬ 
terium Nos. 5, C, 7, 8, 9, 13, 14, and 15. 
All digest agar. 


8. Flavobacterium uHginosum ZoBe 
and Upham. (Bull. Scripps ° 

Oceanography, Univ. Calif., 5, 10^' 
263.) From Latin uligo, ooze or moist 


md. 

Rods: 0.4 to 0.6 by 1.2 to 3.9 microns, 
)me slightly curved, occurring most y 
ngly with some short chains. 

lotile. Gram-negative. 

All differential media except the fres - 
ater broth, litmus milk, and pota 
ere prepared with sea water. 

Gelatin colonies: 1 mm, orange, 

inken. 

Gelatin stab: Infundibuliform hq ' 
iction. Yellow pigment. Gelatin i 

>lored brown. . 

Agar colonies: Sunken, uneven, irre 
T, gummy colonies which liquefy ag® * 
reduces orange to yellow pigment 

iscolors agar brown. . , 

Agar slant: Luxuriant, yellowish 
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orange, glistening, filiform, adherent 
growth which slowly liquefies agar. 

Sea-water broth: Dense yellow' pellicle, 
moderate turbidity, slightly viscid sedi¬ 
ment. 

Fresh-w’ater broth: No visible growth. 
Litmus milk: Completely decolorized, 
neutral. 

Potato: No visible grow’th. 

Indole not formed. 

Nitrates rapidly reduced to nitrites. 
Produces acid but no gas from xylose, 
glucose, maltose, lactose, sucrose and 
salicin. Docs not ferment glycerol or 
mannitol. 

Starch not hydrolyzed. 

Hydrogen sulfide not formed. 

Ammonia produced from peptone but 
not from urea. 

Casein digested. 

Fats not hydrolyzed. 

Agar liquefied rapidly. However, 
after prolonged laboratory cultivation 
this organism gradually loses its ability 
to digest agar. 

Aerobic, obligate. 

Optimum temperature 20® to 25®C. 
Source: Marine bottom deposits. 

9. Flavobacterium amocontactum Zo- 
Bell and Allen. (Jour. Bact., 1935, 
246.) From Latin amo, to love and con- 
taclus, touching, contacting. 

Slender rods: 0.4 to 0.7 by 1.6 to 2.3 
microns, with rounded ends, occurring 
singly and in irregular clumps. Stain 
very lightly. Possess well-defined cap¬ 
sules. Actively motile by means of peri- 
trichous flagella. Gram-negative. 

Gelatin stab: Good filiform growth 
with rapid saccate liquefaction. 

Agar colonies: Circular, 2.0 to 4.0 nun 
in diameter, yellow. 

Agar slant: Abundant, filiform, 
smooth, glistening, abundant, bright 
yellow growth having a butyrous con¬ 
sistency. Originally liquefied agar, but 
this property was lost following artificial 
cultivation. 

Sea water broth: Good growth with 
ring at surface. Strong turbidity and 
abundant viscid sediment. No odor. 


Milk: No growth. 

Potato: No growth. 

Potato dialyzed in sea water: Slight 
yellow’ growth. 

Indole not formed. 

Nitrites produced from nitrates. 
.Ammonia liberated from peptone. 
Hydrogen sulfide produced. 

No acid from glucose, lactose, sucrose, 
xylose or mannitol. 

Starch not attacked. 

Optimum reaction pH 8.0. 

Optimum temperature 18® to 21®C. 
Facultative aerobe. 

Distinctive character: Adheres firmly 
to submerged glass slides; cannot be 
removed with running water. 

Source: Many cultures isolated from 
glass slides submerged in sea w’atcr. 
Habitat: Sea water. 

Appendix II: Another species de¬ 
scribed recently is: 

Bacillus cxedens Wieringa. (Wier- 
inga, Jour. Microbiol, and Serol., 7, 
1941, 121; Bacillus agar-exedens Wier¬ 
inga, idetn.) From stable manure, leaf- 
mold and soil. Liquefies agar. 

37. Bacterium chitlnophilum Hock. 
(Jour. Marine Res., 4, 1941, 103.) From 
M. L., chitin and Greek philos, loving. 

Short rods: 0.35 to 0.65 by 0.95 to 1.5 
microns. Motile. Gram-negative. 

Sea water gelatin: Liquefaction; 
growth absent in stab but abundant in 
liquefied zone. 

Sea w'atcr agar plate: Colonics circu¬ 
lar, smooth, entire, raised, w'hite. 

Sea water liquid medium: Moderate 
growth, sometimes with formation of 
ring or pellicle. Scant granular sedi¬ 
ment. 

Decomposes natural chitinous material 
such as horseshoe crab shells and also 
purified chitin. 

Four out of five strains produce ni¬ 
trites from nitrates. 

Acid from glucose and usually from 
sucrose, glycerol and mannitol. One of 
five cultures produced acid from lactose, 
Docs not digest cellulose. 
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Does not hydrolyze starch. 

Does not produce hydrogen sulfide. 

Aerobic. 

Optimum temperature 20®C. 

Source: From the shell of a decom¬ 
posing horseshoe crab, Limulus poly- 
phennis,Tind from the intestinal tracts of 
Venus mercenaria, Ovalipes ocellatus, 
Muslelus mustelus and Spheroides tna- 
cidaius. 

Habitat: Common in marine sand, 
mud and water. 

38. Bacterium chitinochroma Hock. 
(Jour. Marine lies., 1941, 105.) 

Short rods: 0.45 to 0.75 by 0.90 to 1.4 
microns. Motile. Gram-negative. 

Sea water gelatin: .Active liquefaction; 
no growth in stab, but thick bright yel¬ 
low growth throughout the liquefied 
zone. 

Basic agar plate: Colonics circular, 
smooth, entire, raised, varying in color 
from lemon to deep orange. 

Basic liquid medium: .Abundant 
growth with production of pellicle. 
Scant granular sediment, increasing with 
age of culture. 

Decomposes natural chitiiious material 
such as horseshoe crab shells and also 
purified chitin. 

Does not produce nitrites from ni¬ 
trates. 

Acid from glucose and sucrose, but 
not lactose, glycerol and mannitol. 
Does not digest cellulose. 

Hydrolyzes starch. 

Does not produce hydrogen sulfide. 

Aerobic. 

Optimum temperature 20°C. 

Source: From the intestinal tract of 
the squid, Loligo pealeii. Common. 

Habitat: Marine sand, mud and water. 

Appendix I: The first species of chitin- 
ovorous bacteria that was described and 
named was placed in the genus Bacillus 
because it was a motile rod. 

1. Bacillus chitinovorus Benecke. 
(Bot. Zeitung, ^5, 1905, 227.) From 
M. L. chitin, chitin; vorus, devouring. 


Rods:0.75by2.0microns. Sometimes 
in pairs and chains. Motile with peri- 
trichous flagella. Gram-negative. 

Gelatin stab: Liquefaction. 

Mineral agar containing chitin: Good 
growth if no sugar is added to produce 
acid. Xon-chromogenic. 

Peptone mineral agar containing 
chitin: Good growth if reaction is neutral 
to slightly alkaline. 

Salt in concentrations up to P®'’ 
cent is favorable for growth. Maximum 
4 per cent. 

Peptone broth: Turbid with heavy, 
slimy, whitish to brownish pellicle. 

Nitrites produced from nitrates. 

Ammonia produced in peptone-chitin 

media. 

Acid from glucose and sucrose. 

Optimum temperature 20®C. 

Source: Isolated at Kiel from media 
containing decomposing crab shells a^ 
from media containing purified chitin, 
also from soil. 

Habitat: Brackish water and soil. 

Notes: Bacillus lumescens Zopf, 
cillus cohaerens Gottheil, Bacillus pro 
fews vulgaris Kruse, Bacillus coU com 
munis Sternberg, Bacillus fiuorescens 
liquefaciens Fliigge, Bacillus megat c 
rium De Bary, Vibrio aquatilis Gunther 
and Spirillum rubrum von Esmarc * 
not attack chitin under the conditions 
tested by Benecke (foe. ciL). 

Benton (Jour. Bact., £9, 1935, 
describes but does not name 17 typos 
chitinovorous bacteria isolated ro 
water, mud and plankton of fresh . 
lakes, from decaying May 
shells, intestinal contents of fish, fro^* 
bats, snipe, and crayfish. Also s o 
soil, composts, etc. Twelve typo® 

reported to be monotrichous, t'vo 

peritrichous and three, position 
flagella not stated. Of two Gram pc«»- 
tive types, one may have been * 
former and the other a Coryne c 
Two types digested cellulose. 

ZoBell and Rittenberg (Jour. 

S5, 1938, 275) isolated and studie 
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did not name 31 cultures of chitinoclastic 
bacteria from marine sources. Out of 
16 cultures studied intensively, all were 
Gram-negative. All but 4 of the 31 
cultures were motile. One culture was 
a coccus and two species were vibrios. 
None digested cellulose. 

*39. Bacterium phosphoreum (Cohn) 
Molisch. {Micrococcus phosphoreus 
Cohn, see letter addressed to J. Penn, 
Verzamcling van stukken betreffendo het 
gcneeskundig staatstoczicht in Neder¬ 
land, 1878, 126; Bacterium phosphores- 
cens Fischer, Cent, f. Bakt., 3, 1888, 107; 
Photobacierium phosphoresccns Beijcr- 
inck, Arch! N^erl. d. Sci. E.xactes, 23, 
1889, 401; Streptococcus phosphoreus 
Trevisan, I generi e le specie delle 
Batteriacee, 1889 , 31; Bacillus phos¬ 
phoreus Mac6, Traits de Bact., Paris, 
4th ed., 1901, 995; Micrococcus phos- 
phorescena Chester, Man. Determ. Bact., 
1901, 181; Molisch, Die Lcuchtende 
Pflanzen, 1912, 66; Photobacler phos¬ 
phoreum Beijerinck, Folia Microbio- 
logica, Delft, 4, 1916,15; Photobacterium 
phosphoreum Ford, Textb. of Bact., 
1927,615.) 

Description from Fischer {loc, cil.). 

Coccobacilli: Occur frequently as 
zooglea. Non-niotile. Stain lightly 
with aniline dyes. 

Gelatin: No liquefaction. 

Gelatin streak: Gray-white growth. 

Broth: No growth. 

Milk: No growth. 

Potato: No growth. 

Ferments carbohydrates. 

Blue-green phosphorescence. 

Minimum temperature S^C. Maxi¬ 
mum 25®. Optimum for luminescence 
10®C. 

Aerobic, facultative. 

Source: Isolated from luminous fish. 

Habitat: Found commonly on dead 
fish, meat, etc. 


40. Bacterium phosphorescens indige¬ 
nus (Eisenberg) Chester. (Einheim- 
ischer Leuchtbacillus, Fisciier, Cent. f. 
Bakt., 3, 1888, 107; Pkotobacteriiim 
fischeri Beijerinck, Arch. Nderl. d. Sci. 
Exactes, 23, 1889, 401; Bacillus fischeri 
Trevisan, I generi c le specie delle 
Batteriacee, 1889, 18; Bacillus phos¬ 
phorescens indigenus Eisenberg, Bakt. 
Diag., 3 Aufl., 1891, 124; Vibrio fischeri 
Lolimann and Neumann, Bakt. Diag., 
1 Aufl., 2, 1896, 342; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 121; 
Microspira fischeri Chester, Man. De- 
term. Bact., 1901, 333; Spirillum phos¬ 
phorescens Holland, Jour. Bact., 5, 1920, 
225; Vibrio phosphorescens Holland, 
ibid., 226; Achromobacter fischeri Bergey 
et al., Manual, 3rd ed., 1930, 220.) 

Description from Fischer (loc. cit.). 

Short thick rods: 0.4 to 0.7 by 1.3 to 
2.1 microns, with rounded ends, occur¬ 
ring singly and in pairs. Motile. Stain 
with the usual aniline dyes. 

Johnson, Zworykin and Warren (Jour. 
Bact., 46, 1943, 167) made pictures with 
the electron microscope of a culture 
which they identify with this species. 
The organisms have a tuft of polar fla- 
gclla, indicating that this species belongs 
in the genus Pscudornonas. 

Gelatin stab: Liquefaction. 

Gelatin colonies: Liquefaction. After 
one week, circular, 1 mm in diameter, 
entire. 

Broth: No growth. 

Milk: No growth. 

Blood scrum: No growth. 

Potato: No growth. 

Cooked fish: Abundant growth. En¬ 
tire surface covered with a gray-white, 
slimy, phosphorescent mass. 

Temperature relations: Minimum 5® 
to 10®C. Optimum 22®C. 

Aerobic. 

Source: From sea water at Kiel and 
from herring. 


* Dr. Frank H. Johnson, Dept. Bacteriology, Princeton Univ., Princeton, New 
Jersey, assisted in preparing the section on phosphorescent bacteria. May, 1946 
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Habitat: Live on dead fish and in sea 
water. 

41. Bacterium hemophosphoreum 
Pfeiffer and Stammer. (Pfeiffer and 
Stammer, Ztschr. f. Morph, u. Okol. d. 
Ticre, 20, 1930, 13G; Brucella (?) haemo- 
-phosphurcum Pribram, Klassifikation der 
Schizomyceten, Leipzig und Wien, 1933, 
67.) 

Rods: 1.0 by 4.5 microns, the size 
varying \\ ith the medium. Seem to show 
bipolar staining. 

Fish agar with 3 per cent sea salt: 
Good growth. 

Litmus milk: Acid. Reduction. 

Potato: Yellow growth, medium be¬ 
coming orange. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid from glucose, sucrose, lactose, 
maltose, galactose, mannitol and fruc¬ 
tose. 

Phosphorescent. 

Pathogenic for other insects. 

Source: Isolated from the blood of 
diseased larvae of the mealworm, Tcne- 
brio molitor. 

Habitat: From diseased insect larvae. 

Appendix 1: The following phospho¬ 
rescent species have been described in 
the literature. Many are incompletely 
described and they have been placed in 
various genera without adequate study. 

A ckromobacter argenteophospkorescena 
(Katz) Bergey et al. {Bacillus argenleo- 
phosphorescens /, Katz, Cent. f. Bakt., 
9, 1891, 157; Bacterium argenteo-phos- 
phorescens Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897,121; Bacillus 
argenleo-phosphorescens Migula, Syst. d. 
Bakt., 2, 1900, 869; Photobacillus I, 
Miquel and Cambier, Traitd de Bact., 
Paris, 1902 , 881; Bergey et aL, Manual, 
3rd ed., 1930, 221.) From sea water in 
Elizabeth Bay, Sydney, Australia. Sil¬ 
ver-white luminescence. Probably a 
variety of Pholobacterium fisekeri Beijer- 
inck, according to Katz. 

Achromobacter cyaneophospkorescens 


(Katz) Bergey et al. (Bacillus cyaneo^ 
phosphorescens Katz, Cent. f. Bakt., 
1891, 15S; Pholobacterium cyaneum Lud¬ 
wig, according to Kruse, in Fltigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 331; 

Pholobacterium cyano-phosphorescens 

(sic) Ford, Textb. of Bact., 1927. 619; 

Vibrio cyaneo-phosphorescens Lehmann 

and Neumann, Bakt. Diag., 7 Aufl., 2, 
1927 , 543; Bergey et al., Manual, 3rd ed. 
1930, 221.) From sea water in Little 
Bay, near Sydney, Australia. Bluish- 
green luminescence. Identical with or 
similar to Pholobacterium indicum Beijer- 


inck, according to Katz. 

Achromobacter luminosum Bergej et 

al. ( Bacillusargenteo-phorphorescens II, 

Katz, Cent. f. Bakt., 9, 1891, Ibl; Bac¬ 
terium argenteo-phospkorescens Migu a» 

Syst. d. Bakt.. 2, 1900, 435; Photobacd- 
lus II, Miquel and Cambier. Traits de 
Bact., Paris, 1902 , 882; Bergey et al., 
Manual, 3rd ed., 1930, 226.) From fish 

obtained in the market. Greenish-silver 

luminescence. . . 

Achromobacter phosphoreum (MiguiM 
Bergey et al. (Bacillus argenteo-phoS' 
phorescens Uquefaciens Katz, Cent. 
Bakt., 9, 1891, 157; Bacillus 
Migula, Syst. d. Bakt., S J^CO, ^ • 
Bergey et al., Manual, 3rd ed., 19 r 
From sea water along the coast ne 

Sydney, Australia. 

slight. Probably identical with_ F/«oio- 

bactcriutn luminosum Beijennck. 

Achromobacter phosphoricum (i 
Bergey et al. (Bacillus argenteo-P 
phorescens III, Katz, Cent. f. ^ . 

1891, 157; Bacillus phosphoricusW ^ 

Syst. d. Bakt., *.1000,870; Photob^ 

III, Miquel and Cambier, Trait 
Bact., Paris, 1902 , 882; Bergey et ^ 
Manual, 3rd ed., 1930, 223d ^ 

cuttlefish (Sepia sp.) . . ^hite 

market. Bluieh-greenish-wlut 


minescence. „t,nrfs- 

Achromobacter 

ne (Katz) Bergey et a. 

naragdino-phorphorescens xa ’ 

Bakt., 9. 1891. 159; 

ino phosphorescens Chester, An 
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Del. Col. Agr. Exp. Sta., 9, 1897, 124; 
Bacterium smaragdino-phosphorescens 
Migula, Syst. d. Bakt., 2, 1900,435; Bac~ 
terium smargadinutn (sic) Chester, Man. 
Determ. Bact., 1901, 181; Bergey et al., 
Manual, 3rd ed., 1930, 225.) From lier- 
ring in a fish market in Sydney, Aus¬ 
tralia. Green luminescence. Probably 
identical with Photobacterium phosphor- 
escens Beijerinck. 

Bacillus fischeri Dyar. (Dyar, Ann. 
N. Y. Acad. Sci., 8, 1895, 370; Bacterium 
fischeri Chester, Man. Determ. Bact., 
1901, 165.) Dyar added to the con¬ 
fusion in the nomenclature of phos¬ 
phorescent organisms by giving this 
name to four cultures received by liim 
from the Krill collection labeled Photo- 
bacterium phosphorescens, Photobac¬ 
terium balticum, Pholohacterium fischeri 
and Pholobacterium pjliigeri. 

Bacterium chironomi Issatscheiiko. 
(Bulletin du Jardin Imperial botanique 
i St. Pdtersbourg, 11, 1911, 37; Photo- 
bacterium chironomi Issatschenko, ibid., 
43.) A phosphorescent bacterium from 
a genus of midges, Chironomus. 

Bacterium giardi (Kruse) Billet. 
(Giard and Billet, Coinpt. rend. Soc. 
Biol., Paris, 1889, 593; Pholohacterium 
palhogenicum Giard, (quoted from Eijk- 
mann, see abst. in Cent. f. Bakt., 12, 
1892,656; Pholohacterium giardi Kruse, in 
Fltigge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 333; Bacillus phosphorescens 
giardi Kruse, idem; Bacterium phos¬ 
phorescens giardi Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 125; 
Billet, Bull. Sci. France et Belgique, 21, 
1898, 144; Bacterium phosphorescens- 
giardi Chester, Man. Dcterm. Bact., 
1901,182.) Pathogenic for marine crus¬ 
taceans. 

Bacterium hippanici Issatschenko 
{loc. cit., 47). Prom fresh water fish. 

Bacterium lucens (van Tieghcm) 
Ntiesch. (Micrococcus lucens van Tieg- 
hem; Ntiesch, Karsten's Deutsche Flora, 
1880; quoted from Ludwig, Cent. f. 
Bakt., 2, 1887, 376.) From luminous 


meat. Considered identical with Bac¬ 
terium phosphoreum. 

Bacterium luminosus (Beijerinck) 
Chester. (Pholobacterium luminosum 
Beijerinck, Arch. N<5erl. d. Sci. Exactes, 
23, 1889, 401; Fi^rio luminosus Boijor- 
inck, Bot. Zeit., 1889, 763, according to 
Trevisan, I generi e le specie delle 
Batteriacee, 1889,23; Bacillus luminosus 
DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 982; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 121; Microspira luminosa Migula, 
Syst. d. Bakt., 2, 1900, 1015; Phoiobacter 
luminosum Beijerinck, Folia Microbio- 
logica. Delft, 4) 1916, 15.) From sea 
water. 

Bacterium pelagia Dubois. (Dubois, 
Compt. rend. .Acad. Sci., Paris, 107, 
1888, 502 and 111, 1890, 363; Bacillus 
pelagia DcToni and Trevisan, in Sac¬ 
cardo, Sylloge Fungorum, 8, 1889, 959.) 
Isolated from the surface of Pelagiae 
noclilucae. 

Bacterium pfiuegeri Ludwig. (Lud- 
wdg, Ztschr. f. wisscnsch. Mikrosk., 1, 
1884, 181; Micrococcus pjlugeri Ludwig, 
Hedwigia, No. 3, 1884; Arthrobacterium 
pfiuQcri DeBary, 1887; Pholobacterium 
pjlugeri Beijerinck, Cent. f. Bakt., 8, 
1890, 617; Bacterium phosphorescens 
pjlugeri Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 125.) From fish 
and meat. Considered identical with 
Bacterium phosphoreum. 

Bacterium pholas Dubois. (Compt. 
rend. Acad. Sci., Paris, 107, 1888, 502.) 
Isolated from Pholadis dactyli. 

Bacterium phosphorescens Hermes. 
(Hermes, Sitzungsber. naturf. Freunde, 
April 19, 1887, quoted from Cent. f. 
Bakt., 2, 1887, 404; Bacillus hermesi 
Trevisan, I generi e le specie delle Bat- 
teriacce, 1889, 18.) From sea water. 
Mac5 (Traits do Bact., Paris, 4th ed., 
1901, 994) says this may be the same as 
Micrococcus phosphoreus Cohn. Emer¬ 
ald-green luminescence. 

Bacterium phosphorescens gelidus 
(Eisenberg) Chester. (Phosphoresciren- 
den Mikroorganismen, Forster, Cent. f. 
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Bakt., 2, 1887, 337; Bacillus phosphores- 
cens gcUdus Eiscnberg, Bukt. Diag., 

3 Aufl.. 1801, 182; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1807, 125.) 
From phosphorescent sea fish. Fischer 
(Cent. f. Bakt., 4- 1HS8, 80) states that 
this organism is the same as his Bac¬ 
terium phosphorescens. 

Coccobacillus acropoma Vasaki ami 
llaneda. (Vasaki amt Ilaneda, 1036; 
quoted from Harvey, Living Light, 
Princeton, 1040, 33.) From a fish (Acro- 
poma japonicum). 

Coccobacillus coclorhynchus. (Studied 
by Hsu, Sei-i'kai Med. Jour., 56, 1037, 1; 
quoted from Harvey, Annual Rev. of 
Biochem., 10, 1041, M3.) From a deep- 
sea fish {Coclorhynchus sp.). 

Cocco6aci7/us ildensis. (Quoted from 
Harvey, Living Light, Princeton, 1040, 
263.) 

Coccobacillus loliyo Kishitani. (Kish- 
itani, Proc. Imp. Acad. Tokyo, 4) 1028, 
60; quoted from Harvey, Living Light, 
Princeton, 1040 , 35.) From the squid 
{Loligo edulis). 

Micrococcus cyanophos. (Studied by 
CTaren, Ann. d. Chemic, 536, 1038, 122; 
quoted from Harvey, Living Light, 

Princeton, 1040, 184.) 

jl/zcrococcus physiculus. (Quoted 
from Harvey, Living Light, 1040, 34.) 
The cause of luminescence of a fish 

{Physiculus japonicus). 

Microspira phosphoreum Vasaki. 
(Vasaki, see Sei-l-kai-zasshi, 4^, 1026, 
quoted from Harvey, Living Light, 1940, 
239.) Caused luminescence of a fresh¬ 
water shrimp in Japan. 

Photobacter hollandiae Beijerinck. 
(Proc. Sect. Sci., Kon. Akad. v. We- 
tensch., Amsterdam, 5,1900,352.) Simi¬ 
lar to Phoiobacterium luminosum, 

Photobacter hollandicum Beijerinck. 
(Folia Microbiologica, Delft, 4, lOlfi* 15 ) 
Photobacter hollandicum parvum 
Beijerinck. (Folia Microbiologica, 

Delft, 4, 1916, 15 ) 

Photobacter splendidum Beijerinck. 
(Beijerinck, Proc. Sect. Sci., Kon. Akad. 
V, Wetensch., Amsterdam, 5, 1900, 352; 


Vibrio splendidus Lehmann and Neu¬ 
mann, Bakt. Diag., 7 Aufl., 2, 1027 , 543, 

Pholobacleriion splendidum, quoted from 
Harvey, Living Light, Princeton. 19-10, 
204.) May be a variety of Pholobac- 

Icrium indictnn. 

Photobacter splendor maris Beijerinck. 
(Proc. Sect. Sci., Kon. Akad. v. We¬ 
tensch., Amsterdam, 3, 1900, 352.) 
May be a variety of Phoiobacterium 


'ndicutn. 

Phoiobacterium Beijerinck. (Beijer- 
nck, Arch. N'(5erl. d. Sci. E.xactcs, 23, 
1889, 401; Photobacter Beijerinck, Proc. 
Sect. Sci., Kon. Akad. v. Wetensch.. 
Amsterdam. 3, 1900, 352; Photosptrillum 
Miquel and Cambier, Traitd de Bact., 
Paris, 1902 , 888; Photomonas Orla-Jen- 
icn. Jour. Bact., 6, 1921, 271.) Photo 

)«dcrium phosphorescens is the type 
species of this genus. See Bacterium 
yhosphoreum. Several species ^re 
[daced in this genus by Fischer. 

Photobactcrium annulare Fisc or 

(Fischer, Ergebnissc d. 

pcditioii d. Humboldt-Stiftung, 4,1^ 
41; Microspira annularis Migula, bys • 
d. Bakt2,1900,1014.) From sea wate ■ 
Photobactcrium balticuni 

(Einheimischer Lcuchtbacillus, ise » 

Cent. f. Bakt.. S, 18SS, 105: 

Akad. V. Wetenschappen, Afdcei. * 

tuurk.. 2de Reeks, 7. 1890, 239 i_see ab 
in Cent. f. Bakt., S, 1890, 61/; 
baliicus Lehmann and Neumann, 
Diag.,lAufl.,«.1896,Ml.) From^ 

of the Baltic Sea. The felatmnsh.P 
Phoiobacterium balticum to o 
phosphorescens indigenus is 
The former species is based on a c 
sent by Fischer to Beijerinck 
Einheimischer Leuchtbacillus 
Beijerinck considered to be 

from his Photobaclerium fischert. 

Phoiobacterium caraibtcum 

(Fischer, loc. cil., 18M, 4*. 
caraibica Migula, loc. ctt., 10h> l 

sea water. Fischer* 

Phoiobacterium coronatu 
(Fischer, loc. cit., 41; Microspir 
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Migula, loc. cii., 1013.) From sea 
water. 

Phoiohacierium degcnerans Fischer. 
(Fischer, loc. cit., 37; Microspira de- 
generans Migula, loc. cil., 1015; Bacillus 
degenerans Beijeriiick, Folia Microbio- 
logica, Delft, I, 1912, 1.) From sea 
water. 

Photobacterium delgadense Fischer. 
(Fischer, loc. cit., 37; Microspira dclga- 
densis Migula, loc. cit., 1014.) From sea 
water. 

Photobacterium glutinosum Fischer. 
(Fischer, loc. cit., 41; Microspira gluti- 
nosa Migula, loc. cit., 1014.) From sea 
water. 

Photobacterium hirsutum Fischer 

{loc. cit., 41). From marine fish. 

Photobacterium papillare Fischer. 

(Fischer, loc. cit., 41; Microspira papil¬ 
laris Migula, loc. cit., 1016.) From sea 
water. 

Photobacterium sepiae. (Quoted from 
Doudoroff, Jour. Bact., 44, 1942, 451, 
who obtained a culture so labeled which 
had come from Prof. Kluyver’s collec¬ 
tion at Delft.) 

Pholobacteriu7n tuberosum Fischer. 

(Fischer, loc. cit., ; Microspira tuberosa 
Migula, loc. cit., 1014; Pholobacter 
tuberculatum Beijerinck, Folia Micro- 
biologica. Delft, 4, 1916, 15.) From sea 
water. 

Pseudomonas toyamensis. (Quoted 
from Harvey, Living Light, Princeton, 
1940, 263.) 

Sarcina noctiluca Heller. (Heller, 
Arch. f. Physiol., path. Chem. u. Mikr., 
N.F., 6, 1853-54, 44; see Harvey, Living 
Light, Princeton, 1940 , 6.) From fish. 
Possibly the same as Bacterium phos- 
phoreum Molisch. 

42. Bacterium erythrogloeum Ruhland 
and Grohmann. (Cent. f. Bakt., II 
Abt., 61, 1924, 256.) From Greek ery- 
thros, red and glota, glue. 

Rods:0.5by2.0microns. Non-motile. 
Gram-negative. 

Gelatin plate: Red, droplet-like 
colonies. 


Gelatin stab: Xo liquefaction. 

Agar plate: Red, droplet-like colonies. 

.\gar slant: Raised, non-spreading, 
glistening, brick-red growth. 

Potato: .Abundant, brick-red, warty. 

.Aerobic. 

Facultative autotroph. 

0.\idizes hydrogen in an inorganic 
medium under an atmosphere of IIo, O 2 , 
and CO 2 . Produces a pellicle on the 
inorganic liquid medium. 

Source: Calcareous soil. 

Habitat: Probably widely distributed 
in soil. 

43. Bacterium lentulum Grohmann. 
(Cent. f. Bakt., II Abt., 61, 1924, 256.) 

Rods:0.5by 1 to2inicrons. Motile by 
long thin peritrichous flagella. Gram- 
negative. 

Gelatin plate: Colonies appear like 
milk droplets. 

Gelatin stab: Xo liquefaction. 

Agar plate: Tough, ochre yellow col¬ 
onies about 7 mm in diameter. 

Agar streak: Parchment-like, folded, 
yellow streak about 1 cm broad. 

Potato: Heavy, yellow growth. 

-Aerobic. 

Facultative autotroph. 

O.Kidizes hydrogen in an inorganic 
medium under an atmosphere of II 2 , O 2 , 
and C02. Produces a heavy folded 
pellicle on the inorganic liquid medium. 

Source: Soil poor in lime. 

Habitat: Probably widely distributed 
in soil. 

44. Bacterium leucogloeura Ruhland 
and Grohmann. (Cent. f. Bakt., H 
Abt.,6/, 1924, 256.) From Greek leukos, 
white and glota, glue. 

Rods: 0.5 by 0.7 to 52 (?) microns. 
Motile by means of peritrichous flagella. 

Gelatin stab: No liquefaction. 

Agar streak: Wide, slimy, wet, ivory- 
colored growth. 

Potato: Gray-brown slime. 

Aerobic. 

Facultative autotroph. 

Oxidizes hydrogen in an inorganic 
medium under an atmosphere of H 2 , O 2 , 
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and CO 2 . Produces a pellicle on the 
inorganic liquid medium. 

Source: Calcareous soil. 

Habitat: Probably widely distributed 

in soil. 

♦45. Bacterium stewartU Erw. Smith. 
(Sweet corn bacillus, Stewart, N. Y. 
Agr. Exp. Sta. Bui. 130, 1897, 423; 
Pseudomonas stewarti Smith, Proc. A. A. 


Starch not hydrolyzed. 

Optimum temperature 30°C. Maxi¬ 
mum 39°C. Minimum S^C. 

Optimum pH 6.0 to 8.0. Limits about 
pH 4.5 to 8.5. 

8 per cent salt restricts growth. 

Strict aerobe. 

Source: From wilted sweet corn. 

Habitat: Pathogenic on corn, Zea 
mays. Sweet corn very susceptible 


A. Sci., 47 , 1898, 422; Smith, Bact. in 
Rel. to Plant Dis., 3, 1914, 89; Aplano^ 
bacter stewarti McCulloch, Phytopath., 

1913 ^ 440; Bacillus stewarti Holland, 
Jour. Bact., 5, 1920, 220; Phytomonas 
stewartii Bergey etal.. Manual, 1st ed., 
1923, 192.) Named for F. C. Stewart, 
American plant pathologist. 

Description from Smith, U. S. Dept. 
Agric., Div. Veg. Phys. and Path., Bui. 
28, 1901. 

Rods: 0.4 to 0.7 by 0.9 to 2.0 microns. 
Capsules. Non-motile (McCulloch, loc. 
cit.). Gram-negative. 

Gelatin: No liquefaction. 

Nutrient agar colonies: Small, round, 
yellow colonics. 

Broth: Growth feeble with whitish 
ring and yellow precipitate. 

Milk: Yellow ring but no visible action 
on the milk. Slightly acid. 

Nitrites not produced from nitrates. 
McNew (Phytopath., 28, 1938, 773) 
states that less virulent strains assimi¬ 
late only organic nitrogen; those of 
intermediate virulence assimilate nitro¬ 
gen from inorganic salts without reduc¬ 
tion of nitrates to nitrites; virulent 
strains reduce nitrates to nitrites. 

Hydrogen sulfide not formed. 

Indole production slight or none. 

Reduction of methylene blue in Dun¬ 
ham's solution feeble or doubtful. 

Acid but no gas from glucose, galac¬ 
tose, sucrose, mannitol and glycerol. 
No acid from maltose. Acid from fruc¬ 
tose, arabinose and xylose (McNew, 


and field corn slightly so. 

46. Bacterium tardicrescens Mc¬ 
Culloch. (McCulloch, Phytopath., 27, 
1937, 135; Phytomonas tardicrescens 

Burkholder, Phytopath., .27, 1937, 617.) 
From Latin, slow growing. 

Rods: 0.6 to 0.8 by 1.58 microns. Mo¬ 
tile with a polar flagellum. Gram-nega¬ 
tive. 

Gelatin; No liquefaction. 
Beef-extract agar colonies: Circular, 
mustard yellow, edges entire, 1 to 1.5 
mm in diameter. 

Broth: Light clouding. 

Milk: Slightly alkaline. Clearing 

after 5 to 6 weeks. 

Nitrites are produced from nitrates. 

Indole not produced. 

No H 2 S produced or feebly bo. 

Acid but no gas from glucose, fructose, 
galactose, arabinose, xylose and rham 
nose. Alkaline reaction from salts o 
citric, malic and succinic acid. 

Starch is not hydrolyzed. 

Not lipolytic (Starr and Burkholder, 

Phytopath., SB, 1942, 603). 

Optimum temperature 26 C. 
mum 32^C. Minimum 5‘'C (McCulloch- 

Phytopath., B8, 1938, 648). 

Optimum pH 6.5 to 7.5. Growt s >8 
at 5.8 and 8.0 (McCulloch, loc. cih). 

No growth with 3 per cent salt 

Culloch, loc. cil.)‘ 

Aerobic. , ^ 

Distinctive character; Very 


loc. cit.). 


grower 


•The section covering species of interest to plant 1946. 

K., Prnf WMtAr H BnrkholdAr Cornell Univ., Ithaca, New YorK, J- 


pared by Prof. Walter H. Burkholder, Cornell 
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Source: Isolated by McCulloch and by 
Burkholder from blighted iris leaves. 

Habitat: Pathogenic on Iris spp. 

47. Bacterium albillneans Ashby. 
(Ashby, Trop. Agr., Trinidad, G, 1929, 
135; Phytomonas albilineans Magrou, in 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 326.) From Latin, produc¬ 
ing white streaks. 

Description taken from Martin, Car¬ 
penter and Weller, The Hawaiian 
Planters’ Record, 36, 1932, 184. 

Rods: 0.25 to 0.3 by 0.6 to 1.0 micron, 
occurring singly or in chains. Motile 
with a polar flagellum. Gram-negative. 

Agar colonies: After 7 to 10 days, 
minute transparent drops, moist, shin¬ 
ing. Honey yellow to Naples yellow. 

Gelatin: No liquefaction. 

Milk: Growth, but no visible change 
in the milk. 

No growth with ammonium salts, ni¬ 
trates, or asparagine as a source of ni¬ 
trogen. 

No growth in peptone water without 
carbohydrates. Invertase secreted. 

Starch is not hydrolyzed. 

Optimum temperature about 25*C. 
Maximum 37‘’C. 

Distinctive characters: Differs from 
Xanthomonas vascularum which produces 
a large gummy type of colony, and which 
is a very active organism biochemically. 
The two pathogens also differ in the 
type of lesion they produce on sugar 
cane. 

Source: Isolated by D. S. North (Co¬ 
lonial Sugar Ref. Co., Sidney, N.S. 
Wales, Agr. Rept., 8, 1926,1) from white 
stripe and leaf scald of sugar cane in 
Australia. 

Habitat: Vascular pathogen of sugar 
cane, Saccharum officinarum. 

Appendix 1: The following species 
have been described from diseased plant 
tissues but may not, in some cases at 
least, have been the cause of the disease. 

Bacillus helae Migula. (Kramer, Oes- 
terreich. landwirtsch. Centralb., 1891, 


Heft 2 and 3; Migula, Syst. d. Bakt., 2 , 
1900, 779.) The cause of a disease of the 
sugar beet {Bela vulgaris). 

Bac. caryophyllacearum Dufrenoy. 
(Compt. rend. Soc. Biol., Paris, 81, 1918, 
920; probably there is an earlier reference 
to this species.) On Dianthus, Sapo- 
naria and Lychnis. 

Bacillus cojfeicola Steyaert. (Rev. 
Zoo. et Bot. Afr., 22, 1932, 137.) From 
nodules on coffee roots. 

Bacillus lacerans Migula. {Bacillus 
a, Busse, Ztschr. f. Pflanzenkr., 7, 18—, 
72; Migula, Syst. d. Bakt., 2 , 1900, 780.) 
From diseased sugar beets. 

Bacillus maculicola Delacroix. (Dela¬ 
croix, Compt. rend. Acad. Sci. Paris, 
HO, 1905, 680; Bacterium maculicola 
Stapp, in Sorauer, Handb. d. Pflanzen- 
krankheiten, 5 Aufl., 2, 1928,276; Aplan- 
obacler maculicola Elliott, Manual Bact. 
Plant Path., 1930, 8; Phytomonas nico- 
ri’auae-la6aci Magrou, in Hauduroy et al., 
Diet. d. Bact. Path., 1937, 38G.) From 
diseased spots on leaves of tobacco. 

Bac. nucleophyllus Dufrenoy. (Compt. 
rend. Soc. Biol., Paris, 81, 1918, 920, 
nomen nudum.) On Rhododendron fer- 
rugineum. 

Bac. tritici Dufrenoy. (Compt. rend. 
Soc. Biol., Paris, 81, 1918, 920, nomen 
nudem;not Pseudomonas tritici Hutcliin- 
son, India Dept, of Agr., Bact. Ser., /, 
1917, 174.) On wheat. 

Bacillus vitis Montemartini. (Rev. 
Patol. Veg., 6 , 1913, 175.) Pathogenic 
on the grape {Vitis vinifera). 

Bacterium apii Brizi. (Lav. e Relaz. 
d. Reg. Staz. di Patol. Veg., Roma, 
Gennio-Giugno, 15, 1896 and Atti R. Ac- 
cad. Naz. Lincei, Rend. Cl. Sc. Fis., 
Math, e Nat., Ser. 5, 6 , 1S97, 233.) 
Motile. From rot of celery. 

Bacterium betae Chester. (Bacterial 
parasite, Arthur and Golden, Indiana 
Agr. Exp. Sta., Bull. 39, 1892, 61; Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta.,9,1897, 12B; Bacillus arthuriMigola., 
Syst. d. Bakt., 2 , 1900, 681.) Motile. 
From diseased sugar beet tubers. 

Bacterium briosianum Pavarino. 
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(Atti del. U. Acciul. Xaz. Lincei, Rond. 
C'l. Sci. T'iri., Math, ot Xat,, 20, 1911, 
101.j Motile. From lesions on the 
vanilla vine. 

Buclc r i H /n cfLsti n i col ti m Cava ra. 
fUev. d. Pat. Veg., 7, 1914, 5.) Motile. 
From ciiestnut canker. 

Bacterium corylii Brzezinski. (Bull. 
Intern. .\cad. dcs Sci. Cracovie, Cl. Sci. 
Math, e Xat., 1903, 139.) Motile. 
From diseased filbert trees. 

Bacterium dciuirobii Pavarino. (Rev. 
di Pat. Ve-., 5, 1912, 242.) 

Bactcriian dianthi Chester. (Para¬ 
sitic bacteria, Arthur and Bolley, Purdue 
Univ. Agr. Exp. Sta.. Bull. 59, 1806, 21; 
Chester, .Vnn. Rept. Del. Col. .\gr. 
Exj). Sta., 9. 1897, lOG; Bacillus dianthi 
Chester, Man. Determ. Bact., 1901, 253; 
Pseudomonas dianthi E. F. Smith, L . S. 
Dept. Agr., Div. Veg. Phys. and Path., 
Bull. 28, 1901, 153.) Motile. From 
lesions on carnation leaves. 

Bacterium fid Cavara. (1st. Bot. del. 
R.Univ. di Catania, Atti Acad. Gioen., 
18, Mem. 14, 1905,1; Phyiomunas (?)^ci 
Magrou, in Hauduroy et al.. Diet. d. 
Bact. Path., 1937, 35-1.) Motile. 

Causes a blight of figs. 

Bacterium lycopersici var. viiiali 
Strzalkowska. (Strzalkowska, Acta 
Soc. Bot. Poloniae, Warsaw, 7, 1930, Cll; 
Phytomonas vitiati Burkholder, in Man¬ 
ual, 5th ed., 1939, 216.) From rotting 

tomato. 

Bacterium mali Brzezinski. (Bull. 
Intern. Acad. Sci. Cracovie, Cl. Sci. 
Math, e Xat., 1903, 100.) Motile. 
From apple canker. 

Bacterium montemarlinii Pavarino. 
(Rev. di Pat. Veg., 5, 1911,65.) Motile. 
From wisteria canker. 

Bacterium (?) oncidii Peglion. (Peg- 
lion, 1899, quoted from Hauduroy et al., 
Diet. Bact. Path., 1937, 388; Bacillus 
oncidii Stevens, 1913; Phytomonas (?) 
oncidu Hauduroy et al., idem.) From 
an orchid {Oncidium sp.). 

Bacterium pini Chester. (Bacillus 
des tumeurs du Pin d’Alep, Vuillemin, 
Compt. rend. Acad. Sci., Paris, 107 ,1888, 
8^4 and 1184; Bacillus vuillemini Trevi- 


san, I generi e le specie delle Batteriacee, 
1889, 19; Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 127; Pseudo¬ 
monas pini Petri, Ann. Ist. Supt. For. 
Xaz. Firenze, 9, 1924, 187.) From galls 
on pine {Pinus halcpensis). 

Bacterium pulredinis Davaine. (Da- 
vaine, Bact^rics, in Dictionnaire En- 
cvcIop(5diquc des Sci. M(!dicales, 1866, 
Bacillus pulredinis Trevisan, Add. ad 
Gen., p. 36; see DcToni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8 , 1889, 
1025; not Bacillus pulredinis Weinberg, 
Xativellc and Prevot, Les Microbes 
Ana^robies, Paris, 1937, 755.) Causes a 

soft rot of several plants. 

Bacterium pyri Brzezinski. (BuH- 
Internat. d. I’Acad. dcs Sci. de Cracovie, 
Cl. Sci. Math, e Xat., 1903, 130.) Mo¬ 
tile. From pear canker. 

Bacterium rubcfacicns Burr. (Burr, 

Ann. App. Biol., 15, 1928 , 570; 
monas rubefaciens Magrou, in Hau uroy 
et al., Diet. Bact. Path., 1937, 406, 
not Bacterium rubefaciens Chester, 7 nn. 
Rept. Del. Col. Agr. Exp. Sta., 9, 

115.) _ 

Bacterium subcrfaciens Burr. ( ^ 
Ann. App. Biol,, 15, 1928 , 570; 

jnonas suberfaciens'MagrouM h y*" 

et al.,- Diet. Bact. Path., 1937 4 0 
Motile. From diseased potato tub 


48. Bacterium rubefaciens 

ann) Chester. (Bacillus rubefac>‘n 

immermann, Die Bakterien uu 
rink- und Xutzwiisser, Chemm . - 

J90, 26; Chester, Ann. Rept. [ 

gr. Exp. Sta.. P. 1897, 115; Eryth^ 

^cillus rubefaciens Holland. 

1920, 223; Serralia rubefaciens B g 

;al.. Manual, 1st ed., 1923,92: 05^ 

icterium rubefaciens Topley^ j 

rinc. Bact. and Immun., /, • 

rom Latin ru6cr, red 

Rods: 1.0 to 1.6 microns m »engt6- 
Lirring singly and in pairs. 

lotile. Gram-negative. 

Gelatin colonics: Minute, 

Gelatin stab; Surface 
;h, the medium taking on a red ting- 

^o liquefaction. 
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Agar colonies; Small, white, with 
erose margin. 

Agar slant: White, smooth, glistening, 
somewhat luxuriant, the medium taking 
on a wine red color. 

Broth: Turbid with white pellicle, the 
medium slowly assuming a reddish tinge. 

Litmus milk: Acid, with slow coagula¬ 
tion and reduction of the litmus. Be¬ 
coming alkaline. 

Potato: A heavy, white, creamy layer, 
which later becomes yellowish-brown. 
Indole not produced. 

Nitrites produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 25^0. No 
growth at 37®C. 

Habitat: Water. 

49. Bacterium rubidum (Eisenberg) 
Chester. {Bacillus rubidus Eisenberg, 
Bakt. Diag., 3 Aufl., 1891, 88; Bacterium 
rubidus (sic) Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 107 and 115; 
Serralia riibida Levine and Soppeland, 
Iowa State Coll. Engineering Exp. Sta. 
Bull. 77, 1926, 53.) From Latin rubidus, 
red. 

Description from Eisenberg (loc. cU.). 
Levine and Soppeland {loc. cil.) found 
an organism in buttermilk which they 
identified as Serralia rubida. Their de¬ 
scription is more complete than that 
given by Eisenberg but differs from the 
original in several respects. 

Rods: Medium size with rounded ends, 
often in long chains. Motile. 

Gelatin colonies: Circular, finely gran¬ 
ular, entire, with reddish center. Slow 
growth. 

Gelatin stab: Liquefaction. Brown¬ 
ish-red sediment. 

Agar colonies: Small, flat, smooth, 
amorphous, entire, brownish-red. Slow 
growth. 

Agar slant: Brownish-red streak. 
Spreading over surface. 

Potato: Brownish-red growth. 

Blood serum liquefied, red pigment. 
Aerobic, facultative. 

Does not grow well at 37®C. 

Source: Water. 


50. Bacterium latericeum (.\damctz) 
Lehmann and Neumann. {Bacillus la- 
lericeus Adametz, Die Bakterion dcr 
Trink- und Nutzwasscr, Mitteil. der 
oestrr. Versuchsanst. f. Brauorei u. 
Malzerei in Wien, 1888, 50; Bacillus 
enjlhraeus Trevisan, I generi c le specie 
delle Batteriacee, 1880, 19; Bacterium 
latericeum Lehmann and Neumann, 
Bakt. Diag., 1 Aufl., 2, 1896, 258; Serratia 
latericea Bergey et al.. Manual, 1st cd., 
1923, 94.) From Latin latericeus, brick. 

Rods: 0.5 to 0.7 by 1.0 to 1.3 microns. 
Non-motile. Gram-negative. 

Gelatin colonies; Small, white, granu¬ 
lar, with slightly irregular margin. 

Gelatin stab: \ thin, dry, spreading, 
cream-pink surface growth. No lique¬ 
faction. 

.•\gar colonics: Dry, glistening, whit¬ 
ish, with irregular margin. 

.\gar slant: Brick-red, smooth, glis¬ 
tening, butyrous. 

Broth: Thick pellicle; flui<l clear. 

liitmiis milk: .\lkalinc. 

Potato: Brick-red streak. 

No gas from carbohydrate media. 

Indole not produced. 

Nitrites produced from nitrates. 

.Aerobic, facultative. 

Optimum temperature 25® to 30®C. 

Habitat: Water. 

51. Bacterium alginicum Waksmari, 
Carey and .Alien. (Jour. Bact., 28, 1931, 
213.) 

Rods short to almost spherical, 0.6 to 
1.0 micron in diameter. Sluggishly 
motile. Capsule-forming. Gram- 
negative. 

Alginic acid plate: White, finely 
granulated colonies, with entire margin. 
Does not clear up the turbidity in plate. 
Odor formed, resembling that of old 
potatoes. 

Alginic acid liquid medium: Thin 
pellicle, weak alginase formation. 

Sea water gelatin: Thin growth 
throughout gelatin stab, no liquefaction 
in 7 days at 18®C. 

Agar liquefaction: None. 

Sea water glucose broth: Uniform but 
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very limited turbidity; no pellicle; no 
sediment. 

Litmus milk containing salt: No ap¬ 
parent growth. 

Potato moistened with sea water: 
Moist, spreading growth, cream-colored; 
heavy sediment in free liquid at bottom. 

Starch plate: Limited, pale blue 
growth; no diastase. 

Aerobic. 

Optimum temperature 20®C. 

Source: From sea water, and from the 
surface of algal growth. 

Habitat: Common in sea water. 

52. Bacterium terrestralglnicum Waks- 
man et al. (Waksman, Carey and 
Allen, Jour. Bact., 28, 1934 , 217.) 

Long rods, with somewhat rounded 
ends, usually single, but also in pairs, 
and occasionally in chains of shorter 
rods. 1.0 to 1.5 by 1.5 to 2.5 microns. 
Motile. Granular. Gram-negative. 

Alginic acid plate: Colonies small, 
whitish in appearance with a slight 
metallic sheen. 

Alginic acid liquid medium: Medium 
at first clouded. Later, a pellicle is 
formed on the surface of the medium, 
which is soon broken up due to active 
gas formation. Reaction of medium 
becomes slightly alkaline. 

Gelatin medium: Slow* growth through¬ 
out stab, slow liquefaction at surface 
of medium at IS^C. 

Agar liquefaction: None. 

Glucose broth: Abundant turbidity, 
some sediment, no pellicle, slightly 
fluorescent. 

Litmus milk: Acid, milk coagulated, 
only limited digestion of coagulum. 

Potato: Abundant, pinkish, compact, 
dry growth on surface of plug, the rest 
of plug becoming gray, w'ith a tendency 
to darkening. 

Starch plate; Limited growth along 

streak, no diastase. 

Aerobic to facultative anaerobic. 

Optimum temperature 30®C. 

Source: From New Jersey soil. 

Habitat: Soil. 


53. Bacterium cygnl Migula. (Septi- 
kamiebacillus der Schwane, Fiorentini, 
Cent. f. Bakt., 19, 1896, 935; Migula, 
Syst. d. Bakt., 2, 1900, 365; Bacillus 
cygneus Chester, Manual Determ. Bact., 
1901, 221.) From Latin cygnus, swan. 

Rods: Motile. Gram-negative. 

This organism may have been the 
fowl cholera or septicemia organism 
{Pasleurclla avicida Trevisan); but is 
more probably closely related to the 
organism which causes keel in ducklings 
{Salmonella anatis Rettgcr and Scoville). 
Source: From a swan. 

Habitat: The cause of an infectious 
disease of swans in the city park at 
Milan, Italy in 1895. 

54. Bacterium cyprlnicida Plchn. 
(Piehn, Cent. f. Bakt., I Abt., Orig.. 
55, 1903-04, 461; Klebsiella cyprinicida 
Bergey et a!., Manual, 2nd ed., 1925, 
266.) From Greek kyprmos, carp and 

Latin caedo, to kill. 

Rods: 0.8 by 1.0 micron, occurring 
singly and in chains. Capsulated. 
Non-motile. Gram-negative. 

Gelatin colonics: White, glistening, 
conve.\, with slight fluorescence around 
the colony in three or four days. 
Gelatin stab: White, convex surface 

growth. No liquefaction. 

Agar slant: White, glistening layer, 

becoming slimy. . 

Broth: Turbid, with thick gray pellicle 

and slimy sediment. 

Litmus milk; Slightly alkaline. ^ ® 

coagulation. , 

Potato: Light yellowish layer, be¬ 
coming dark brownish. The medium is 

dark violet-gray. 

Indole not formed. 

Nitrites not produced from nitrate - 
No acid from carbohydrate media. 
Aerobic, facultative. 

Optimum temperature 10® to 2 • 

Habitat: The cause of a fatal ebsea 
in carp, showing as red spots on 
ventral surface. 

65. Bacterium paiTulum Conn. (N.Y- 
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Agr. Exp. Sta. Bui. 494,1922,26.) From 
Latin, very small. 

Very small rods: 0.1 to 0.2 by 0.3 to 
0,5 micron. Non*motile. Gram-nega¬ 
tive. 

Gelatin plate: Punctiform colonies. 

Agar plate: Punctiform colonies. 

Grows poorly in liquid media. 

Indole not formed. 

Nitrites produced from nitrates. 

No acid from glucose, lactose, sucrose, 
glycerol or ethyl alcohol in either liquid 
or solid media. 

Starch not digested. 

Optimum temperature 25®C. 

Strictly aerobic. 

Distinctive character: Causes strong 
volatilization of ammonia from a mix¬ 
ture of horse feces and urine. 

Source: From manure. 

Habitat: Soil. 

56. Bacterium methylicum (Loew) Mig- 
ula. {Bacillus melhylicus Loew, Cent, 
f. Bakt., 1$, 1892, 465; Migula, Syst. d. 
Bakt., S, 1900,447.) From the chemical 
term, methyl. 

Short, thick rods: 1.0 by 2.0 to 2.5 
microns. Gram stain not recorded. 


Gelatin colonies: .Vfter 2 days, round 
to oval, yellowish, entire; later edges 
ciliate. Liquefaction. 

Glucose gelatin stab: Liquefaction 
crateriform. Whitish-yellowish sedi 
ment. No liquefaction in depth. 

Glucose gelatin stab: In depth, little 
or no growth, slowly liquefied near 
surface. 

Agar stab: Surface growth spreading, 
grayish-white. No growth in depth. 

Broth: No turbidity. On the surface 
and adherent to the walls, a white ring 
which precipitates on shaking. 

Potato: Growth very slow, pure white, 
adherent. 

Grows well in 0.5 per cent methyl 
alcohol, 0.05 per cent dicalcium phos¬ 
phate, and 0.01 per cent magnesium sul¬ 
fate, on which broth it forms a reddish 
pellicle. 

Possesses the ability to decompose 
formaldehyde and formic acid salts with 
formation of a reddish pellicle. 

Aerobe. 

Source: A culture contamination from 
the air. 

Habitat: Probably soil. 


Appendix I: A few of the numerous Gram-negative, motile or non-motile, non- 
spore-forming rods that do not belong in the groups previously listed in this genus 
are described here. All have been placed in the genus Bacillus by those who have 
described them, although none form spores. 

I. Produce a pink to red chromogenesis. 

A. Motile. 

1. Bacillus lactorubefaciens. 

B. Non-motile. 

1. Gelatin liquefied. 

2. Bacillus rubricus. 

3. Bacillus rufus. 

2. Gelatin not liquefied. 

a. Salmon pink on agar. 

4. Bacillus mycoides corallinus. 

aa. Vinous red on agar. 

5. Bacillus brunUii. 

n. Produces a water-soluble orange to emerald green pigment. 

A. Motile. 

1. Gelatin liquefied. 


6. Bacillus aurantiaeus tingiianus 



m 


^L\^'UAL OF DETERMIXATIVE BACTERIOLOGY 


1. Bacillus lactorubefaciens Gruber. 
(Gruber, Cent. f. Bakt., 11 Abt., 8 , 
1902. 457; Serralia lactorubefaciens Ber- 
gey et al., Manual, 1st etl., 1923, 92.) 
From Latin, to make milk red. 

Small rods: 0.4 to O.G by 3.5 microns, 
occurring singly and in pairs. Motile 
with peritrichous flagella. Oram reac¬ 
tion not given. 

Gelatin colonies: Grayish-white, 
smooth, glistening, spreading. 

Gelatin stab: .\t times arborescent; 
the medium tinged with red. Xo lique¬ 
faction. 

.\gar colonies: ('irciilar, lobed, grayish, 
contoured. 

.\gar slant: White, spreading growth. 
Broth: Turbid, with grayish pellicle 
and slimy sediment. 

Linuis milk: Becomes rose red, slimy, 
slightly acid, without coagulation, 
l^otato: White, spreading growth. 

Xo gas from carbohydrate media. 
Indole not produced. 

Xitrites produced from nitrates. 
Aerobic, facultative. 

Optimum temperature 25®C. 

Habitat: Milk. 

2. Bacillus rubricus llelTeran, (Hef- 
feran, Cent. f. Bakt., II .\bt., II, 1903, 
403; Enjlhrohacillus rubricus Holland, 
Jour. Bact., 5, 1920, 220; Serratia rubrica 
Bergey et al., Manual, 1st ed., 1923, 313; 
Chromobactcrium rubricum Topley and 
Wilson, Brine. Bact. and Immun., I, 
1931, 402.) 

Rods: 0.7 to 0.9 by 1.0 to 4.0 microns, 
occurring singly. Xon-motilc. Gram 
reaction not given. 

Gelatin colonies: Small, circular, yel¬ 
low-orange, deepening to red. 

Gelatin stab: Slow liquefaction. Old 
cultures lose this property. 

Agar colonies: Circular, raised, entire. 
Agar slant: Moist, spreading, white to 
pink, gradually deepening in color. 
Broth: Turbid, with viscid sediment. 
Litmus milk: Alkaline. 

Potato: Slight growth, bright pink, 
turning coral red. 

Indole not produced. 

Nitrites not produced from nitrates. 


No acid or gas from carbohydrate 
media. 

Aerobic, facultative. 

Optimum temperature 25® to 30®C. 
Xo growth at 37®C. 

Source: Isolated from Mississippi 
river water, also from buttermilk. 


3. Bacillus nifus Hefferan. (Hef- 
feran, Cent. f. Bakt., II Abt., U, 1903i 
313; Ert/throbacillus rufus Holland, Jour. 
Bact., 5, 1920, 220; Serratia rufa Bergey 
et a!., Manual, 1st ed., 1923, 95.) From 
Latin rufus, red. 

Differs from Bacillus rubricus in show¬ 
ing more luxuriant growth on potato and 

slower action in milk. 

Source: From Mississippi River water. 


4. Bacillus mycoides corallinus Hef- 
eran. (Hefferan, Cent. f. Bakt., I 
tbt., II, 1903, 459; Serratia corallina 
iergey et al., Manual, 1st ed., 1923, 93.) 

Small, slender rods: 1.2 to 2.0 microns 
n length, occurring singly and in pairs. 
Son-motile. Gram reaction not given. 
Gelatin colonies: Minute, becoming 

)ink, smooth, raised. . 

Gelatin stab: Slow growth. Ba*sed. 

;mooth, glistening, pink surface grow t »■ 

'ine, feathery growth in stab. Xolique 
action. 

.Agar colonies: Minute, with filamen 
ous margin. 

Agar slant: Smooth, moist, salmon 

)ink. ^ , 

Broth: Turbid, with pink flakes 

lurface. , 

Litmus milk: Alkaline, with re 

ace. 

Potato; Like agar slant. 

Indole not formed. 

Xitrites produced from nitrates. 

Xo gas from carbohydrate media. 
Aerobic, facultative. ^ 

Optimum temperature 25® to ’ . 
Source: Isolated from Mississ PP 

•iver water. 

5. Bacillus bnintzii Xepveux. 

reux, Compt. rend. Soc. Bio - | 

'S, 1920, 242; Th^se, Fac. de 

Fouve et Cie, Pans, 19 . 

Serralia brunlzii Bergey et al.. 
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3rd ed., 1930, 125.) Named for Prof. 
Bruntz of Paris. 

Bacillus roseus Jluorescens Mar- 
chal (Trav. Lab. Microbiol. Fac. 
Pharm. Nancy, 1937, 00) is regarded by 
Lasseur (personal communication, 1938) 
as identical with Bacillus brunizii 
Nepveux. 

Rods: 0.3 to 0.5 by 1.25 to 1.5 microns, 
occurring singly and in pairs. Xon- 
motile. Gram-negative. The cells 
store volutin and glycogen as reserve 
materials. 

Gelatin colonies: Circular, gray, 
smooth, contoured, glistening, undulate 
margin, becoming red. 

Gelatin stab: No liquefaction. 

Agar colonies: Circular, flat, smooth, 
contoured, radiate margin, vinous red. 

Agar slant: Smooth, echinulate, bu- 
tyrous, vino\is red in color. 

Broth: Turbid. 

Litmus milk: Unchanged. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid from glucose, fructose, maltose, 
lactose, sucrose, mannitol, dulcitol and 
glycerol. 

Aerobic, facultative. 

Optimum temperature 20° to 25°C. 

Habitat: Water. 

6 . Bacillus aurantiacus tingitanus 
llemlinger and Bailly. (Compt. rend. 
Soc. Biol. Paris, 119, 1935, 246.) 

Short rods; Usually 2 to 3 microns, 
sometimes 5 to 6 microns long. Actively 
motile. Gram-negative. 

Growth occurs on all the ordinary 
nutrient media. Fluorescent bright 
orange pigment. 


Gelatin: Rapid liquefaction. 

Milk: Slow coagulation. 

Synthetic broth: Lasseur, Dupai.K- 
Lasseur and Marion (Trav. Lab. Micro¬ 
biol. Fac. Pharm. Nancy, Fasc. 0, 1036, 
34) recognize two rougli ty])cs of this 
organism, one of which forms a smooth 
and the other a wrinkled pellicle. The 
smooth typo gives a rough (pH 4.7) or a 
smooth (pH 6.3) pellicle according to the 
pH of the medium. 

Indole not formed. 

Artichoke media: Luxuriant growth. 
Emerald green pigment produced. On 
transferring the culture to potato, the 
bright orange pigment reappears. 

Coagulated serum: No liquefaction. 

Acid from sucrose, lactose, glucose, 
mannitol and maltose. 

Non-pathogenic. 

Optimum pH 6.6. No growth at pH 
6.2, but grows at pH 7.8. 

Optimum temperature 20°C. Good 
growth from 15° to 37°C. 

Aerobic. 

Pigment: Orange or capucinc pigment 
which diffuses throughout the medium. 
Not affected by the presence or absence 
of light. Pigment production depends 
on the growth of the culture, not on the 
acidity of the medium. Insoluble in 
acetone, amyl alcohol and gasoline. 
Partially soluble in ether and ethyl 
alcohol which arc colored yellow. 

Distinctive character: A fluorescent 
pigment of an unusual shade (bright 
orange). 

Source: From water at Tangiers. 

Habitat: Presumably water. 


Appendix II:* The anaerobic genus Methanobacterium was proposed tentatively 
by Kluyver and Van Kiel in 1936 with indication that they regarded Sohngen’s moth- 
ane bacterium as the type species of the genus. Later, Barker (1936) found or- 
ganisms that he regarded as identical with those previously isolated by Sohngen and 
he proposed the name Melhanobaclerium sdhngenii for this species. A second species 
found at the same time was named Methanobacteriujn omelianskii and it was identified 
as the species previously described but not named by Omeliansky. At the time, he 
felt that these anaerobes should be included in the family Mycobacteriaceae (1936, 


* The manuscript for this section has been reviewed by Dr, H. Albert Barker, 
University of California, Berkeley, California, February, 1946. 
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p, 422). In 1940, he discovered that the second species produced spores. In a per¬ 
sonal communication (March 20,1945) he suggests that further work is needed before 
the relationships of these organisms can be clarified. 

Genus A. Methanobacterium Kluyver and Van Niel. 

(Cent. f. Bakt., II Abt., 94, 1936 , 399.) 

Straight or slightly bent rods, sometimes united in bundles or long chains. Usu¬ 
ally non-motilo. Endospores sometimes formed. Anaerobic. Chemo-heterotro- 
phic or chemo-autotrophic oxidizing various organic or inorganic compounds and 
reducing carbon dioxide to methane. Gram-variable, usually negative. 

The type species is Methanobacterium soehngenii Barker. 


1. Methanobacterium soehngenii Bar¬ 
ker. (Methane bacterium, Sohngen, Dis¬ 
sertation, Delft, 1900; Barker, Arch. f. 
Mikrobiol., 7, 1930, 433.) Named for 
Prof. N. L. Sohngen who first studied 
this organism. 

Rods: Straight to slightly bent, moder¬ 
ately long. Non-motile. Non-spore¬ 
forming. Gram-negative. 

In liquid cultures cells arc character¬ 
istically joined into long chains which 
often lie parallel to one another so as to 
form bundles. 

Acetate and n-butyrate but not pro¬ 
pionate are fermented with the produc¬ 
tion of methane and carbon dioxide. 

Ethyl and n-butyl alcohols not fer¬ 
mented. 

Obligato anaerobe. 

Source: Enrichment cultures contain¬ 
ing acetate or butyrate as the only 
organic compound. Four strains were 
isolated from acetate enrichment cul¬ 
tures. The cultures were highly purified 
but not strictly pure. 

Habitat: Canal mud, sewage. Prob¬ 
ably occurs widely in fresh water sedi¬ 
ments where anaerobic conditions pre¬ 
vail. 


2. Methanobacterium omelianskll Bar¬ 
ker. (Bacille de la decomposition m4- 
thanique de I'alcohol ethylique, 
Omeliansky, Ann. Inst. Past., SO, 1916, 
80; Barker, Arch f. Mikrobiol., 7, 1936, 
436; also see Barker, Antonie van Leeu¬ 
wenhoek, 0, 1940, 201 and Jour. Biol. 
Chem., 1S7, 1941, 153.) Named for 
Piof. W. Omeliansky who first observed 
the organism. 


Rods: 0.6 to 0.7 by 1.5 to 10 microns, 
usual length 3 to 6 microns, unbranched, 
straight or slightly bent. Usually non- 
motilc, occasionally feeble motility is 
observed. Spores of low heat resistance 
formed, spherical, terminal, swelling the 
rods. 

Primary alcohols, including ethyl, 
propyl, n-butyl and n-amyl alcohols, are 
oxidized to the corresponding fatty 
acids. Secondary alcohols, including 
isopropyl and sec-butyl, are o.xidized to 
the corresponding ketones. Hydrogen 
is oxidized. 

Fatty and hydroxy acids, glucose, 
polyalcohols and amino acids are not 
attacked. 

Carbon dioxide is used and converted 
to methane. Growth and alcohol oxida¬ 
tion are directly proportional to t e 
carbon dioxide supply at low concen- 


itions. 

Nitrate, sulfate and oxygen cannot be 

ed as oxidizing agents. 

Utilizes ethyl alcohol best of all or- 

nic compounds. 

Utilizes ammonia as a nitrogen source 
Growing range: pH 6.5 to^S.l. 
Optimum temperature 37“ to 4 
aximum 46“ to 48“C. 

Obligate anaerobe. 

Source: Soil, fresh water and ma 
ids, rabbit feces, sewage. Pu^ 
res were isolated from fresh water 

rriae muds (Barker, loc. «<•, 
Habitat: Wherever orgaa.c matW ^ 
composing in an anaerobic, app 
itely neutral environment. 
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Appendix HI: Miscellaneous species of 
non-motiIe,or motile, non-spore-forming 
rod-shaped bacteria not previously listed 
or described. 

Ascobacterium luieum Babes. (Babes, 
in Cornil and Babes, Lcs Baetdries, 3rd 
ed., 1 , 1890, 155; also see Petri, Cent. f. 
Bakt., II Abt., 26, 1910, 359.) From 
water in Budapest (Babes) and the olive 
fly (Petri). 

Bacillus a, b, c, d, c,/, h and i, Vignal. 
(Arch. d. phys. norm, et path., Sdr. 3, 
8, 1886, 350-373; also see Flavobacteriujn 
buccalis Bergey et al. and Bacillus bucca- 
lis fortuilus Sternberg.) From saliva 
and the teeth. 

Bacillus acido-arornaticus Van der 
Leek. (Cent. f. Bakt., II Abt., 17, 1907, 
652.) From milk. 

Bacillus acutangulus Migula. (No. 13, 
Lembke, Arch. f. Hyg., 29, 1807, 319; 
Migula, Syst. d. Bakt., 2 , 1900 , 680.) 
From feces. 

Bacillus aculus Kern. (Arb. bakt. 
Inst. Karlsruhe, 7, Heft 4, 1896, 433.) 
From the stomach of a bird. 

Bacillus adamelzii Migula. (Bacillus 
No. XIII, Adametz, Landwirtsch. 
Jahrb., 18, 1889, 246; Migula, Syst. d. 
Bakt., 2, 1900, 686; not Bacillus adametzi 
Trevisan, I generi c Ic specie delle 
Batteriacee, 1889, 19.) From cheese. 

Bacillus aeris Chester. (Bacillus vio- 
laceus sacchari Ager, N. Y. Med. Jour., 
1894, 265; see Dyar, Ann. N. Y. Acad. 
Sci., 8, 1895, 369; Bacterium violaceous 
sacchari Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 116; Chester, 
Man. Determ. Bact., 1901, 260.) From 
air. Produces a violaceus black pigment 
in old cultures in milk. 

Bacillus aerobius Doyen. (Bacillus 
urinae aerobius Doyen, Jour. d. connaiss. 
mddic., 1889, 107; Doyen, ibid., 108.) 
Prom urine. 

Bacillus aerogenes Miller. (Miller, 
Deutsche med. Wchnschr., IS, 1886,119; 
see Miller, Die Mikroorganismen der 
Mundhdhle, Leipzig, 1889, 262; not Ba¬ 


cillus aerogenes Kruse, in Flugge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 340.) 
From the stomach. 

Bacillus aerogenes spuligenus capsula- 
tus Herla. (Arch, de Biol., 14, 1895, 403; 
abst. in Cent. f. Bakt., 25, 1899, 359.) 
From the blood of a mouse which had 
been inoculated with the sputum of a 
pneumonia patient. 

Bacillus aeschijnomenus Trevisan. 
(Bacille do Pair j, Babes, in Cornil and 
Babes, Les Bact(Sries, 2nd od., 1886, 150; 
Trevisan, I generi e le specie delle Bat- 
teriacce, 1889, 20.) From air. 

Bacillus aSlhebius Trevisan. (Bacille 
de Pair c, Babes, in Cornil and Babes, 
Les Baetdries, 2nd cd.,18S6, 149; Trevi¬ 
san, I generi e Ic specie delle Batteriacee, 
1889, 20.) From air. 

Bacillus agilis Trevisan. (Bacillus 
der Vagus-Pneumonie, Schou, Fortschr. 
d. Medicin, S, 1885, No. 15; Bacillus 
pneumonicus agilis Flugge, Die Mikro¬ 
organismen, 2 Aufl., 1886, 262; Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 14; not Bacillus agilis Tschisto- 
witsch, Berl. klin. Wochnschr., 1892, 512; 
not Bacillus agilis Chester, Man. Do- 
term. Bact., 1901,226; not Bacillus agilis 
Mattes, Sitzungsber. d. Gesclls. z. 
Beforderung d. gesam. Naturw. z. Mar¬ 
burg, 62, 1927, 406; not BacMlus agilis 
Hauduroy et al., Diet. d. Bact. Path., 
Paris, 1937, 33; Bacterium pneumonicus 
agilis Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 140; Bacterium 
vagus pneumonic Chester, ibid., 144; Ba¬ 
cillus pneumonicus Migula, Syst. d« 
Bakt., 2, 1900, 752.) From the lungs cf 
rabbits having vagus pneumonia. 

Bacillus agilis Mattes. (Sitzungsber. 
d. Gesells. z. Beforderung d. gesam. 
Naturw. z. Marburg, 62, 1927, 406.) 
From the Mediterranean flour moth 
(Ephestia kuehniella). 

Bacillus agillimus DeToni and Trevi¬ 
san. (Bacillus luteus putidus Maggiora, 
Giorn. d. Soc. ital. dTgienc, 11, 1889,344; 
DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8 , 1889, 969.) From 
the skin. 
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Bacillus ay nor urn Trovisan. (Baclc- 
riurn sal.tile aynoruni IJivolta, (iiorii. di 
Anal, fisiol. di'jili aniiuali, 31 and 
1883, 78; Trovitfan, I goneri e le specie 
delle Battcriaeee, 1880, 13.) From dis¬ 
eased lambs. 

Bacillus alaccr Kckstein. (Ztschr. f. 
Forst- u. .IaKd\ve.sen, ^6, 1804, 13.) 
Fouiul as.sociaU‘d with tiie eggs of the 
nun moth il.ipnantria mouacha). 

Bacillus alalus OrioK Smith. {Proc. 
Linn. Sue. New So. Wales. 30. 1005, 570.) 

Barillus aloalus Kern. (Arb. bakt. 
Inst. Karlsrulie, 1, Heft 4, 1800, 40S.) 
Fnnn tlie stomach an<l intestines of a 
bird. 

Bacillus alhus Pairliani, Mafjgiora and 
Fratini. (Weisser Bacillus, Kisenberg, 
Bakt. Uiag., 1 AuH., 1886, Table 7; 
Pagliani et al., Hiorn. d. Soc. ital. 
d’lgieiie, .9. 1887, 587; not Bacillus albus 
Trevisan, 1 generi e le specie delle 
Batteriacec, 1880, 14; not Bacillus albus 
Bcrgey et al., Manual, 3rd ed., 1030, 398; 
Bacterium albus Che.ster, .\nn. Kept. 
Del. C’ol. Agr. lOxp. Sta., 0, 1807, 76.) 
From water. 

Bacillus albus anaerobiescens Vaughan. 
(Amer. Jour. Med. Sci., !04, 1802, 101.) 
From water. 

Bacillus allius pulidus DcBary. 
((Quoted from Sternberg, Man. of Bact., 
1803, 675.) From water. 

Bacillus albus-pulidus Chester. (Ma- 
schek, see Adametz, Bakt. Xutz. u. 
Trinkwiisser, 1888; Chester, Man. De¬ 
term. Bact., 1001, 237.) From water. 

Bacillus albus putriJus Vaughan. 
(Amer. Jour. Med. Sci., 104, 1892, 186.) 
From water. 

Bacillus alpha Dyar. (Ann. N. Y. 
Acad. Sci., 8 , 1895, 366.) From air. 

Bacillus amabilis Dyar. (Dyar, Ann. 
N. Y. Acad. Sci., 8 , 1895, 358; Bacterium 
ama6i7is Chester, Ann. Kept. Del. Col. 
Agr. E.xp. Sta., 0, 1897, 110.) From air. 

Bacillus amarillae Trevisan. (Bacille 
de la fi6vre jaune, Babes, in Cornil and 
Babes, Les Bact^ries, 2nd cd . 1886, 529; 


Trevisan, I generi e le specie delle Bat- 
teriacee, 1880, 13.) From a case of 
yellow fever. 

V 

Bacillus amarus Migula. (Bacillns 
liquejacicns lactis amari v. Freudenreich, 
Landwirtsch. Jahrb. d. Schweiz, 8 , 
1894; Migula, Syst. d. Bakt., 2, 1900,694; 
not Bacillus amarus Hammer, Iowa -4gr. 
Exp. Sta. Kes. Bull. 52,1019,19S.) From 


bitter milk. 

Bacillus amerimnus Trevisan. (B^^' 
cille de Fair b. Babes, in Cornil and 
Baljcs, Les Bacteries, 2nd ed., 1886, M9; 
Trevisan, I generi e le specie delie 
Batteriacec, 1880, 20.) From air. 

Bacillus amyydaloidcs Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
246.) From brine on salted pickles. 

Bacillus anceps Trevisan. (Bacille 
du mucus intestinal normal a, Babes, m 
Cornil and Babes, Les Bacteries, 2nd ed., 
18-86, 153; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 15.) Fioni nor¬ 
mal intestinal mucous. 

Bacillus fi/(//irac('/orw(S ilhelm> ■ 
(Arb. bakt. Inst. Karlsrulie, S, 1903, 28.) 

From meat extract. 

Bacillus anthracoides Trevisan. ( 
cille de Fair k, Babes, in Cornil an( 
Babes, Les Baetdries, 2n(l eel., ^ ' 
Trevisan, I generi e le specie (C c 
Batteriacee, 1889, 20; not Bacillus an- 
Ihracoides Kruse, in Flugge, Die ^ ‘ 
organismon, 3 Aufl., 1896, 232.) 
air. 

Bacillus annulatus Zimmerman 
(Bakt. unserer Trink- u. Nutzwiisser, 
Chemnitz, 2, 1894, 30.) From water. 

Bacillus anularius Henrici. ■ 

bakt. Inst. Karlsruhe, /, Heft 1, ‘ 


.) From Emmenthal cheese. 

Bacillus apicuTH Kruse, g"*/ 

ti Soc. Ven. Trent. Sci. Nat., 1 » 

4; Kruse, in Flugge, Die Mikroorgams 
.n, 3 Aufl., 1896, 233.) From m- 

rted bees and their larvae. 

Bacillus apisep/icus Burnside. ^ 

.on. Ent., 1928. 379.) Pathogemc 

r the honey bee (Apis melUJera). 
Bacillus aquatilis Migula. (Bacillus 


FAMILY BACTERIACEAE 


049 


aquatilis sulcatus IV, Weichselbaum, 
Das osterreichische Sanitatswcsen, 1S89, 
No. 14-23; Bacterium aquatilis sulcatus 
quartus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 72; Migula, Syst. 
d. Bakt., 2, 1900, 733; not Bacillus aqua¬ 
tilis Frankland and Frankland, Ztschr. 
f. Hyg., 6 , 1889, 381; Bacillus aquatilis- 
sulcatus-quarlus Chester, Man. Determ. 
Bact., 1901, 216.) From water. 

Bacillus aquatilis Trevisan. (Bacille 
de I’eau a, Babes, in Cornil and Babes, 
LesBactdries,2nded.,18S6,167;Trevisan, 

I generi e le specie delle Batteriacee, 
1889, 19; not Bacillus aquatilis Frank¬ 
land and Frankland, Ztschr. f. Hyg., 6’, 
1889,381.) From water. 

Bacillus aquatilis cornmunis Kruse. 
(Kruse, in Flugge, Die Mikroorganismen, 
3 Aufi., 2, 1896, 315; Bacterium aquatilis 
comtmmis Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 91.) Found 
* commonly in water. Listed by Kruse 
as a non-chromogenic strain of Bacillus 
fluorescens liquefaciens (PsertdomoJias 
Jluorescens Migula). 

Bacillus arborescens Jamieson and 
Edington. (Brit. Med. Jour., t, 1887, 
1265.) From the desquamation of scar¬ 
let fever patients. 

Bacillus arhoreus Migula. (Baum- 
chenbacillus, Maschek, Bakt. IJnter- 
such. d. Leitmeritzer Trinkwiisser, Leit- 
meritz, 1887; Migula, Syst. d. Bakt., 2, 
1900, 710.) From water. 

Bacillus aromaticus Beijerinck. 
(Quoted from Van der Leek, Cent. f. 
Bakt., II Abt., 17, 1907, 490; not Bacillus 
aromaticus Pammel, Bull. 20, Iowa .'Vgr. 
Exp. Sta., 1893, 792; not Bacillus aro- 
malicus Grimm, Cent. f. Bakt., II Abt., 
8 , 1902, 589; not Bacillus aromaticus 
Van der Leek, loc. eit., 659.) From 
milk. 

Bacillus aromaticus Van der Lock. 
(Van der Leek, Cent. f. Bakt., II Abt., 
17, 1907 , 659.) From soft cheeses. 

Bacillus assimilis Trevisan. (Bacille 
de Fair i, Babes, in Cornil and Babes, Les 
Bact($ric8, 2nd ed., 1886,150;Trevisan, I 


generi e le specie delle Batteriacee, 
1899, 20.) From air. 

Bacillus auraulius Trevisan. (Or- 
angerother V'asserbacillus, .\dametz and 
Wichmann, Mitth. Oest. \'ors. Stat. f. 
Brauerei u. Malz. in Wien,./, IS8S, 50; 
Trevisan, I generi e le specie delle 
Batteriacee, 1889,19; not Bacillus aurau- 
tius Bergey et al., Manual, 3rd ed., 1930, 
421.) From water. 

Bacillus aureus Eckstein. (Ztschr. f. 
Forst- u. Jagdwesen, 26, 1894, 9; prob¬ 
ably not Bacillus aureus Frankland and 
Frankland, Philos. Trans. Roy. Soc. 
London, 178, B, 1887, 272 and probably 
not Bacillus aureus Pansini, .\rch. f. 
path. Anat. u. Physiol., 122, 1890, 436; 
not Bacillus aureus .\dametz, ([uoted 
from Sternberg, Man. of Bact., 1893, 
621.) Capable of infecting the larvae 
of various insects. 

Bacillus azureus Zimmerniann. 
(Bakt. unserer Trink- u. Nutzwiisser, 
Chemnitz, 2, 1894, 24.) From water. 

Bacillus babesi Trevisan. (Bacille du 
mucus intestinal normal b, Babes, in 
Cornil and Babes, Les Baetdries, 2nd ed., 
1886, 153; Trevisan, I generi o le specie 
delle Batteriacee, 1889, 15.) From nor¬ 
mal intestinal mucus. 

Bacillus bcljantii Migula. (Eine neue 
pathogene Bakteriumart im Tetanus- 
material, Bclfanli and Pescarolo, Cent, 
f. Bakt.,4,1888, h\^\BacUlusaccidentalis 
telani Kruse, in Fliigge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 433; Bacte¬ 
rium accideutalis telani Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
88; Migula, Syst. d. Bakt., 2, 1900, 767; 
not Bacillus belfauli Carbone and V^m- 
turelli. Boll. Isl. Sieroter., Milan, 4, 
1925, 59; Bacillus accidentalis Chester, 
Man. Determ. Bact., 1901, 229.) From 
pus in a ease of tetanus. 

Bacillus benzoli Tnusson. (Planta, 7, 
1929, 735.) From soil. O.xidizcs ben¬ 
zene. 

Bacillus beribericus Trevisan. (Ca- 
ratt. di ale. nuov. gen. di Butt., 1885, 
12.) From eases of beri beri in Japan. 




650 


^L\NUAL OF DETERMINATIVE BACTERIOLOGY 


Also sec Ogatu, abst. in Cent. f. Bakt., 

3, 1888, To. 

Bacillus bcroliumsis Migula. tUuter 
Bacillus aus Wasser, rracnkel, Grundriss 
der Bakterienkunde, 8 AuH., 1890, 252; 
Bacillus ruber bcrolinehsis Kruse, in 
Mugge, Dio Mikroorgani.smen, 8 Aufl., 
2, 189C), 303; Bnrlcrium ruber beroUnensis 
Chester, Ann. liept. Del. Col. Agr. 
I-Ap. Sta., .9, 1807, 113; Migula, Syst. d. 
Bakt., ?, 1900,850; not Burillus beroliu- 
eusis C’hester, .Man. Determ. Bact., 
1901, 305.) From water. Bust-red to 
orange-yellow pignnnjt on potato. 

Bacillus beta Dyar. (.\nn. N. 5 . 
.\ead. Sei., 8 , 1895, 360.) From air. 

Bacillus bcyerinckii DeToni and Trevi- 
sail. {Bacillus raUcicoln var. liquc- 
fariens Beijcrinck, Hot. Zeitung, 1888, 
750; DcToni and Trevisan, in Saccardo, 
Syllogc Fungorum, 8 , 1889, 972; not Ba¬ 
cillus beijerinckii Henneberg, Ztschr. f. 
Spiritusindustrie, 26, 1003, 22; sec Cent, 
f. Bakt., II Abt., II, 1903, 159.) From 
soil and the roots of legumes. 

Bacillus billiiKjsi Chester. (Bacillus 
of corn-stalk disease of cattle, Billings, 
in Baumgurlen, Jahrcsb^richt, 1889, 181; 
Chester, Man. Determ. Buct., 1901, 214.) 
Isolated by Billings from corn-stalk 
disease of cattle, and by Xocar«l from 
bronchopneumonia in oxen. 

Bacillus bombycis Chatton. (Chatton, 
Compt. rend. AcaJ. Sci., Paris, 166, 1913, 
1708; not Bacillus bombycis Macchiuti, 
Stazioni spcrimentali Agrarie Italiane, 
20, 1891,121; Bacterium bombycis Paillot, 
’infection chez Ics insectes, 1933, 131.) 
From diseased silkworms {Bombyx mori). 

Bacillus bookeri Dyar. (Dyar, Ann. 
N. Y. Acad. Sci., 8, 1895,378; not Bacillus 
bookeri Ford, Studies from the Royal 
Victoria Hospital, Montreal, 1 ,1903, 31.) 
Found by Dr. Prucldcn in a case of cys¬ 


titis. 

Bacillus brachythrix DeToni and Trevi¬ 
san. (Bacillus G, Maggiora, Giorn. 
Soc. ital. d’lgiene, II. 1889, 348; DeToni 
and Trevisan, in Saccardo, Syllogc 


Fungorum, 8 , 1889, 967.) From the 
skin. 

Bacillus brunneus (Schroeter) Schroc- 
ter. (Bacteridiujn brunneum Schroeter, 
in Cohn, Beitr. z. Biol. d. Pflanz., 
Heft 2, 1872. 126; Schroeter, in Cohn, 
Kryptog. Flora v. Schlesien, 3 (1), 
1886,158; not Bacillus brunneus Adametz 
and Wichmann, Die Bakt. der Nutz- und 
Trinkwiisser, Wien, 1888; Baallus fuscus 
Fliiggo, Die Mikroorganismen, 2 Aufl., 
1886, 290; not Bacillus fuscus Ziinmcr- 
mann, Bakt. unserer Trink- u. Xulz- 
wiisser, C’hemnitz, /, 1890, 70.) Bac¬ 
terium hrutincum Schroeter or Cohn is 
given as a synonym by Fliigge (1886) anil 
by Trevisan (1889) but this appears to 
be an incorrect spelling of Bacleridium 
brunneum Schroeter. Neither Schroeter 
nor Cohn used Bacterium brunneum in 
1872 or later so far as can be determined 
by a careful study of their papers. 
From corn, wlieat and potato infusions. 

Bacillus buccalis fortuilus Sternberg. 

(Bacillus ], Vignal, Arch. Phys. norm, et 

path., S6r. 3, S, 1886, 337; Sternberg. 
Man. of Bact., 1893. 685; Bacterium bu- 
calls (sic) fortuitus Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 91 and 
130; Bacillus bucalis (sic) Chester, Man- 
Determ. Bact., 1901, 234; not Bacillus 
buccalis Trevisan, I generi e le specie 
delle Batteriacee, 1889, 15.) From t ^ 
mouth. 

Bacillus buccalis m«ci‘/erc«s -Mdk’', 
(Miller, Dental Cosmos, S3, lt>^C ' 
and 800.) From the blood. A slim\ 


psulated bacillus. 

Bacillus buccalis septicus * • 
liller. Dental Cosmos,53,1891, 792 an 
2.) From the mouth and in pus o ai 

iscess caused by a dental instrument. 
Bacillus butyri Migula. 

ri/, V. Kleeki, Cent. f. Bakt., / . ^ j 

T. Afi—.i.v c,.o» A i. 1900, V an». 


811.) From rancid butter. 

Bacillus caeci Ford. (Studies e 

the Royal Victoria Hosp., ' 

(5), 1903, 45; also see Jour. Med. 
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1, 1901, 217.) From the stomach and 
rectum. 

Bacillus canalensis Castellani. (Proc. 
Soc. Exp. Biol, and Med., 25, 192S, 540.) 
From human feces. 

Bacillus caiius Migula. (Grauer Ba¬ 
cillus, Maschek, Untersuch. d. Leitir.erit- 
zer Trinkwiisser, Leitmeritz, 1887; Mi¬ 
gula, Syst. d. Bakt., S, 1900, 711.) From 
water. 

Bacillus canus Eckstein. (Ztschr. f. 
Forst- u. Jagdwesen, 24, 189-1, 15.) 
From larvae of the nun moth (Lyniantria 
monacha.) 

Bacillus carabifonnis Raezyseki. 
(Diss. milit. medic. Acad. Petropolitanae 
Ruteniae, 1888; abst. in Cent. f. Bakt., 
6 , 1889, 113.) From the stomach of a 
dog. 

Bacillus carnis Wilhelmy. (Wilhelmy, 
Arb. bakt. Inst. Karlsruhe, 3, 1903, 21; 
not Bacillus carnis Klein, Cent. f. Bakt., 
II Abt., 35, 1903, 459.) From meat 
extract. 

Bacillus caseolyiicus Loebmann. 
(Cent. f. Bakt., I Abt., Orig., SI, 1902, 
385.) From the organs of guinea pigs 
which had been inoculated with tubercle 
bacilli. 

Bacillus cathetus Trevisan. (Bacille 
de Pair g, Babes, in Cornil and Babes, 
Les Bact<Srics, 2nd ed., 1886, 150; Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 20.) From air. 

Bacillus caviae Trevisan. (Bacille du 
mucus intestinal normal du cobaye e, 
Babes, in Cornil and Babes, Les Bac- 
Uries, 2nd ed., 1886, 154; Trevisan, I 
generi e Ic specie delle Batteriacee, 1889, 
15; Pasteurella caviae DeToni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8 , 
1889, 996; not Pasteurella caviae Haudu- 
roy et al., Diet. d. Bact. Path., 1937, 
313.) From the intestinal mucus of 
guinea pigs. 

Bacillus centralis Zimmermann. 
(Bakt. unserer Trink. u. Nutzwfisser, 
Chemnitz, 2 , 1894, 10.) From water. 
Bacillus charrini Trevisan. (Bacille 


de la pseudo-tubcrculosc bacillairc du 
cobaye, Charrin and Roger, Compt. 
rend. Acad. Sci., Paris, 106, 1888, 8G8: 
Trevisan, I generi c le specie delle Bat- 
teriacce, 1889, 13.) From pulmonary 
tuberculosis of guinea pigs. 

Bacillus chlorinus Migula. (Griingel- 
ber Bacillus, TatarofT, Inaug. Diss., 
Dorpat, 1891, 50; Migula, Syst. d. Bakt., 
2, 1900,820; not Bacillus chlorinusFrdnk- 
land and Frankland, Philos. Trans. Roy. 
Soc. London, 178, B, 1887, 274.) From 
water. 

Bacillus chyluriae Trevisan. (Bacil¬ 
lus of chyluria, Wilson, Brit. Med. Jour., 
No. 1249, 1884, 1128; Trevisan, Atti 
Acad. Med.-Fis.-Stat. Milan., Scr. V, 
3, 1885, 99.) From chyluria. 

Bacillus cUreus (Unna and Tommasoli) 
Kruse. {Ascobacillus citreus Unna and 
Tommasoli, Monats. f. prakt. Dermatol., 
9, 1890, CO; Kruse, in FHigge, Die Mikro- 
organisnien, 3 Aufl., 2, 1896, 309; not 
Bacillus atreus Frankland and Frank¬ 
land, Philos. Trans. Roy. Soc., London, 
178, 1887, B, 272; Bacterium cilreus Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 104.) From the human 
skin in cases of eczema. 

Bacillus ciiricus Kern. (Kern, .\rb. 
bakt. Inst. Karlsiuhe, /, Heft 4, 1896, 
426; not Bacillus ciiricus Weiss, ibid., 
2, Heft 2, 1902 , 234.) From the intes¬ 
tines of birds. 

Bacillus citrinus Migula. (Citrongcl- 
ber Bacillus, Maschek. Bakt. Untersuch. 
d. Leitmeritzer Trinkwasser, 1887; Mi¬ 
gula, Syst. d, Bakt., 3,1900, 832.) From 
water. 

Bacillus cladogenes Trevisan. (Bac- 
t5rie de Pair No. 3, Babes, in Cornil and 
Babes, Les Bactdrics, 2nd ed., 1886,140; 
Trevisan, I generi e le specie delle 
Batteriacee, 1889, 20.) From air. 

Bacillus claviformis Doyen. (Bacillus 
urinae claviformis Doyen, Jour. d. con- 
naiss. mddic., 1889, 106; Doyen, ibid., 
108; Bacillus doyeni DeToni and Trevi- 
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san. in Saccardo, Syilogc Fungorum, 8 , 
1<S89, 940.) From urino. 

Bncilbis ciconi Picard. (Hull. Soc. 
d’Ktudc ot do Vulgarisation Zool. Agric., 
7^, 1013, 134.) A fluoroscont cocco- 
hacillus. From disoased larvae of 
wecvil.s (Temnonhitiiis (Clconus) yjtendi- 
cus). 

BaciUiif! cocciiteus Catiano. (Catiano, 
in Cohn, Hcitr. z. Biol. d. Pflanz., 7, 
1S96, 339; not Bacillus cocctneus Pansini, 
Arch. f. path. Anat., 122, 1800, 437; 
Bacillus subcocciiieus Migula, Syst. d. 
Bakt.. 2, 1900, 857.) From the vagina. 
Reddish pigment. 

Bacillus cocruleo-viritlis Trevisan. 
(Blaugrun fluorescirendc Bacterium, 
Adametz, Mitth. Oest. \ers. Stat. f. 
Brauerei u. Malz. in Wien, 1, 1888, 46; 
Trevisan, I generi o le specie dellc Bat- 
teriacee, 1889 , 20; Baclerium coeruleo- 
viride DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 1087.) From 
water. 

Bacillus cocrulcus Eckstein. (Eck¬ 
stein, Ztsehr. f. Forst- u. Jagdwcsen. 26, 
1894, 14; not Bacillus cocruleus Smith, 
Med. News, 1887, 758; probably not 
Bacillus cocruleus \oges. Cent. f. Bakt., 
14, 1893, 301.) From larvae of the nun 
moth (Lymantria niouacha). 

Bacillus columbarum Chester. (Ba¬ 
cillus of pigeon cholera, Moore, U.S. 
D.A., Bur. Anim. Ind., Bull. 8, 1895; 
Chester, Man. Determ. Bact., 1901, 
209.) From a disease of pigeons. Had¬ 
ley et al. (Rhode Island Agr. Exp. Sta., 
Bull. 174, 1918, 178) regard this as prob¬ 
ably a paracolon. 

Bacillus constrictus Zimmermann. 
(Zimmcrmann, Bakt. unserer Trink- u. 
Nutzwiisser, Chemnitz, 1, 1890, 42; 

Bacterium constrictus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
112.) From water. 

Bacillus convolulus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 461; 
Bacterium convolulus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
101.) From river water. 

Bacillus coprogenes foetidus Sternberg. 


(Darmbacillus, Schottelius, 1885; Stern¬ 
berg, Man. of Bact., 1893, 468.) From 
the intestinal contents of pigs which 
had died of swine erysipelas. 

Bacillus coronaius Keck. (Inaug. 
Diss., Dorpat, 1890, 43.) From water. 

Bacillus corvi Kern. (.Arb. bakt. Inst. 
Karlsruhe. 1, Heft 4, 1896, 394.) From 
the stomach and intestines of birds. 

Bacillus courmontii Migula. (Cour- 
inont, Compt. rend. Soc. Biol., 

1889; Bacillus pseudotuherculosis similis 
Kruse, in Flugge, Die Mikroorganismcn, 

3 Aufi., 2, 1896 , 454; Migula, Syst. d^ 
Bakt., 2, 1900, 770.) From tubercles of 

cattle. 

Bacillus crassus Lucct. (Bacillus 
crassus pyogenes bovis Lucet, Ann. Inst. 
Past., 7, 1897, 327; Bacillus crassus pyo¬ 
genes Lucet, ibid., 327; Lucet, ibid., 328; 
Bacilius pyogenes crassus Kruse, m 
Flugge, Die Mikroorganismcn, 3 Aufl., 
2, 1896 , 343; Bacterium pyogenes crassus 
Chester, .Ann. Kept. Del. Col. Agr. ‘^P- 
Sta., 9, 1897, 141; Bacillus bovis Migula, 
Syst. d. Bakt., 2, 1900, 765.) From bo¬ 
vine abscesses. Regarded by Kruse as 
a synonym of Bacillus pneumoniae. 

Bacillus crinitus Migula. J ’ 

Lembke, Arch. f. Hyg-, 29, 

Migula. Syst. d. Bakt., 1900, 6/8.) 

From feces. p 

Bacillus cubonianus Cubom and ua 

bini. (Atti. dei Lincci, Ser. 4, ' 

26-27, quoted from ' 

Assoc. Extracell, with Insects and Ti » 
Minneapolis, 1942, 53; 
bonianus Macchiati, Staz. a 

Ital., 23, 1892, 228.) From silkft 

(Bombyx mori)- 

Bacillus cuenoti Mercier. ( “ 
enahnlichen Gebilden, Blochmann, 

Ztschr. f. Biol., U, 18S7, > i 
See. Biol., 

.\rch. f. Protistenkunde, 9. ^ 

From the fat body of the cockroar 

(Periplanela . 

Bacillus cunicuh MJgula. ^ ^ ^ 

seplicus cuniculi Lucet, Ann. n _ . 

1892, 5«; 

Kruse, in Flugge, Die Mikroorga 
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3 Aufl., 1896, 406; liucteriuni cuniculi 
septicus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 0, 1897, 76; Migula, Syst. 
d. Bakl., 2, 1900, 758.) Associated witli 
a spontaneous epizootic of rabbits. 

Bacillus cuniciilicida immobilis Kruse. 
(Kruse, in Flugge, Die Mikroorganis- 
men, 3 Aufl., 2, 1896, 417; liacterinm 
cu7uculicida immobilis Chester, Ann. 
Kept. Del. Col. .Vgr. Exp. Sta., 9, 1897, 
84; Bacterium cuniculidda var. immobile 
Chester, Man. Detcrm. Baet., 1901, 140.) 
Cause of a disease of rabbits. 

Bacillus cysliformis Clado. ((Quoted 
from Sternberg, Man. of Bact., 1893, 
649). From urine in a case of cystitis. 

Bacillus cystitidis Migula. (Cocco- 
bacillus aerogenes vesicae Schow, Cent. f. 
Bakt., 12, 1892, 749; Bacillus aerogenes 
vesicae Lehmann and Xeumaiin, Bakt. 
Diag., 1 Aufl., 2, 1896, 237; Bacterium 
aerogenes vesicae Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 128; 
Migula, Syst. d. Bakt., 2, 1900, 771; 
Bacillus aerogenes Chester, Man. De¬ 
term. Bact., 1901,227; not Bacillus aero¬ 
genes Miller, Deutsche ined. Wochnschr., 
12, 1886, 119; not Bacillus aerogenes 
Kruse, in Fliigge, Die Mikroorganis- 
mcn, 3 Aufl., 2, 1896, 340.) From urine 
in a ease of cystitis. 

Bacillus dacryoideus Migula. {Bacil¬ 
lus oogenes hydrosulfureus n, /^orken- 
dorfer, Arch. f. Hyg., 16, 1893, 389; 
Migula, Syst. d. Bakt., 2, 1900, 791.) 
From hens’ eggs. 

Bacillus decolor Eckstein. (Ztschr. f. 
Forst- u. Jagdwesen, 26, 1894, 15.) 
From the larvae of a butterfly {Vanessa 
utricae). 

Bacillus decolorans major Dyar. 
(Ann. N. Y. Acad. Sci., 8 , 1895, 362.) 
From air. 

Bacillus decolorans minor Dyar. 
(Ann. N. Y. Acad. Sci., 8 , 1895, 359.) 
From air. 

Bacillus defessus Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1896, 397.) 
From the stomach and intestines of 
birds. 

Bacillus delta Dyar. (Dyar, Ann. 


X. V. Acad. Sci., 8 , 1895, 368; Bacterium 
delta Chester, .Xnn. Kept. D('!. Col. .Agr, 
Exp. Sta., 9, 1S97, 114.) From water. 

Bacillus dcnitrificans (liltay and .\ber- 
son. (Giltay and .Vberson. Arch. X(^orl- 
Sci. exact, et nat., 25, 1891, 341; quoted 
from Sternberg, .Man. of Bact., 1893, 
727; not Bacillus denitrijicans Migula. 
Syst. d. Bakt., 2, 1900, 790; not Bacillus 
denitrijicans ('host or, .Man. Dcterm. 
Bact., 1901, 274.) From soil and air. 

Bacillus demtrojluorescens van Itorson. 
(Cent. f. Bakt., II Abt., 9, 1902, 772; 12, 
1904, HI.) Fluorescent. From soil. 

Bacillus dentalis viridans Miller. 
(Miller, Die Mikroorganismen der Muml- 
hohle, Leipzig. 1889, 218.) From carious 
teeth. 

Bacillus dermoides Tataroff. (Iiiaug. 
Diss., Dorpat, 1891, 19.) From water. 

Bacillus diaphanus .Migula. {Hah- 
baclerium pcllucidum Fiseher, Die Bak- 
terien des Mcercs, 1894, 22; Migula, Syst. 
d. Bakt., 2, 1000, 712.) From sea waler. 

Bacillus dijjluens Doyen. {Bacillus 
urinae dijlluens Doyen, Jour. d. coiinai.ss. 
m6dic., 1889, 107; Doyen, ibid., 108; not 
Bacillus dijlluens Castellani, 1015, sec 
Castellani an<l Chalmers, Man. Trop. 
Med., 3rd od., 1919, 943.) From urine. 

Bacillus digitatus Migula. (Bacillus 
Xo. 7, Pansini, Arch. f. path. .\nat., 122, 
1890, 443; Migula, Syst. d. Bakt., 2, 
1900, 659.) From sputum. 

Bacillus dissimilis Trevisan. (Bacil¬ 
lus I, Leube, Arch. f. path. Anat., 100, 
1885, 556; Trevisan, I generi e le specie 
dellc Batteriaceo, 1889,16.) From urine. 

Bacillus domestirus Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 8 , 1895, 358; 
Bacterium domesticua Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 110.) From air. 

Bacillus droserae (Troili-Petersson) 
Buchanan and Hammer. {Bacterium 
droserae Troili-Petersson, Cent. f. Bakt., 
II Abt., S8, 1913,1; Buchanan and Ham¬ 
mer, Iowa Sta. Coll. Agr. Exp. Sta., 
Res. Bull. 22, 1915, 256.) Isolated by 
placing leaves of a sundew {Drosera 
intermedia) in milk and isolating the 
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slimy milk organisms developing. 
Closely related to Bacterium lacto- 
Tubefaciens Gruber, according to Bu¬ 
chanan and Hammer. 

Bacillus duclauxii (Miquel) DeToni 
and Trcvisan. {Vrolacillus duclauxii 
Miquel, Ann. <1. Microgr., 2, 1889, 58; 
DeToni and Trcvisan, in Saccardo, Syl- 
loge I'ungoriiin. 8 , 1889, 963.1 From 
sewage. 

Bacillus eczcmicusTn‘\\iHiii. (1 generi 
c le specie delle Battcriacce, 1889, 14.1 
From exudate in cases of eczema. 

Bacillus egregius Zopf. (Quoted from 
Papenhausen, Arb. bakt. Inst. Karls¬ 
ruhe, 3, 1903, 59.) A reddish-yellow 
non-spore-forming rod. 

Bacillus elipsoideus Migula. (Bacillus 
saprogenes vini v, Kramer, Die Bak- 
terien in ihren Boziehungen zur T,and- 
wirtschaft, 2, 1892, 138; Migula, Syst. 
d. Bakt., 2, 1000, CS4.) From wine. 

Bacillus cllinglonii Chester. (Bacil¬ 
lus No. 21, Conn, Kept. Conn. (Stores) 
Agr. Exp. Sta., 1893, 52; Chester, Man. 
Deterin. Bact., 1901, 264.) From milk. 

Bacillus eminans Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 232.) 
From vegetable infusions. 

Bacillus emulsinus Fermi and Monte- 
sano. (Cent. f. Bakt., 15, 1894, 722.) 
From air. Decomposes amygdalin. 

Bacillus endocardilidis Migula. (Ba¬ 
cillus endocarditidis t^riseus Weichsel- 
baum, Beitr. z. path. Anat., 4, 1889,119; 
Bacterium endocarditidis griseus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 88; Migula, Syst. d. Bakt., S, 1900, 
750.) From a case of endocarditis. 

Bacillus engelmanni Trevisan. (Bac¬ 
terium chlorinum Engelmann, see Fliigge, 
Die Mikroorganismen, 2 Aufl., 1886, 289; 
not Bacterium cMorinum Migula, Syst. 
d. Bakt., 2, 1900, 471; Trevisan, I generi 
e le specie delle Batteriacee, 1889, 18.) 
Source not given. 

Bacillus enteromyees Trevisan. (Ba- 
cille des selles /, Babes, in Cornil and 
Babes, Les Bact^ries, 2nd ed., 1886,154; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 18^, 15.) From feces. 


Bacillus entomotoxicon Duggar. (Bull. 
Illinois State Lnb. Nat. Hist., 4y l^^^i 
34C-379.) From the squash bug (Anasa 
tristis). 

Bacillus epsilon Dyar. (Dyar, Ann. 
N. V. Acad. Sci., 8 , 1895, 369; Bacterium 
epsilon Cliester, Ann. Kept. Del. Col. 
.\gr. Exp. Sta., 9, 1897, 114.) From air. 

Bacillus equi Migula. (Bacillus equi 
intestinalis Dyar and Keith, Technol. 
Quarterly, 6. 1893, No. 3; abst. in Cent. f. 
Bakt., 16, 1894, 838; Bacterium equi in- 
teslinalis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta.. 0, 1897, 70; Migula, Syst. 
d. Bakt., 2, 1900,874; Baci7/us inleslinahs 
Chester, Man. Determ. Bact., 1901 ,213.) 
From the intestines of a horse. 

Bacillus entbescens Migula. (Bacillus 
oogenes liydrosuljurcus k, Zorkendorfer, 

Arch. f. Hyg.. 10 , 1803, 391; MiguK' 
Syst. d. Bakt., 2, 1900, 702; Bacillus 
nibescens Xcpvoux, These, Fac. Pharni. 
Paris, 1920, 113.) From hens’ eggs- 
Bacillus ergthrogenes rugatus Dyaf- 
(Ann. N. Y. Acad. Sci.. 8 , 1S95, 374.) 
A wrinkled variety of Bacillus luc is 
enjthrogenes Hueppe. 

Bacillus erijthrosporus yViHoi. ( * ’ 

in Cohn, Beitr. z. Biol. d. Pflanz-. 
Heft 1,1879, 135; Bacillus (Streptobacter) 
enjtkrospores (sic) Schrocter, in 
Krypt. Flora v. Schles., 5, 1, 18S6, 

Bacterium erytkrosporus Chester, ” 

Rept. Del. Col. Agr. Exp. Sta.. 3, j 
123.) From putrefying egg white an 

meat infusion. According to ^ ' 

the author mistook reddish granu es 


s. Fluorescent. , 

cillus esterijicans Jluorescens i 

(Arb. a. d. k. Geaundsheitsamto^. 

[899, 504-507.) From p®'"® 
rotting vegetation in river 

cterium estenficans stralauense * 

,A,b,.. d., k. 


rater. . v 

Bacillus eta Dyar. (Dyar, Ann. ^ • 

kcad. Sci., S. 1895, 374; Ba^^ 

ilhester, Ann. Rept. Del. Col. g 

ita., 9, 1897, 107.) From air 

Bacillus ethareiicus Frankland 
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Frankland. (Proc. Roy. Soc. London, 
4^, 1889.) Ferments mannitol, glycerol 
and glucose to ethyl alcohol and acetic 
acid with a trace of formic and succinic 
acids. 

Bacillus ethacetosuccinicus Frankland 
and Frew. (Transactions of the Chemi¬ 
cal Society, 1892, 275.) Ferments man¬ 
nitol and dulcitol to ethyl alcohol, acetic 
acid, succinic acid, hydrogen and car¬ 
bonic acid. 

Bacillus exapatus Trevisan. (Bacillus 
der conjunctivalsack /, Pick, I'ebcr 
Mikroorg. in Conjunctivalsack, Wies¬ 
baden, 1887; Tievisan, I generi e le 
specie delle Battcriacee, 1889, 15.) 
Found frequently in the human eye. 

Bacillus exiguus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 447; 
Bacterium exiguum Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 114; 
not Bacterium exiguum Staubli, Mtinch- 
ner med. Wochnschr., No. 45, 1905.) 
From water. 

Bacillus famiger Trevisan. (Bacillus 
bei Erysipel am Kaninchenohr, Flugge, 
Die Mikroorganismen, 2 Aufl., 1886, 283; 
Trevisan, I generi e le specie delle 
Batteriacee, 1889, 14.) From a case of 
erysipelas of the ear of a rabbit. 

Bacillus felis (Rivolta) Trevisan. 
{Cocco-bacterium felis Rivolta, Giorn. 
di Anatomia, No. 1, 1888; Trevisan, 1 
generi c le specie delle Batteriacee, 
1889, 14.) From an infection in a cat. 

Bacillus fermentalionis Chester. {Ba¬ 
cillus foetidus liquefadens Tavel, Ueber 
d, Actiol, d. Strumitis, Basel, 1892; 
Chester, Man. Determ. Bact., 1901,233.) 
From strumitis. 

Bacillus ferrugineus Rullmann. 
(Rullmann, Cent. f. Bakt., I Abt., S4, 
1898, 467; not Bacillus ferrugineus Van 
Iterson, Cent. f. Bakt., II Abt., 11, 1903, 
694.) From canal water. 

Bacillus ferrugineus Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., fi, 1895, 361; not 
Bacillus ferrugineus Rullmann, Cent. f. 
Bakt., I Abt., Orig., S4t 1898* 465; Bac¬ 
terium furrugineus (sic) Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 


115; Bacterium ferrugineum Chester, 
Man. Determ. Bact., 1901, 177.) From 
air and from a fresh leaf of the pitcher 
plant {Sarracenia purpurea). 

Bacillus fertilis DeToni and Trevisan. 
(Bacillus urinae fertilis Doyen, Jour. d. 
connaiss. mddic., 1889, 107; DeToni and 
Trevisan, in Saccardo, Syllogc Fungo- 
rum, 8 , 1889, 949.) From urine. 

Bacillus figurans Vaughan. (Vaughan, 
Amer. Jour. Med. Sci., 104, 1892, 107; 
not Bacillus figurans Crookshank, Man. 
of Bact., 1st ed., 1886.) From water. 

Bacillus finitimus ruber Dyar. (Ann. 
N. Y. Acad. Sci., 5,1895,361.) From air. 

Bacillus flavidcscens Migula. (Ba¬ 
cillus aquatilis sulcalus v, Weichsel- 
baum, Das dsterreichische Sanitatswe- 
sen, 1889, No. 14-23; Bacillus aquatilis 
sulcatus Kruse, in Flugge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 382; Migula, 
Syst. d. Bakt., 2, 1900, 734; Bacillus 
ueichselbaumii Chester, Man. Deterin. 
Bact., 1901, 218.) From water. 

Bacillus flavoidts Castellani. (Proc. 
Soc. Exp. Biol, and Med., 2S, 1928, 539.) 
From the human skin. 

Bacillus flavus Eckstein. (Ztschr. f. 
Forst- u. Jagdwesen, 26, 1894, 12; not 
Bacillus flavus Fuhrmann, Cent. f. 
Bakt., II Abt., 19, 1907,117; not Bacillus 
flavus Bergey et al., Manual, 1st ed., 
1923, 286.) From dead larvae of a 
butterfly (Vanessa polychlorus). 

Bacillus fiexuosus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 460; 
Bacterium fiexuosus Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 100.) 
From river water. 

Bacillus floccosus Kern. (Kern, Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
424; not Bacillus floccosus Weinberg et 
al., Les Microbes Anadrobies, 1937, 698.) 
From the stomach and intestines of 
birds. 

Bacillus fluidificans DeToni and Trevi- 
san. {Bacillus fluidificans parvus Mag- 
giora, Giorn. Soc. ital. d’lgicne, 11, 1889, 
344; DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8 , 1889, 969.) From 
the skin. 
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lidcilln.K JluonsccKS C’lioster. {Bacil¬ 
lus fluorcsct us aureus Zimniermanii, 

♦ 

l^akt. uns(Tcr Trink- u. Xutzwiisscr, 
Clu'tiinitz. !. 18!)0. U; Baclerium Jluo- 
rcsrciis aurtus Chester, Ann. Kept. Del. 
Col. Anr. Kxp. Sta.. 0, 1807,100; Chester, 
Man. Detenu. Haet.. 1001, 255; not Ba- 
nlliis JI.Kircsccits Trevisan, I genen e le 
specif* flelle Halteriacee, 1HS9, 10; not 
BaviHus fliiorcsicns Hergey et al.. Man¬ 
ual. 1st eO., 1023, 287.) From water. 

Biirillus Jluorcsccrts Pagliani, Maggiora 
and Fralini. {Pagliani et al., Giorn. d. 
ScK'. ital. d’lgiene, 9, 1887,587; not Bu- 
cilhis Jluorcscciis Hergey et al., Manual. 
Ist ed., 1023, 287; Bacillus paglianii 
Trevisan. I geiieri e le specie delle 
Hatleriaeee, 1880, 10; not Bacillus pag- 
lianii (’arhoiie an<l Venturclli, Boll. Ist. 
Sierf)ter., Milan, 3. 1025, 50.) From 
water and soil. 

Bacillus Jluorcsccus ulbus Ziminer- 
inann. (Hakt. unserer Trink- u. Nutz- 
wiisser. Chemnitz, I, 1800, 18.) I'rom 
water. 

Bacillus Jliiorescens haregerisis Uobine 
and llauduroy. (Compt. rend. Soc. 
Hiol. Paris. 08, 1028, 25.) From the 
water of hot sulfur springs. Fourment 
((’ompt. rend. Soe. Hiol. Paris, 98, 1028, 
588) states that this organism is a variety 
of Bacillus Jliiorescens liquefaciens Kruse, 
but Kol)ine and Hauduroy (Compt. 
reiul. S()e. Hiol. Paris, 99, 1928, 317) 
deny this. 

Bacillus Jliiorescens liquefaciens minu- 
tissimus Cnna and Tommasoli. (Quoted 
from Sternberg, Man. of Baet., 1803, 
630.) From the surface of the body in 
eases of eezema seborrhoeicum. 

Bacillus Jluoresceus longus Zimmer- 
mann. (Zimmerniann, Hakt. unserer 
Trink- u. Nutzwiisser, (’hemnitz, /, 
1800, 20; Bacterium Jliiorescens longus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 124.) From water. 

Bacillus Jliiorescens tenuis Zimmer- 
mann. (Zimmerniann, Bakt. unserer 
Trink- u. Nutzwiisser, Chemnitz, /, 
1890, 14; Bacterium Jluoresceus tenuis 
Chester, .Vnn. Kept. Del. Col. .Agr. 


Exp. Sta., 1897, 124.) From water. 

Bacillus foetidus Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen, 26, 1804, 12.) 
PTom dead larvae of a butterfly (I anessa 
urticae). 

Bacillus foetidissimiis Migula. (Ba¬ 
cillus pgogenes foetidus liquefaciens Lanz. 

Cent. i. Hakt., 14, 1893. 209; Bacterium 
pgogenes foetidus liqiiefacieus Chester, 
Ann. Itept. Del. Col. Agr. Kxp. Sta., 9, 
1897. 92; Migula, Syst. d. Hakt., 2, 19tX), 
643.) P’rom a brain abscess. 

Bacillus forlissimiis Weiss. (Arb. 
iiakl. Inst. Karlsruhe, 2, Heft 3, 1902, 
209.) From asparagus and brewers 
grain infusions. 

Bacillus fuliyinosus Weiss. (Arb- 
bakt. Inst. Karlsruhe, 2, Heft 3. 1902, 
224.) From vegetable infusions. 

Bacillus fulvus Edingtoii. (I'.dington, 
Hrit. Med. Jour., June 11, 188". 1262; 
not Bacillus fulrus Zimmermann, Hakt. 
unserer Trink- u. Nutzwiisser, (hf”* 
iiitz, /, 1890, 44; not Bacillus 
Migula, Svst. (I. Hakt., 2, 1900, ' 

Associated with eases of scarlatina. 
Not pathogenic. 

Bacillus fulvus Aligula. (Badt us » 
berigenus 4< Gonnermann, LandvGr*®^ 
Jahrb., 23, 1894, 656; Migula, 

Hakt., 2, 1900. 844; not Bacillus full 

Zimmermann, Bakt. unserer j 

Nutzwiisser, Chemnitz, /, 1^ ’ 

From root nodules on lupine. , 

Bacillus fumeus Migula. 

Eembke, Arch. f. Hyg., ^9, J 

Migula. Syst. d. Bakt.. 1900. - 8 - ) 

From feces. ... 4 

Bacillus fumosus Migula. j* . 2 . 

Eembke, Arch. f. Hyg., 29. 

Migula, Syst. d. Bakt.. 2. 1900. - 88 > 

From feces. 

Bacillus fungusus , ., 55 .) 

Inst. Karlsruhe. 2, Heft 3, HH)2. 

From fermenting beets. n|e 

Bacillus fuscans Miller. J^ip- 

Mikroorganisraen der Mun o • 

zig, 1889. 70.) 

Bacillus fuscescens Migula- 
fusvus limbalus Scheibenzuberj - 
Wiener me«l. Zeitung, JJ 
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Bacterium fuscus limbatus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
117; Migula, Syst. d. Bakt., 2, 1900, 836; 
Bacterium fuscescens Chester, Man. 
Determ. Bact., 1901, 179; Bacillus fuscus 
Chester, ibid., 261; not Bacillus fuscus 
Fliigge, Die Mikroorganismen, 2 Aufl., 
1886, 290; not Bacillus fuscus Zimmer- 
mann, Bakt. unserer Trink- u. Nutz- 
wasser, Chemnitz, 1, 1890, 70.) From 
rotten eggs. 

Bacillus galtieri Trevisan. (Microbe 
pathogcnc chromo-aromatique du pore, 
Galtier, Compt. rend. Acad. Sci. Paris, 
106, 1888, 1368; Trevisan, I generi e le 
specie dclle Batteriacee, 1889, 14; t'a- 
cillus chromoaromaticus Eisenberg, Bakt. 
Diag., 3 Aufl., 1891, 360; Bacterium chro- 
mo-aromaticus Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897,119; Bacillus 
helvolus Chester, Man. Determ. Bact., 
1901, 264; not Bacillus helvolus Zimmer- 
mann, Bakt. unserer Trink- u. Nutz- 
wasser, Chemnitz, I, 1890, 52.) From 
lesions in a case of broncho-pneumonia 
in hogs. 

Bacillus gasuformans Pribram. {Bac¬ 
terium aquatile gasoformans non lique- 
faciens von Rigler, Hyg. Rund., 12, 1902, 
482; Bacterium gasoformaris non lique- 
faciens von Rigler, ibid., 485 and Cent, 
f. Bakt., I Abt., Ref., $1, 1902, 682; 
Bacillus aquatilis gasoformans non lique- 
faciens Pribram, Klassihcation dcr Schi- 
zomyceten, Leipzig und Wien, 1933, 83; 
ibid., 83.) From bottled mineral waters. 
Similar to coliform bacteria except that 
it is a yellow chromogen. 

Bacillus gaytoni Cheshire. (Bees and 
Bee Keeping, London, 2, Part 13, 1886, 
543 and 569.) Found in black bees 
{Apia mellifera), i.e., black because of 
the loss of hairy covering. 

Bacilltis gelatinosus Migula. (Bac¬ 
terium gelalinosum betae Glaser, Cent, 
f. Bakt., II Abt., 1, 1895, 879; Migula, 
Syst. d. Bakt., 2, 1900, 805.) From beet 
juice. 

Bacillus gelatogenes Black. (Trans. 
III. State Dental Soc., 22, 1886, 187.) 
From the mouth. 


Bacillus geton Trevisan. (Bacille do 
I’eau b, Babes, in Cornil and Babes, Lcs 
Baetdries, 2nd ed., 1886. 168; Trevisan, 
I generi e Ic specie delle Batteriacee, 
1889, 19.) From water. 

Bacillus gigas Coot. (Coot, Med. 
Proefstat. voor de Java Suikerindustric, 
Pt. 5, No. 10, 60 pp., quoted from Stein- 
haus, Bact. .\ssoc. Extraccll. with In¬ 
sects and Ticks, Minneapolis, 10-12, 58; 
not Bacillus gigas Zeissler and Hasse- 
feld, Arch. f. wiss. «. prakt. Tieriieilk., 
59, 1929, 419.) From larval and adult 
stages of a beetle (Adoretus compressus). 

Bacillus (-0 gingivae Migula. {Bac¬ 
terium gingivae pyogenes Miller, Die 
Mikroorganismen der Mundhohle, Leip¬ 
zig, 1889, 217; Bacillus pyogenes gingivae 
Kruse, in Fliigge, Die Mikroorganismen, 
3 .\ufl., 2, 1896 , 287; Migula, Syst. d. 
Bakt., 2, 1900, 642.) From the oral 
cavity. 

Bacillus glaucus Maschek. (Maschek, 
Bakt. Untersuch. d. Leitmeritz. Trink- 
w’iisser, Jahresber. d. Oberrcalscliule zu 
Leitmeritz, 1887; quoted from Sternberg, 
Man. of Bact., 1893, 637; Bacterium glau¬ 
cus Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 116.) From water. 

Bacillus globosus Migula. {Bacterium 
A, Peters, Botan. Zeit., .i?, 1889; Migula, 
Syst. d. Bakt., 2, 1900, 798.) P'rom fer¬ 
menting dough. 

Bacillus globulosus Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 253.) 
From sauerkraut and bean infusions. 

Bacillus gonnermanni Migula. {Ba¬ 
cillus tuberigenus II, Gonnermann, Land- 
wirtsch. Jahrb., 23, 1894, 656; Migula, 
Syst. d. Bakt., 2, 1900, 682.)’ From root 
nodules on a lupine. 

Bacillus gortynae Paillot. (Compt. 
rend, Acad. Sci., Paris, J57, 1913, 611.) 
From caterpillars of Gortyna ochracea. 
A coecobaeillus. 

Bacillus gracilescens Henrici. (Arb, 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
26.) From Swiss cheese. 

Bacillus gracilis Kern. (Kern, Arb. 
bakt. Inst. Karlsruhe, /, Pleft 4, 1896, 
421; not Bacillus gracilis Zimmermann, 
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Bakt. unscrer Trink- u. Nutzwilsscr, 
Chemnitz, 1, 1800. 50; Bacillus (jracilior 
Migula, Syst. d. liaki., 2, 1000, 664.) 
From the stomach and intestines of 
birds. 

Bacillus (jracilis aewbiens \aughan. 
(Amer. Jour. ^led. Sci., 104, 1802, 187.) 
From water. 

Bacillus (fiacilis a7iacrobiesccns 
Vaughan. (Amer. Jour. Med. Sci., I04y 
1802,187.) From water. 

Bacillus (jracilis cadaveris Sternberg. 
(Sternberg, Man. of Bact., 1803, 733; 
Bacterium (jracilis cadvcris Chester, Ann. 
Kept. Del. C’ol. Agr. Exp. Sla., 9, 1897, 
84.) From the liuman liver. 

Bacillus (jrandis Trevisan. (Bacille 
de Fair h, Babes, in Cornil and Babes, 
Les Bact^ries, 2nd ed., 1886, 150;T.revi- 
san, I generi c le specie delle Batteriacee, 
1880. 20.) From air. 

Bacillus (jranulatus Chester. {Bacil¬ 
lus aquatilis solidus lAistig, Diag. Bakt. 
<1. Wassers, 1803; Bacterium aquatilis 
solidus Chester, Ann. Rept. Del. Col. 
Agr. Exp. S\a.,9, 1807, 76; Chester, Man. 
Determ. Bact., 1901,223.) From water. 

Bacillus (jranulosus Losski. (Losski, 
Inaug. Diss., Dorpat, 1893, 25; not Ba¬ 
cillus granulosus Russell, Ztschr. f. 
Hyg., 11, 1892, 99; not Bacillus granulo¬ 
sus Oerstner, Arb. bakt. Inst. Karlsruhe, 
1, Heft 2, 1894, 167; Bacillus subgranulo- 
sus Migula, Syst. d. Bakt., 2, 1900, 820.) 
From sand on the Riga coast. 

Bacillus graveolens Bordoni-Uffre- 
duzzi. (Bordoni-Uffreduzzi, Fortschr. 
d. Med., 4> 18S6,157; not Bacillus graveo¬ 
lens Russell, Ztschr. f. Hyg., 11, 1892, 
99* not Bacillus graveolens Gottheil, 
Cent. f. Bakt., II Abt., 7, 1901, 496; 
Bacterium graveolens Eisenberg, Bakt. 
Diag., 3 Aufl., 1891, 108.) From skin 

between the toes. 

Bacillus graudtzi Trevisan. (Bacillus 
der Acne Contagiosa des Pferdes, Diec- 
kerhoff and Grawitz, Arch. f. path. 
Anat., 102, 1885. 148; Trevisan. I generi 
e le specie delle Batteriacee, Milan, 1889, 
13; Bacillus acnes contagiosae Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 


2, 1896, 445; Bacterium acnes contagiosae 
Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 89; Bacterium acnes 
Migula, Syst. d. Bakt., 2, 1900, 385; 
Bacterium graicitzii Chester, Man. De¬ 
term. Bact., 1901, 154.) From acne 

pustles in horses. 

Bacillus griseus Migula. (Grauer a 
cillus, Keck, Inaug. Diss., Dorpat, 189 , 
51; Migula, Syst. d. Bakt., 2, 1900, 7 

From water. . 

Bacillus hacmaloides Wright. (^\ right, 

Mem. Nat. Acad. Sci., 7, 1895, 448 ; to- 
terium haematoides Chester, Ann. Kept- 
Del. Col. Agr. Exp. Sta.. 9. 1897, Ho.) 
From river water. 

Bacillus hojeki Trevisan. {Baallus 
foetidus ozaenae Hajek, Mlinch. me 
Wochiischr., 1887 and Berliner kim. 

Wochnschr., 1888, 662; 
generi e le specie delle Batteriacee, IW. 
16; Bacillus ozaenae Migula, Syst. ■ 
Bakt., 2. 1900 , 6d5; not Bacillus ozaem 
Abel, Cent. f. Bakt., IS, 1893, 167; Bac 

terium foelidus ozaenae Chester, a 

Rept. Del. Col. Agr. Exp. Sta., 9, 18 ’ 
134.) From nasal mucus in hu 


ozena. 

Bacillus halobicus Horowitz-WiM • 

(Ztschr. f. Enters, d. Lebensm., 62, 144 , 

597.) From brines used ‘" ^‘‘^11, 
Bacillus halophilus Russell. ( 

Ztschr. f. Hyg.,//, 1891, 200 ; 

halophilus Chester, Ann. 3 .) 

Col. Agr. Exp, Sta., 9,1897, 93 and 13o.) 

From sea water and marine mu * ^ 

Bacillus havaniensis 
lus havaniensis liquefacie^^s Stern^ 

Man. of Bact., 1893, ® 6 ; Bac^ 

havaniensis hquefaciens ^ q lg97, 

Rept. Del. Col. Agr. Exp. 25; 

97; Migula, Syst. d. Bakt 

not Bacillus havaniensis Sternberg, 

cit., 718.) From the skin. 

Bacillus helvoLus 374 .) 

(Ann. N. Y. Acad. Sci., ^olus 
Apparently a variety of Baal 

Zimmermann. Arloing- 

Bacillus hemivecrohtophtl^^ 

(Compt. rend. Aea^ /“/roO “■o 

1888, 1169 and t08, 1889, 458.) 


FAMILY BACTFiaACFAK 


659 


lymph glands of an experimental guinea 
pig- 

Bacillus hepaiicus forluiius Sternberg. 
(Sternberg, Man. of Bact., 1893, 649; 
Bacterium hepaiicus fortuilus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 136.) From the liver of a yellow- 
fever cadaver. 

Bacillus herrmanni Migula. (Ein 
neuer Kapselbacillus, llerzfeld and Herr¬ 
mann, Hyg. Rundschau, 5, 1895 , 642; 
Migula, Syst. d. Bakt., 2, 1900, 647.) 
From a nasal secretion. 

Bacillus hofmanni Migula. (Hof¬ 
mann, Wochnschr. f. Forstwirtseh., 1891, 
No. 1-6 and No. 35-39; Migula, Syst. d. 
Bakt., 1900, 742.) From the larvae 
of the nun moth {Lymaniria monacha). 

Bacillus hudsouii Dyar. (Ann. N. Y. 
Acad, Sci., 8, 1895, 369; Bacterium hud- 
Bonn Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 106.) From air. 

Bacillus humilis Trevisan. (Bact<?rie 
de Fair No. 1, Babes, in Ccrnil and 
Babes, Les Bactdries, 2nd cd., 1886, 140; 
Trevisan, I generi e le specie dcllc Bat- 
teriacce, 1889, 20.) From air. 

Bacillus hydrocharis Trevisan. (Ba- 
cille de Feau c. Babes, in Cornil and 
Babes, Les Bactdries, 2nded., 1886, 168; 
Trevisan, I generi e lo specie dcllc 
Batteriacee, 1889, 19.) From water. 

Bacillus hydrosulfureus Migula. (Ba¬ 
cillus oogenes hydrosulfureus f Zorkcn- 
ddrfer, Arch. f. Hyg., 16, 1893, 388; 
Migula, Syst. d. Bakt., S, 1900, 695.) 
From hens’ eggs. 

Bacillus icterogenes Kruse. (Guar- 
nieri, Acc. med. lloma, 87/88 and Vin¬ 
cent, Scmainc mddicalc, 1893, 29; Kruse, 
in Fltigge, Die Mikroorganismen, 3 Aufl., 
S, 1896, 372; Bacterium icterogenes Ches¬ 
ter, Ann, Uept. Del. Col. Agr. Exp. 
Sta., 9, 1897 , 69.) From the liver and 
blood in cases of acute yellow atrophy. 

Bacillus incanus Pohl. (Pohl, Cent, 
f. Bakt,, It, 1892,142; Bacterium incanus 
Chester, Ann. Kept, Del. Col. Agr. 
Exp. Sta., 9, 1897, 99; Bacterium tncan- 
num (sic) Chester, Man. Determ. Bact., 
1001, 167.) From swamp water. 


Bacillus indigogcnus -Vlvarez. (.-Vl- 
varcz,Compt. rend. Acad.Sci.,Paris, 105, 
1887,286;Bacterium indigogcnus Chester, 
Ann. Bept. Del. Col. Agr. Exp. Sta., 9, 
1897,136.) From an infusion of leaves of 
the indigo plant. 

Bacillus innesi Trevisan. (Bacille de 
F51dphantiasis des .Arabes, Innes, Bull. 
1st. Egypt, de 1886, Cairo, 1887; Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889, 13.) From the blood in cases of 
elephantiasis in Egypt. 

Bacillus inodorus Trevisan. (I generi 
e Ic specie delle Batteriacee, 1889, 16.) 
From pus. 

Bacillus inleslinus motilis Sternberg. 
(Sternberg, Man. of Bact., 1893, 619; 
Bacterium intestinus motilis Chester, 
Ann. Kept. Del. Col. .Agr. Exp. Sta., 9, 
1897, 74.) From intestines of yellow 
fever cadavers. 

Bacillus inutilis Dyar. (Ann. N. V. 
Acad. Sci., 8, 1895, 364.) From air. 

Bacillus hnppa Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 375.) From diseased 
larva of a moth (Scoliopteryx libalrix). 

Bacillus klebsii Trevisan. (Bacillus 
typhosus Klebs, Handb. d. path. .Anat., 
1880 and Arch. f. exper. Pathol, u. 
Pharmac., IS, 1881, Heft 5-6; Trevisan, 
Car. di ale. nuov. gen. di Battr., 1885, 
10; Trevisan, I generi c le specie dcllc 
Batteriacee, 1880, 14; not Bacillus 
typhosus Zopf, Die Spaltpilzc, 3 Aufl., 
1885, 126.) From an intestinal necrosis. 

Bacillus kleckii Migula. (Bacillus 
butyri II, v. Klecki, Cent. f. Bakt., 16, 
1894, 360; Migula, Syst. d. Bakt., 2, 
1900, 810.) From rancid butter. 

Bacillus kleinii Trevisan. (Bacillus 
de la diarrhde choleriformc, Klein, Mi¬ 
cro-organisms and Disease, 1885, 87; 
Trevisan, in DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
946; not Bacillus kleinii Migula, Syst. 
d. Bakt., 2, 1900, 766; not Bacillus kleinii 
Buchanan and Hammer, Iowa Agr. 
Exp. Sta. Res. Bull. 22, 1915, 276.) 
From the blood in fatal cases of choleraic 
diarrhoea. 

Bacillus kleinii Migula. (Ein neuer 
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Bacillu? dcE maligncn Occlems, Klein, 

Cent. f. Bakt., 10, ISOl, 186; Bacillus 

j i^cui'c-ocflcvialis malifjTii Sanfelice, 

Zlschr. f. Uyg., U,, 18513, 353; Bacillus 

rci'cmalis aciohicus Stcrnbcrp, Man. of 

% 

Bact.. 1853. 465; Bacillus ocdematis 
ncrobius Kruse, in Fliigge, Die Mikro- 
organitnidi, 3 Aufk, 2, 185j6, 244; Bac- 
(criuiu oc(!(7nafis ocro6jws Chester, Ann. 
Kept. Del. Col. Agr. Kxp. Sta., 9, 1897, 
75; Migula, vSyst. d. Bakt., 2, ICOO, 766; 
not Bacillus hicinii Trevisan, in De- 
Toni and Trevisan, in Saccardo, Sylloge 
Fungoruin, 8, 1SS9, 046; not Bacillus 
lUinii Buchanan and Han’.mer, Iowa 
Agr. Exj). Sta. Kes. Bull. 22, 1915, 276; 
Bacillus acrobius Chester, Man. Determ. 
Bact.. 1901, 221.) From a guinea pig 
inoculated with soil. 

Bacillus lornii Chester. (Bacillus bei 
eincm Leberabscess, Korn, Cent. f. 
Bakt., 21, 1897, 438; Chester, Man. De¬ 
term. Bact., 15:01, 252.) From a case of 
liver abscess. 

Bacillus lactis Chester. (Bacillus b, 
Guillcbcau, Ann. Microg., U, 1898-1899, 
225; Chester, Man. Determ. Bact., ICOl, 
238; not Bacillus laclis Keidc, Cent. f. 
Bakt., II Abt., 12, 1904, 337.) From 
milk. 

Bacillus lactofoetidus Migula. (Baal 
lusfoctidus fad/s Jensen, 22de Beretning 
fra den Kgl. Veterin og Landbohdjskoles 
Laboratorium for landokononiiske For- 
soeg, Copenhagen, 1891, 15; Migula, 
Syst. d. Bakt., 19C0, 740.) From 

tainted milk and butter. 

Bacillus lanccolatus Mattes. (Sitz- 
ungsber. d. Gesells. z. Beforderung d. 
gesam. Katurw. z. Marburg, 62, 1927, 
381-417.) From benign foulbrood of 
bees (Apis mellifera). 

Bacillus larvicida Dyar. (Ann. N. \. 
Acad. Sci., 8, 1895, 377; Bacterium 
larvicida Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 103.) From the 
exudate of a diseased larva of a moth 

(Clisiocampa fragilis ). 

Bacillus lassari Trevisan. (Bacillus 
des lichen ruber, Lassar, see FlQgge, Die 
Mikroorganismen, 2 AuB.^ 1886, 239; 


Trevisan, I generi e le specie delle Bat- 
feriacec, 1889, 14.) From lichen ruber, 
a skin disease. 

Bacillus lentiformis Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 418.) 
From the stomach and intestines of 

birds. 

Bacillus leptinolarsae \Yhite. (Proc. 
Ent. Soc. Wash., £0, 1928, 71 ; Jour. Agr 
Res., 51, 1935, 223.) From diseased 
larvae of the Colorado potato-beet e 
(Leptiuolarsa decemlineata). 

Bacillus lesagei Trevisan. (Bacille de 
la diarrhffe verte des enfants, 

Bull. Acad. M<5d., Paris, October, 188 , 
Trevisan. 1 generi c le specie dclleBatter- 

iacee, 1889, U-Bacillus vnidis Kruse, m 
Fliigge, Die Mikroorganismen, 3 Aufl., 
2, 1896 , 292; Bacterium viridis Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., h 
1897, 118.) Associated with green aia 

rhoca of children. ... 

Bacillus limbatus Migula. 
limbatus buiyri von Klecki, en . 

Bakt.,/5,1894,359;Migula,Syst.d.BaK 

2, 19C0, 62.) From rancid butter. 

Bacillus limicohnusseW. (Bot. -j 

18, 1893, 383.) From sea 
marine mud at Woods Hole, 

chusclts. ^ / 7 ferhr« 

Bacillus lineatus jjL jy) 

«;■ 

V, Weigmann and Zirn, Cent, 

16, 1894, 467; Migula, |^j|^tein, 

1900, 806; not Bacillus s6, 

Ztschr. f. Forst- und 
1894,17.) From soapy milk. 

Bacillus liparis Pad ot. j 

rend. Acad. Sci., A 

From larvae of the gypsy m 
(Lyrr.anlria) dispar). (Bacil‘ 

Bacillus liquefaciens Voyea. ^ 

lus urinae Doyen, 

connaiss. mddic., 1889, ■ jjjgn- 

idem; not Bacillus j 112.) 

berg, Bakt. Diag.. 3 Aufl., 1891- 

From urine. 

Bacillus liquefaciens Migula- 
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lus sulcalus liquefaciens Kruse, in Fliiggc, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
318; Migula, Syst. cl. Bakt., 2, 1900, 723; 
not Bacillus liquefaciens Eisenberg. 
Bakt. Diag., 3 Aufl., 1801, 112.) From 
water. 

Bacillus liquefaciens alhus Vaughan. 
(Amer. Jour. Med. Sci., W4, 1802, 185.) 
From water. 

Bacillus liquefaciens communis Stern¬ 
berg. (Sternberg, Man. of Bact., 1803, 
686; Bacterium liquefaciens communis 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., P, 1897, 137.) From the feces of 
yellow fever patients. Considered by 
Chester (loc. cit., 91) to be synonymous 
with Bacillus aquatilis communis Kruse. 

Bacillus liquidus communis Sternberg. 
(Manual of Bact., 1893, 686.) From 
feces. 

Bacillus litorosus Uussell. (Bot. Gaz., 
18, 1893, 444.) From sea water and 
marine mud at Woods Hole, Micssa- 
chusetts. 

Bacillus loxiacida Tartakowsky. 
'^Arch. d. Veterinarwiss., 1888; quoted 
from Chester, Man. Determ. Bact., 
1901, 211.) Associated with an in¬ 
fectious disease of crossbills. 

Bacillus lucidus Migula. (No. 8, 
Eembke, Arch. f. Hyg., 26, 1896, 303; 
Migula, Syst. d, Bakt., 2, 1900, 674.) 
From feces. 

Bacillus lupi Trevisan. (I generi e le 
specie dellc Batteriacee, 1889, 12.) 

From lupus, a skin disease. 

Bacillus lupini Migula. {Bacillus tu- 
berigenus 7, Oonnermann, Landwirtsch. 
Jahrb., 2S, 1894, 657; Migula, Syst. d. 
Bakt., 2, 1900, 793.) From root nodules 
on lupine. 

Bacillus lusligii Trevisan. (Bacillo 
inoITensivo del Mytilus edulis, Lustig, 
Arch, per le sci. med., 12, 1887, 17; 
Trevisan, see DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
958; not Bacillus lusligii Carbone and 
Venturelli, Boll. Ist. Sieroter., Milan, 4. 
1926, 69.) From the liver of a mussel 
{Mytilus edulis). 

Bacillus luteo-albus Beijerinck. 


(Botan. Zeit., 46, 1888, 749.) From root 
nodules on legumes. 

Bacillus lutetiensis Chester. (Bacillus 
riolaceus lutetiensis Kruse, in Fliiggc, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
311; Chester, Man. Determ. Bact., 1001. 
300.) From water. 

Bacillus luteus Fliigge. (Die Mikro¬ 
organismen, 2 1880, 290; not Bacil¬ 

lus luteus von Dobrzyniccki, Cent. f. 
Bakt., I Abt., 21, 1897, 835; not Bacillus 
luteus Carbowski, Cent. f. Bakt., II 
Abt., 19, 1907, 641.) From air. 

Bacillus hjmantriac Picard and Blanc. 
(Picard and Blanc, Cumpt. rend. Acad. 
Sci., Paris, 157, 1013, SO; Bacillus hjman- 
tria a Paillot, ibid., 168, 1919, 258; Bacil¬ 
lus (Bacterium) hjmantriac Paillot, L’in- 
feclion chez Ics inscctcs, 1033,131; Cocco- 
bacillus lymantriae Steinhaus, Catalogue 
of Bacteria Associated Extracellularly 
with Insects and Ticks, Minneapolis, 
1942, 04 and 183.) From diseased larvae 
of the gi'psy moth (Porthdria (Lyman- 
tria) dispar). 

Bacillus lymantriae0 Paillot. (Compt. 
rend. Acad. Sci., Paris, 168, 1919, 258.) 
From diseased larvae of the gypsy moth 
(Porlhftria (Lymantria) dispar). 

Bacillus lymaniricola adiposus Paillot. 
(Compt. rend. Acad. Sci., Paris, 168, 
1919, 258; Bacterium lymaniricola adi¬ 
posus Paillot, L’infcclion chez les in¬ 
scctcs, 1933, 135.) From caterpillars of 
Porlhetna (Lymantria) dispar. 

Bacillus madidus Migula. (No. 5, 
Eembke, Arch, f. Hyg., 26, 1896, 300; 
Migula, Syst. d. Bakt., 2, 1900, 812.) 
From bread. 

Bacillus maggiorae DcToni and Trevi¬ 
san, (Bacillus B, Maggiora, Giorn. 
Soc. ital. d’lgiene, 11, 1889, 340; DeToni 
and Trevisan, in Saccardo, Sylhge 
Fungorum, 8, 1889, 968.) From the skin 
of the human foot and from air. 

Bacillus major Doyen, (Bacillus urinae 
major Doyen, Jour, d. connaiss. mddic., 
1889, 107; Doyen, ibid., 108.) From 
urine. 

Bacillus malariae Klebs and Tommasi- 
Crudeli. (Arch. f. exper. Pathol., 2 , 
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ISTD.) From swamp soil. See Stern- 
boi'S. Man. of Fact., 1S03, 523. 

Barillas: mammilitlis Migula. {BaciB 
las a. (Uiilleboau, Ann. dc Microg., 2, 
ISIK), No. 8; Migula, Syst. d. Bakt., 2, 
1000 , 810.) From the milk of cows hav¬ 
ing mastitis. 

Bacillus maiKjanicus Beijerinck. 
(Folia Microbiol., Delft, 2, 1913, 130.) 
From soil. Motile. Is able to oxidize 
manganese carbonate. 

Bacillus niargai incus Migula. {Diplo- 
coccus capsulatus margarineus Jolles 
and B'inkler, Ztschr. f. Hyg., 20, 1895, 
103; Migula. Syst. d. Bakt., 2, 1900, 694.) 
From margarine. 

Bacillus Jiiaricola Migula. {Halibac- 
icriuiu jHilipnorpftum Fischer, Die Bak- 
tiericn des Meeres, 1804, 36; Migula, 
Syst. d. Bakt., 2, 1900, 709.) From sea 
water. 

Bacillus tnarsillirnsis Kruse. (Bacil¬ 
lus of Marseilles swine plague, Rietsch 
and Jobert, C'ompt. rend. Acad. Sci., 
Pari.s, 106, 1888, 1096; Kruse, in FUigge, 
Die Mikrofjrganismen. 3 Aufl., 2, 1896, 
■105; Baderium marsiliensis Chester, 
Ann. Kept. Del. Col. Agr. E.xp. Sta.. 
9, 1897, 67.) Associated with a disease 

of swine. 

Bacillus tnartinez Sternberg. (Stern¬ 
berg, Man. of Bact., 1893, 651; Bacillus 
rnarlinezit Dyar, Ann. X. Y. Acad. Sci., 
8, 1895, 364; Bacterium marlinezii Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. 
Sta.. 9, 1897, 83.) From the liver of a 
yellow fever cadaver. Dyar isolated an 
organism from the air to which he applied 
Sternberg’s name as the descriptions of 
the two species did not disagree. 

Bacillus mekagridis Migula. (Mc- 
Fadyean, Jour. Comp. Path, and 
Therap., 6, 1893, 334; Migula, Syst. d. 
Bakt., 2, 1900, 770; Bacillus meleagris 
Chester, Man. Determ. Bact., 1901,2^.) 
The cause of epizootic pneumo-carditis 

in turkeys. 

Bacillus melleus Schroeter. (In Cohn, 
Kryptog. Flora v. Schlesien, S, 1, 1886, 
158.) From feces and other sources. 
Bacillus mclolonthae Chatton. (Compt. 


rend. Acad. Sci., Paris, 136, 1913, 1708.) 
From diseased cockchafers (Melolonlha 

ynelolontha). 

Bacillus melolonlkae liquefaciens a, 0 
and 7 Paillot. (Compt. rend. Acad. 
Sci., Paris, 167, 1918, 1046; Annales des 
fipiphyties, 8, 1922, 108-110; B. mlo- 

lonthae liquefaciens a, ^ and y 
L’infection chez les insectes, 1933, D3- 
196 and 189 respectively. According 
to the index the B. is used for BacteriumO 
From diseased cockchafers {Melolonlha 


lolontha). . 

SacilhiS ttielolonthae non-liquefactens 

3 and y Paillot. (Compt. rend Acad. 
1 ., Paris, m, 1916, 553; Annales des 
,iphytics,«, 1922, 111-113.) Fromdis- 
ied cockchafer {Melolontka rac o 
itha). f ■ 

Bacillus melohnthae non-liquefnete • 
Paillot. (Compt. rend Acad. .Vn, 
,ris, 167, 1918, 1046; Annales des hp 
ytics, 8, 1922, 113.) Prom diseased 
ckchafers (Melolonlha melolonlha,. 
Bacillus melolonthae non-hqueff'*^^ 
Paillot. (Compt. rend. Acad, c 
iris, 169, 1919, 1122; Annales des Lp 

lyties, «, 1922, 114.) ^>7, 

ckchafers (Melolonlha 
liacillus membranaceus Kern. 1 

Ikt. Inst. Karlsruhe, I, 

7.) From the stomach and int 

a bird. /Pncil- 

Bacillus meningitidis 

s aerogenes 

rch. per le scienze mediche, ’ 

o. 1; Bacterium meningitidis ae 9 

hester, Ann. Rept. 

xp. Sta.. 1897. 06 ; Migula S 

akt., 1900, (H2; 241.) 

hester, Man. Determ. Bact., l^G 

rom two cases of Tre- 

Bacillus metabolicus De oni 

isau. {Bacillus H, DeToni 

DC. ital. d’lgiene, ^ ’ ' Sy\\o^ 

ad Trevisan, in ^ gkin 

ungorum, 8, 1889, 968.) 

f the human foot. 

Bacillus metafiavusCBsten^ ■ j 

oc.Expt. Biol, and Med.. 
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Bacillus niininius Eckstein. (Ztschr. 
f. Forst- u. Jagdweseii, 26, 1894, 16.) 
From caterpillars of the nun moth 
{Ltjmanlria monacha). 

Bacillus ininulissimus Migula. {Ba¬ 
cillus aureus 77iinutissimus Kruse, in 
Fliigge, Die Mikroorganismen, 3 .Aufl., 
2, 1896, 441; Migula, Syst. tl. Hakt., 2, 
1900, 833.) From air. 

Bacillus milidus Hcnrici. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 1, 1894, 29.) 
From Gouda cheese. 

Bacillus jnobilisswius Migula. {Ba¬ 
cillus oogenes hydrosulfureus 5, Zoiken- 
dorfer, Arch. f. Hyg., 16, 1893, 390; Mi¬ 
gula, Syst. d. Bakt., 2, 1900, 791.) From 
hens’ eggs. 

Bacillus Tuollis Doyen. {Bacillus 
urinae mollis Doyen, Jour. d. connaiss. 
m(5dic., 1889, 107; Doyen, ibid., 108.) 
From urine. 

Bacillus morulans Boucquet. (Phy¬ 
topath., 7, 1917, 286.) From diseased 
sugar beets. Associated with curly top 
of sugar beet. 

Bacillus mollei Trevisan. (Motte and 
Protopopoff, Wratsch., 1887, Xo. 21, 
415; abst. in Cent. f. Bakt., 2, 1887, 450; 
Trevisan, I generi e le specie dellc 
Batteriacee, 1889, 13.) Associated with 
a rabies-like disease of rabbits and dogs. 

Bacillus {?) muliifonnis Castellani. 
(Proc. Soc. Exp. Biol, and Med., 25, 1928, 
539.) From the human skin. 

Bacillus murinus Chester. (Bacillus 
of rat plague, Issatschenko, Cent. f. 
Bakt., 23, 1898, 873; Chester, Man. 
Determ. Bact., 1901, 224; not Bacillus 
ttmrinus Sehroetcr, in Cohn, Kryptog. 
Flora V. Schlcsicn, S, 1886, 162.) From 
the spleen and liver of rats attacked in 
St. Petersbuig by a plague. 

Bacillus mycogejies Edwards. (Jour. 
Inf. Dis., 2, 1905, 431; Bacteriurn thhco- 
genuin Edwards, idem.) From exudate 
of wound infections. Belongs to the 
Bacillus 7HUC08U8 capsulatus group. 

Bacillus inylili Trevisan. (Bacillu pa- 
togeno del Mytilus edulis, Eustig, Arch, 
per le Sci. med., 12, 1887, 17; Trevisan, 
see DeToni and Trevisan, in Saccurdo, 


Sylloge Fungorum, 8, 1889, 958.) From 
the liver of a mussel {Mytilus edulis). 

Bacillus naphfhali/iicus liqiiejacieus 
Tausson. (Planta, 1^, 1927, 214.) From 
oil-soaked soils at Baku, Russia. Oxi¬ 
dizes naphthalene. 

Bacillus naphthalinicus nou-ligucfa- 
cie7is Tausson. (Planta, 4, 1927, 214.) 
From oil-soaked soils at Baku, Russia. 
Oxidizes naphthalene. 

Bacillus fiebulosus Migula. {Bacillus 
iuberigenus 3, Gonnorinann, Land- 
wirtsch. Jahrb., 23, 1894, 656; Migula, 
Syst. d. Bakt., 2, 1900, 844; not Bacillus 
nebulosus Wright, Mem. X’at. Acad. Sci., 
7,1894, 465; not Bacillus nebulosus Halid, 
These de Paris, 1898; not Bacillus nebu¬ 
losus Vincent, Ann. Inst. Past., 21, 1907, 
69; not Bacillus nebulosus Goresline, 
Jour. Bact., 27, 1934, 52.) From root 
nodules on lupine. 

Bacillus necans Trevisan. (Bacille 
consdeutif au charbon, Babes, in Cornil 
and Babes, Les Baetdries, 2nd ed., 1886, 
231; Trevisan, I generi e le specie delle 
Batteriacee, 1889, 14.) From rabbits 
dead from anthrax. 

Bacillus 7iephrUicus Trevisan. (Ba¬ 
cille de la ndphritc baetdrienne, Babes, 
in Cornil and Babes, Ecs Baetdries, 2nd 
ed., 1886, 373; Trevisan, I generi c le 
specie delle Batteriacee, 1889, 14.) 
From mine in cases of nephritis. 

Bacillus neuroto77iae Paillot. (Coinpt. 
rend. Acad. Sci., Paris, 178, 1924 , 247; 
probably identical with Bacleriu/n neuro- 
fo77iae Paillot, E’infection chez les in- 
sectes, 1933, 146.) From diseased larvae 
of a sawfly (A''eMro/owa nemoralis E.). 

Bacillus nitens Migula. {Bacillus 
ooyeiies hydrosulfureus i, Zorkendorfer, 
Arch. f. Hyg., 16, 1893, 390; Migula, 
Syst. d. Bakt., 2, 1900,793.) From hens’ 
eggs- 

Bacillus ochroleucus Migula. {Bacil¬ 
lus oogenes hydrosulfureus e, Zorkendor¬ 
fer, Arch. f. Hyg., 16, 1893, 387; Migula, 
Syst. d. Bakt., 2, 1900, 844.) From 
hens' eggs. 

Bacillus odoralus Weiss. (Weiss, Arb. 
bakt. Inst. Karlsruhe, 2, 1902, 243; not 
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Bacillus odoralus Migula, Syst. cl. Bakt., 

2, 1000, 6SG; Bacterium odoratum Omeli- 
ansky, Jour. Bact., 8, 1023, 394.) From 
fcrmcnlccl beets. 

Bacillus odorijlcans Migula. iWeisser 
stinkcnder Bacillus, Maschek, Bakt. 
Untersucii. d. Leilmcritzcr Trinkwiisser, 
Leitmcritz, 1887; Migula, Syst. d. Bakt., 
2, 1000, 711.) From water. Intense 
odor resembling that of Hciuid manure. 

Bacillus odorificus Oiiicliansky. 
fjour. Bact., 8, 1923, 393.) Probably 
intended for Bacillus odorijlcans Migula. 

Bacillus odorus llenrici. {Arb. bakt. 
Inst. Karlsruhe, t, Heft 1, 1894, 30.) 
From cream cheese. 

Bacillus oonergasius Trevisan. (Ba- 
cille du mucus intestinal normal c, 
Babes, in Cornil and Babes, Les Bac- 
t(5ries, 2nd cd., 1880, 153; Trevisan, I 
generi e le specie delle Batteriacee, 
1889, 15.) From normal intestinal 

mucus. 

Bacillus osteomyeliticus Trevisan. 
(Baeille de Postaomy^lite, Rodet; Trevi¬ 
san. 1884; see Trevisan, I generi e le 
specie delle Batteriacee, 1889, 16.) 

From a case of osteomyelitis. 

Bacillus oxylaclicus Dyar. (Ann. 
K. V. Acad. Sci., 8, 1895, 369.) Culture 
received from Krill's laboratory labeled 
Bacillus oxylaclicus; also from air. 

Bacillus pallescens Migula. (Bacillus 
luteus pallescens Losski, Inaug. Diss., 
Dorpat, 1893, 44; Migula, Syst. d. Bakt., 
2, 1900, 819.) From garden soil. 

Bacillus pallidas Schroeter. (Schroe- 
ter, in Cohn, Kryptog. Flora v. Schle- 
sieii, 3, 1, 1886, 158; not Bacillus pallidas 
Brcdemann and Heigcner, Cent. f. 
Bakt., II Abt., 93, 1935. 98.) From 
cooked potato. 

Bacillus panijicans Laurent. (Bull. 
Soc. R. Bot, Belg., 1885, 175.) From 

fermenting dough. 

Bacillus pannosus Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 409.) 
From the stomachs and intestines of 

birds. 

Bacillus pansinii Migula. (Bacillus 
No. 12, Pansini, Arch. f. path. Anat., 


122, 1890, 477; Migula, Syst. d. Bakt., 
2, 1000, 660.) From sputum. 

Bacillus parallelus Edson and Car¬ 
penter. (Vermont Agr. Exp. Sta. Bull. 
167, 1912, 593.) From maple sap. Cap* 
sulatcd. At times feebly fluorescent. 

Bacillus pauUulus Trevisan. (Bacille 
de Pair d. Babes, in Cornil and Babes, 
Les Bacteries, 2nded., 1886, 149 ; Trevi¬ 
san, I generi e le specie delle Batteriacee, 

1889, 20.) From air. 

Bacillus pectinophorae White an 
Noble. (Jour. Econ. EntomoL, 29, U30, 

123. ) From diseased pink bollworni 
larvae (Pcctinophora gossyptella)- 

Bacillus pediculi Arkwright and Baco . 

(Parasitol., IS, 1921,26.) 
tal apparatus of the louse 

humanus). .,i„- 

Bacillus pcllucidus Doyen. 
urinae pcllucidus Doyen, Jour. d. c 
naiss. m6dic., 1889, 107; Doyen. 

108; not Bacillus pcllucidus I\prxi, • 
bakt. Inst. Karlsruhe, /. Heft , 

404.) From urine. 

Bacillus pcrlilnUus 

(Cent. f. Bakt., /4, 1893, 831.) From 

bean infusion. (Hacillo 

Bacillus pcrro/icifi Trevisan. | . 

della pneumonite nodulare ei \ 

Perroneito. Parassiti ‘‘ell’uonm e deg, 

animali utili, 1882, 52; Trevisan Ig ^ 

e le specie delle iftagious 

From pulmonary nodules in 

pneumonia in calves. ,D„cieriuin 

Bacillus pelenii M.gu.a- iB^cU^ 

B, Peters, Botan. /ei*., 
terium acidi laclici Kruse, m ^ 

Die Mikroorganismen, 3 ; -- 

357; not Bacterium ’gac- 

Spaltpilze, 2 -Vufl , 1 ’ ^ cr„tenfel‘. 

terium addi lactiei I an 

Fortschr. cl. Med., 7, 1 . ’ gj,g|er 

terium acidi lactici ‘'•‘f"';;' 

and Prantl, Die naturl. P , 

/, la, 1895 , 25; Migula, ' j^ugh. 

S, 19«), 799.) Fron. --nUn?^^ 

Probably Bacterium lei jaHow"* 

Bacillus Vl'emantlireni 
Tausson. (Plants, 1928. 
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soil. Utilizes phonanthrene and other 
hydrocarbons. 

Bacillus phenanlhrenicus guricus Taus- 
son. (Planta, 6, 1928, 239.) From soil. 
Utilizes phenanthreno and other hydro¬ 
carbons. 

Bacillus pkenologenes Berthelot. 
(Ann. Inst. Past,, S2y 1918, 20.) From 
feces. Forms phenol. 

Bacillus pieris agilis Paillot. (Compt. 
rend. Acad. Sci., Paris. 168, 1919, 477.) 
Fromdiseasedcaterpillars of thecabbage 
butterfly {Pieris brassicae). 

Bacillus pieris fiuorescens Paillot. 
(Compt. rend. Acad. Sci., Paris, 168, 
1919, 477; Ann. fipiphyt., 8, 1922, 124.) 
From diseased caterpillars of the cab¬ 
bage butterfly {Pieris brassicae). 

Bacillus pieris liqucjaciens Paillot. 
(Compt. rend. Acad. Sci.,Paris, 168 ,1919 
477; Bacillus pieris liqucjaciens a Paillot, 
Annales des fipiphyties, 8, 1922, 125.) 
From diseased caterpillars of the cabbage 
butterfly (Pieris brassicae). If this 
author followed his usual custom, this is 
identical with his Bact. pieris liquefaciens 
in his book, L’infection chez Ics insectes, 
1933. 135. 

Bacillus pieris liquefaciens Paillot. 
(Annales des fipiphyties, 8, 1922, 126; 
name occurs as B. pieris liquefaciens 0 
Paillot, L’infection chez les insectes, 
1933, 299. According to the index B. 
stands for Bacterium.) From diseased 
caterpillars of the cabbage butterfly 
(Pieris brassicae). 

Bacillus pieris non-liquefaciens a Pail¬ 
lot. (Compt. rend. Acad. Sci., Paris, 168, 
1919, 477; B. pieris non-liquefacins a 
Paillot, L’infection chez les insectes, 
1933, 135 ff. According to the index 
B. stands for Bacterium.) From the cab¬ 
bage butterfly (Pieris brassicae). 

Bacillus pieris non-liquefaciens 0 Pail¬ 
lot. (Compt. rend. Acad. Sci., Paris, 
168, 1919, 474; B. pieris non-liquefaciens 
0 Paillot, L’infection chez les insectes, 
1933, 299; according to the index, the 
B. stands for Bacterium.) From dis¬ 
eased caterpillars of the cabbage butter¬ 
fly (Pieris brassicae). 


Bacillus pleomorphus Migula. (Ba¬ 
cillus murisepiicus pleomorphus Kar- 
liUski, Cent. f. Bakt., 6, 1889, 193; Bac¬ 
terium murisepiicus pleomorphus Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 102; Migula, Syst. d. Bakt., 
2, 1900, 649; Bacillus jnurisepticus Ches¬ 
ter, Man. Determ. Bact., 1901, 247; not 
Bacillus murisepiicus Fliigge, Die Mikro- 
organismen, 2 .\ufl., 1886, 250.) From 
pus. 

Bacillus plicaius Frankland and 
Frankland. (Philos. Trans. Roy. Soc. 
London, 778, B, 1888, 273; not Bacillus 
plicaius Zimmcrmann, see Frankland 
and Frankland, Microorganisms in Wa¬ 
ter, London, 1894, 459.) From air. 

Bacillus plumbeus Migula. (Grau ver- 
fliissigender Bacillus, Keck, Inaug. Diss., 
Dorpat, 1890, 54; Migula, Syst. d. Bakt., 
2, 1900, 719.) From water. 

Bacillus pneumo-enierilidis murium 

Schilling. (Arb. a. d. kaiseil. Gesund- 

heitsamte, 78, Heft 1, 1900.) From a 

disease of rats. 

* 

Bacillus pneumoscpiicus Kruse. 
(Pneumonic bacillus, Klein, Cent. f. 
Bakt., 6, 1889, 625; Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
408; not Bacillus pneumosepticus Babes, 
Progrbs mbd. rouinain., 6, 1889; Bac¬ 
terium pticurnoscpiicus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., P, 1897, 
76.) From rusty sputum. Considered 
the cause of an epidemic of pneumonia 
in England. 

Bacillus poelsii Chester. (Vlecschver- 
giftung te Rotterdam, Pools and Dhont; 
Tweede Rapport van de des Kundigen; 
Chester, Man. Determ. Bact., 1901, 209.) 
From beef in meat poisoning. 

Bacillus pomodoriferus Castellan!. 
(Proc. Soc. Exp. Biol, and Med., 25, 
1928, 540.) From the urine in a case of 
cystitis and from feces. 

Bacillus ponui Glaser. (Ann. En- 
tomol. Soc. Am., //, 1918, 19.) Patho¬ 
genic for the insects, Melanoplus femur- 
rubrum and Encoplolopus sordidus. 

Bacillus praepollens Maassen. (Arb. 
a. d. kaiscrl. Gesundheitsamte, 16, 
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1800, 507.) From sweat of a cholera 
])at lent. 

Bcicillus primus fuUesi Dyar. (Ann. 
X. Y. Aca<l. Sci., 8, 1805, 300; Bacterium 
primus ftiUcsi Chester, Ann. Kept. Del. 
C’ol. Agr. Exp. Sla., 9, 1807, 72.) From 
a leaf of the pitcher plant {Sarracenia 
purpurea). Kegartleil by Dyar as identi¬ 
cal with Ilacillus Xo. I, isolated by 
Fulles (Ztscdir. f. llyf^.. 10, 1801, 250) 
from forest soil. 

Bacillus promissus Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1800, 420.) 
From the intestines of a dove. 

Bacillus proiiidis Ihiillot. {Annales 
<les Epiphyties, 8, 1022, 130.) From dis- 
(“used larvae of the cabl)age Ijiitterfly 
(Bieris hrassicae). 

Bacillus prolervus Trevlsan. (Hacil- 
lus der Conjnnctivalsack (/, Fick, Micro¬ 
organ. in Conjunctivalsaek, ^\iesbaden, 
1887; Trevisan, I generi c le specie delle 
Hatteriacee, 1880, 17.) From the con¬ 
junctiva. 

Bacillus pruddeni Dyar. (Ann. X. \ . 
Acad. Hci., 8. 1805, 378.) Found by 
Dr. Frudden in a ease of cystitis. 

Bacillus pscudomirabilis Migula. 
(Bacillus mirabilis Tataroff, Inaug. 
Diss., Dorpat, 1891, IS; Migula. Syst. d. 
Eakt., 2, 1000, 818.) From water. Ac¬ 
cording to Migula, TatarolT nustakenly 
believed that he had Zimmermann’s 
Bacillus mirabilis. 

Bacillus pscudutuberculosis Migula. 
(Du Cazal and Vaillard, Ann. Inst. 
Past., 5, 1801,353; Bacillus pseudo/uber- 
culosis liquefaciens Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
455; Migula, Syst. d. Bakt., 2, 1900. 644.) 
From nodules in the peritoneum. 

Bacillus pseudotyphosus Kruse. (I.o- 
sener, Arb. a. d. kaiserl. Gesundheit- 
samte, 11, 1895, 2; Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896 , 383, 
Bacterium pseudotyphosus Chester, 

Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
73* not Bacterium pseudolyhposum Mi¬ 
gula, Syst. d. Bakt., 2, 1900, 428.) Iso¬ 
lated by Losener from peritoneal fluid of 
a hog, from water, etc.; by Pansini from 


a liver abscess; by Babes Irohi a variety 
of sources. Kruse used this as a general 
name for any typlioid-likc organism. 

Bacillus pulpae pyogenes Miller. (Mil¬ 
ler, Die Mikroorganismen der Mund- 
hdhle, Leipzig, 1889, 219.) From gangre¬ 
nous pulp of a tooth. 

Bacillus punclatus ShuPgina and Kali- 
nicker. (Hep. Bur. .Appl. Ent., Lenin¬ 
grad, 3, Xo. 1, 1927, 99-104, quoted from 
Sleinhaus, Bact. Assoc. ExtraccH. with 
Insects and Ticks, Minneapolis, 19-12, 
79- not Bacillus punclatus Zimmermanii, 
Bakt. unsercr Trink- u. Xutzwasser, 
Chemnitz, I Keihe, 1890, 38.) From the 

locust (Locusta migratoria). 

Bacillus puncticulatus Migula- (* ®* 
16. Lembkc, Arch. f. Hyg., 29, 1B97, 32^' 
Migula, Syst. cl. Bakt., 1900, 6/8.) 

From feces. , . . 

Bacillus putidus Kern. (Kern, A ■ 
bakt. Inst. Karlsruhe, 1, Heft 4, 1 - 

400; not Bacillus putidus Chester, ^ « • 
Determ. Bact.. 1901, 237; not tod/n* 
putidus Weinberg et ah. Lcs _ 

Ana^rohies, 1937, 790.) From the ston 

ach and intestines of birds. 

Bacillus pylori l•o^(l. (Studies ten 

the Koyal Victoria Hosp., ' 

(5), 1903, 44; also see Jour. Med. es.. 

1901, 217.) From the stomach. 
Bacillus pyogenes Lucet. « ^ 

pyogenes hovis Bacil- 

7, 1893, 372; Lucet, ibid., 328, n 

lus pyogenes Cdage, Ztsehr. f- F ^ . 

Milclihyg.. 1«03. 166.) From bo.me 

abscesses. Uaueiaciens 

Bacillus pyogenes var. ^ ^ 

Chester. (Bacillus pi/offcnes ; 
liquefaciens Lanz, Cent. ' 

1893, 277; Bacterium pyogen J 

liquefaciens Chester Ann- « P ^ 

Col. Agr. From 

Man. Detcrm. Bact., 190L . 

a brain abscess after n** (\im- 

Bacillus pyogenes ”„;,d'from 

Jour. Med. Sci., June, 1892, qu ^ 

Sternberg, Man. of Bact., 

From garden earth. paillot. 

Bacillus pyrameis I aun » 
(Compt. rend. Acad. Sci., 
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1913, 611.) From tissues and blood of 
the caterpillar of Pyranicis (Fa/iessa) 
cardui. A coccobacillus. 

Bacillus radians Trevisan. (Bac- 
t<^rie de I’air No. 2, Babes, in Cornil and 
Babes, Les Baetdries, 2nd cd., 1886,140; 
Trevisan, I generi e le specie delle 
Batteriacee, 1889, 20.) From air. 

Bacillus ramificans Migula. (Bacillus 
No. 9, Pansini, Arch. f. path. Anat., 122, 
1890, 445; Migula, Syst. d. Bakt., 2, 
1900, 661; Bacillus pajisini Chester, 
Man, Determ. Bact., 1901, 246; not Ba¬ 
cillus pansinii Migula, loc. cit., 660.) 
From sputum. 

Bacillus recuperalus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 439; Bac- 
lerium recuperalus Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 74.) 
From Schuylkill River water. 

Bacillus repazii Herter. (Bacillus 
molinijorviis llepazi, Compt. rend. Soc. 
Biol., Paris, 68, 1910, 410; not Bacillus 
moniliforviis Gamier, Arch. M^d. expdr. 
et Anat, pathol., 19, 1908, 785; Herter, 
in Just’s Botan. Jahresber., 39, 2 Abt., 
Heft 4, 1915, 750.) From a lung abscess. 

Bacillus rhinilis atrophicans Paulsen. 
(Paulsen, quoted from Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
79; Bacterium rhinitis atrophicans Ches¬ 
ter, ibid., 141.) From nasal secretions. 

Bacillus rigidus apis White. (Jour. 
Path, and Bact., 24, 1921, 70.) From 
intestine of bee. 

Bacillus rogerii Migula. (Bacillus 
septicus pulidus Roger, Revue de Mdd,, 
1891, 10; Migula, Syst. d. Bakt., 2, 
1900, 647; Bacterium septicus putidus 
Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 92; Bacillus putidus 
Chester, Man. Dcterm. Bact., 1901, 237; 
not Bacillus pulidus Kern, Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 400; 
not Bacillus putidus Weinberg et al., 
Los Microbes Ana<^robies, 1937, 790.) 
From the spinal fluid and liver in a case of 

cholera. 

Bacillus rosaceua Migula. (Bacillus 
Tosaceus margarinicus Jollcs and Wink¬ 
ler, Ztschr. f. Hyg., SO, 1895,105; Migula, 


Syst. d. Bakt., 2, 1900, 859.) From mar¬ 
garine. Red pigment. 

Bacillus rosaceus metaloides Dyar. 
(Bacterium rosaceus metaloides Dowdes- 
well, Ann. de Micrographie, 1, 1888-89, 
310; Dyar, Ann. N. Y. Acad. Sci., 8, 

1895, 376; not Bacillus rosaceus metal- 
hides Tataroff, Inaug. Diss., Dorpat, 
1891, 65, see HefTeran, Cent. f. Bakt., 
II Abt., 8, 1902, 689; Bacterium rosaceum 
Lehmann and Neumann, Bakt. Diag., 
2 Aufl., 2, 1899, 261.) Culture from Dr. 
Crookshank, London. 

Bacillus roseus Migula. (Halibac- 
terium roseum Fischer, Die Bakterien 
des Meeres, 1894, 22; Migula, Syst. d. 
Bakt., 2, 1900, 860; Bacillus roseus fis- 
cheri Nepveux, Those, Fac. Pharm. 
Paris, 1920, 115.) From sea water. Red 
pigment. 

Bacillus rosenthalii Migula. (Rosen¬ 
thal, Inaug. Diss., Berlin, 1893, 37; 
Migula, Sysl. d. Bakt., 2, liHK), 056.) 
From the oral cavity. 

Bacillus rubescens Edington. (Ann. 
Rept. Fish. Board for Scotland, G, 1887, 
204.) From reddened salted codfish. 

Bacillus rubescens Jordan. (Jordan, 
Massachusetts State Board of Health, 
Boston, 1890 , 835; Bacterium rubescens 
Chester, .\nn. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 115.) From sewage. 

Bacillus rubiginosus Catiano. (In 
Cohn, Beitr. z. Biol. d. Pflanzen, 7, 

1896, 538.) From the vagina. liecl 
pigment. 

Bacillus rubiformis Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 431.) 
From the stomach of a bird. 

Bacillus rubrofuscus (Fischer) Migula. 
(Ilalibacterium rubrofuscum Fischer, Die 
Bakterien des Meeres, 1894, 36; Migula, 
Syst. d. Bakt., 2, 1900, 865.) From sea 
water. 

Bacillus rubus (sic) Chester. (Dor 
rothcr Bacillus, Lustig, Diag. d. Bakt. 
d. Wassers, 1893, 72; Bacillus ruber aqua- 
tilis Kruse, in Fltigge, Die Mikroorganis- 
men, 3 Aufl., 2, 1896,303; Bacterium ruber 
aquatilis Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 112; Chester, 



668 


MAXUAL OF DETERmNATlVE BACTERIOLOGY 


Man. Detorm. Bact., 1901, 257; Bacillus 
lusligi Chester, ibid., 304.) From water. 

Bacillus sabnoneus Dyar. (Dyar, 
Ann. X. V. .\catl. Sci., 8, 1895, 361; 

Bacterium sabnoneus Chester, Ann. Kept. 
Del. Col. .Vgr. F\p. Sta., 9, 1807, 116.) 
From air. 

Bacillus salutarius Metchnikoff. 
(MctchnikotT, Maladies des hannetons 
du ble, Odessa (in Russian), quoted 
from Paillot, L’infcction chez les in- 
seetes, Paris, 1933, 123.) From diseased 
larvae of a beetle {Anisoplia austriaca). 

Bacillus sanguineus Schroeter. (In 
Cohn, Kryplog. Flora v. Sehlesien, 3, 1, 
1886, 156.) From stagnant water. 

Bacillus saponaceus Migula. (Bacil¬ 
lus lactis saponacci Weigman and Zirn, 
Cent. f. Bakt., 15, 1894, 464; Migula, 
Syst. d. Bakt., 3, 1900, 692.) From 
soapy milk. 

Bacillus saprogenes Chester. (Bacil¬ 
lus saprogenes vini VI Kramer, Bak* 
teriol. Landwirtsch., 1890, 139; Chester, 
Man. Determ. Bact., 1901, 289.) From 
diseased wine. 

Bacillus saprogenes Trevisan. (Bacil¬ 
lus saprogenes /, Rosenbach, Mikro- 
organismen bei den W undinfections- 
krankheiten des Menschen, Wiesbaden, 
1884; Trevisan, I gencri e le specie delle 
Batteriacee, 1889, 17; Bacterium sapro¬ 
genes Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 142.) From 

feces. 

Bacillus sarracenicolus Dyar. (Dyar, 

Ann. N. Y. Acad. Sci., 8, 1895, 357; 
Bacterium sorrocemcofus (sic) Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897,81.) From a fresh leaf of the pitcher 
plant (Sarracenia purpurea). 

Bacillus scarlatinae Jamieson and Ed- 
ington. (Jamieson and Edington, Brit. 
Med. Jour., 1, 1887, 1265; Bacillus suda- 
tninis Trevisan, I generi e le specie delle 
Batteriacee, 1889, 15.) From the skin 
of scarlet fever patients. 

Bacillus scoticus Migula. (Bacillus 
der Grouse-disease, Klein, Cent. f. 

Bakt., 6, 1889, 36 and 593; ibid., 7, 1890, 
81; Migula, Syst. d. Bakt., 2, 1900, 768; 


Bacillus tetraonis Chester, Man. De¬ 
term. Bact., 1901, 221.) The cause of a 
disease of grouse (Lagopus scoticus) in 

England and Scotland. 

Bacillus secundus Trevisan. (Bacillus 
11, Leube, Arch. f. path. Anat., 100, 1885, 
000; Trevisan, I generi e le specie delle 
Batteriacee, 1889, 16.) From urine. 

Bacillus secundus fullest Dyar. 
(Dyar, Ann. N. Y. Acad. Sci., 8, 1895. 
359; Bacterium secundus fulessii (sic) 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 0, 1897, 82; Bacterium secundus ful- 
lesi Chester, ibid., 143.) From air 
Dyar regarded his organism as idcntica 
with Bacillus No. 2 of Fulles (Ztschr. ■ 

Hyg., 10, 1891, 250) which was from soil. 

Bacillus scpticaemiae lophyri Shipero 
vich. (Shiperovich, Protect. Pants 

Ukraine, 1925, 41-46; Abs. in Rev. App ■ 
Ent., A., /J. 1926. 209.) From larvae o 


lawflies (Diprion sertifer). 

Bacillus septicaemicus Trevisan. \ 

.■illus of septicemia of man, Klein, 
organisms and Disease, 1885, 84, r® 
jan, in DeToni and trevisan, m & ■ 
?ardo, Sylloge Fung.irum, 8, 

From blood and infected lymph glanci - 
Bacillus septicus hominis Mironon. 
(Mironoff, Cent. f. GynakoL, 1892- » 

Hacterium septicus hominis 

Ann. Rept. Del. Col. Agr- E^P; ’ 
1897, 143.) From a case 
lion of the uterus. Regarded > ^ 

ter (Man. Determ. Bact., 1901,14 ) 

..c D^oidnirfilla aflriflcno 




Bacillus septicus vesicae Clad»- 
1. See. anatom. deParis^ 
om the urine of a person suffering 

Zimmerniann- 

Bacillus seruc^ /'^tz^asser, 
lakt. unserer Tnnk u. 
lemnitz, S, 1894, 52A 

Bacillus serralus 4nat.. 

0 . 14. Pansini. Areh. f. pa'h- _ 
2, 1890 , 449; Migula, Syst. ■ 
l’900, 658.) Erom sputum. 

Bacillus setosusUie»l^- ( j^b., 

VIII. Adametz. Landwirtsch. 
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18, 1889, 250; Migula, Syst. d. Bakt., 2, 
1900,812.) From cheese. 

Bacillus silbersckmidii Chester. (Ba¬ 
cillus der Flcischvergiftung, Silber- 
schmidt, Corrcspondenz-Blatt f. Schwei- 
zer Aerzte, 1896, No. 8; Chester, Man. 
Determ. Bact., 1901,212.) From poison¬ 
ous meat. 

Bacillus simulans Trevisan. (Bacille 
de Fair a, Babes, in Cornil and Babes, 
Les Bactdries, 2nd ed., 1886, 149; Trevi¬ 
san, I generi e le specie delle Batteriacee, 
1889 , 20.) From air. 

Bacillus singularis Losski. (Inaug. 
Dies., Dorpat, 1893, 45.) From garden 
soil. 

Bacillus siticulosus Kern. (.4rb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 423.) 
Frcm the stomachs ami intestines of 
birds. 

Bacillus sordiilus Dyar. (Dyar, Ann. 
N. Y. Acad. Sci., 8, 1895, 379; Bacterium 
sordidus Chester, Ann. Kept. Del. Col. 
Agr. Kxp. Sta., 9, 1897, 79.) Culture 
received by Dyar as Micrococcus sordidus 
from KrhFs laboratory. 

Bacillus sordidus Kern. (.\rb. Bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 396.) 
From the stomach of a bird. 

Bacillus spermophilinus Issalchcnko. 
(Fin aus Zieselmausen ausgeschiedener 
Bacillus,Mcrcschkowsky, Cent. f. Bakt., 
17, 1895, 742; Issatchenko, Scripts Bo- 
tanica Hort. Univ. Imp. Petropolitanae, 
Fasc. XV, 1897; quoted from Migula, 
Syst. d. Bakt., 2, 1900,618.) Apparently 
resembled Salmonella typhimuriuvi. 
From ground squirrels {Spermophilus 
niusicus ). 

Bacillus spirans Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 222.) 
From bean infusions. 

Bacillus spumosus Zimmermann. 
(Bakt. unsercr Trink- u. Nutzwiisser, 
Chemnitz, £, 1894, 28.) From water. 

Bacillus squamosus Pansini. (Arch, 
f. path. Anat,, 122, 1890, 448.) From 
sputum. 

Bacillus strassmanni Trevisan. {Ba¬ 
cillus albus cadaveris Strassmann and 
Strecker, Ztsohr. f. Medicinalbeamte, 


1888; Trevisan, I generi e le specie delle 
Batteriacee, 1889, 17; Bacterium albus 
cadaveris Chester, Ann. Kept. Del. Col. 
Agr. E.vp. Sta., 9, 1897. 102; Bacillus ca¬ 
daveris Migula, Syst. d. Bakt., 2, 1900, 
646.) From the blood of an infant. 

Bacillus slriatus Doyen. {Bacillus 
urinae striatus Doi-^en, Jour. d. connaiss. 
m(5dic., 1889, 107; Doyen, ibid., 108.) 
From urine. 

Bacillus striatus albus von Besser. 
(Ziegler’s Beitrage, 4, 1889, 331.) Found 
in normal nasal mucus. 

Bacillus striatus Jlavus von Besser. 
(Ziegler’s Beitrage, 4, 1889, 331; Bac¬ 
terium striatus Jl'jvus Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 111.) 
From nasal mucus. Rare. 

Bacillus strumitidis Migula. {Bacillus 
strumitis a, Tavel, Ueber die Aetiologic 
der Strumitis, Basel, 1892, 81; Migula, 
Syst. d. Bakt., 2, 1900, 741.) From a 
case of strumitis. 

Bacillus strumitis Tavel. (Tavel, 
1889; see Viquerat, Ann. de Micro- 
graphie, ;g, 1889-1890,228.) From acute 
catarrhal strumitis. 

Bacillus subcoccoideus Migula. {Ba¬ 
cillus aquatilis sulcalus III, Weichsel- 
baum, Das osterreichische Sanitiitswe- 
sen, 1889, No. 14-23; Migula, Syst. d. 
Bakt., 2, 1900, 732.) From water. 

Bacillus subjlavus Zimmermann. 
(Zimmermann, Bakt. unserer Trink. u. 
Nutzwiisser, Chemnitz, /, 1890, 62; Bac¬ 
terium sutfiavus Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 109.) 
From water. According to Chester 
(Man. Determ. Bact., 1901,254), Bacillus 
Jlavescens Pohl is identical with this 
species. 

Bacillus subgastricus White. (U. S. 
Dept. Agr. Bur. Ent., Tech. Bui. 14, 
1906, 23.) From intestinal contents of 
honey bee (Apis mclli/era). While this 
does not appear to be the same as Bacil¬ 
lus gastricus Ford (see Steinhau.s, Bac¬ 
teria Associated Extracellularly with 
Insects and Ticks. Minneapolis, 1942, 
85), it may have been described by some 
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previous author as White does not indi¬ 
cate that he regards it as new. 

Bacillus sulochraceus Dyar. (Dvar, 
Ann. N. V. Acad. Sci., 8, 1895, 35S; 
Baclcriuin subochraccus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
110.) From air. 

Bacillus subrubiginosus Migula. 
(Braunroter Bacillus. Maschek, Bakt. 
I'ntersuch. d. Leitineritzer Trinkwiisser, 
Leitmoritz, 1887; Migula, Syst. d. Bakt., 
2, 1900, 836.) From water. 

Bacillus suhsulcatus Miguia. (Bacil¬ 
lus aquatilis sulcatus II, Weichselbaum, 
Das osterreichische Sanitiitswesen, 1889, 

No. 14-23; Migula, Syst. d. Bakt., 2, 
1900, 732.) From water. 

Bacillus sulcatus Chester. (Bacillus 
sxdcatus liquefacicus Kruse, in Fltigge, 
Die Mikroorganismen, 3 .Xufk, >1, 1806, 
318; Bacieriuui sulcatus liqucfacicns 
Chiter, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 97; Chester, Man. Determ. 
Bact., 1901, 213; not Bacillus sulcatus 
Migula, Syst. d. Bakt., 2, 1900, 731.) 
From water. 

Bacillus sulcatus Migula. (Bacillus 
aquatilis sulcatus /, Weichselbaum, Das 
osterreichische Sanitiitswesen, 1889, No. 
14-23; Migula, Syst. d. Bakt., 2, 1900, 
731.) From water. 

Bacillus sulfh ydrogenus Miquel. 
(Ann. de Micrographie, 1, 1888-1889, 

369.) From sewage. 

Bacillus tardissimus DeToni and Tre- 
visan. (Bacillus Jluidificans tardissimus 
Maggiora, Giorn. Soc. ital. d Igiene, //, 
1889, 347; DeToni and Trcvisan, in Sac- 
cardo, Sylloge Fungorum, 8, 1889 , 967.) 
From the skin of the human foot. 

Bacillus tartricus Grimbert and Fi- 
quet. (Jour. Pharm. et de Chim., 6 “ 
S<Sr., 7, 1898,97; Compt. rend. Soc. Biol., 
49, 1897, 962.) Decomposes d-tartrates. 
Probably identical with Acrobacter 
cloacae (Vaughn ct al.. Jour. Bact., 62, 
1946, 324). 

Bacillus telmatis Trevisan. (Baallus 
saprogenes 2, Rosenbach, Mikroorganis¬ 
men bei den Wundinfectionskrankheiten 
des Menschen, Wiesbaden, 1884; Trevi¬ 


san, I generi e le specie delle Batteriacee, 
1889, 14.) From perspiration of feet. 

Bacillus tenuis Doyen. (Bacillus 
urinae tenuis Doyen, Jour. d. connaiss. 
m6dic., 1889, 107; Doyen, ibid., 108; not 
Bacillus tenuis Migula, Syst. d. Bakt., 2, 
1900, 587; Bacillus teyiuatus Trevisan, 
in DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889 , 948.) From 
urine. 

Bacillus tenuis apis White. (Jour. 
Path, and Bact., 24, 1921, 72.) From 

intestine of bee. 

Bacillus terrigenus Frank. 
deutsch. botan. Gesellsch., 4, 1886, 000.) 

From soil. ... 

Bacillus thermophilus Miquel. 0 ^ 
quel, Ann. de Microgr., J, 1888-1889» , 
not Bacillus thermophilus Chester, i au. 
Determ. Bact., 1901, 265; not Baci 
thermophilus Bergey et ah, Manual, s 
ed., 1923, 315.) From water, sewage, 

soil, etc. Y 

Bacillus theta Dyar. (Ann. iN- * 

Acad. Sci., 8, 1895, 375; Bacterium theta 

Chester, Ann. Kept. Del. Co. ^ 
Exp. Sta., 9, 1897, 144.) from air 
Bacillus tingens Eckstein, (^-tsci ^ 
Forst- u. Jagdwesen, 26, 1894,10.) 
dead larvae of Orgyia -ta 

Bacillus toluolicumT9.\isson, ( ’ 

7, 1929, 735.) From soil. Oxidizes 


'■acillus toxigenus C)hester. 

ice cream poisoning, 303 . 

■kins, Arch. f. Hyg-, 

^ster, Man. Determ. Bact., 

.) From poisonous ‘jf "^“”,Tram- 
tacillus trambusln Kruse^ ^ ^ 

,ti and Galeotti, Cent, f- 
2, 717; Kruse, in 

anismen, 3 Aufl., ’ j^ept- 

urn Iratnbusii Chester, . n • 


"’^f®*** ^ -..^n (Ba- 

Ulus fremacrffasfws Ti'evis 

du mucus intestin^ n P 

- Cornil and j 

, 2 nd ed., 1886, 153, ^ 

From normal intestinal 
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Bacillus trimeihylamin Beijerinck. 
(Bot. Zeitung, ^5, 18S8, 726.) 

Bacillus tndtae Mersch. (Quoted 
from Lehmann and Neumann, Bakt. 
Diag., 7 Aufl., 2, 1927, 481.) Closely 
related to Bacterium salmonicida Leh¬ 
mann and Neumann. 

Bacillus iumidus Chester. (Anaerobe 
Bacillus I, Sanfelice, Ztschr. f. Hyg., 
14 , 1893, 268; Chester, Man. Determ. 
Bact., 1901, 265.) From putrefying 
flesh. Strict anaerobe. 

Bacillus uffreduzzii Trevisan. (Bat- 
terio della setticemiasalivare nei conigli, 
Bordoni-Uffreduzzi and Di-Mattei, Arch, 
per le scienze med., JO, 1886; Trevisan, 
see DeToni and Trevisan, in Saceardo, 
Syllogc Fungorum, 8, 1889, 951.) From 
normal human saliva. 

Bacillus ulna Cohn. (Beitr. z. Biol, 
d. Pflanz., /, Heft 2, 1872, 177.) From 
water, air, etc. 

Bacillus umbilicatus Zimmermann. 
(Bakt. unserer Trink- u. Nutzwasser, 
Chemnitz, 2, 1894, 6.) From water. 

Bacillus urinae Migula. (Ein Harn- 
bacterium, Karplus, Arch. f. path. Anat., 
ISl, 1893, 211; Migula, Syst. d. Bakt., 2, 
1900, 739.) From urine. 

Bacillus utpadeli Trevisan. (Bacillus 
aua Zwischendeckenfullung, Utpadel, 
Arch. f. Hyg., 6, 1887, 359; Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
16.) From the intestine. 

Bacillus vacuolalus Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, 357; Bac¬ 
terium vacuolatus Chester, Ann. Uept. 
Del. Col. Agr. Exp. Sta., 5, 1897, 81.) 
From a trap of the carnivorous water 
plant, UiriculaTia vulgaris. 

Bacillus vegetus Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 399.) 
From the stomach and intestines of 
birds. 

BacillusvcloxKcrn. (Arb. bakt. Inst. 
Karlsruhe, /, Heft 4, 1896, 405.) From 
the stomach and intestines of birds. 

Bacillus venenosus brevis Vaughan. 
(Amer. Jour. Med. Sci., I 04 , 1892, 192; 
Bacterium venenosus and Bacterium vene¬ 
nosus brevis Chester, Ann. Kept. Del. 


Col. Agr. Exp. Sta., 9, 1897, 76.) From 
water. 

Bacillus venenosus Chester. (Bacillus 
venenosus invisibilis Vaughan, Amor. 
Jour. Med. Sci., IO 4 , 1892,192; Bacterium 
venenosus invisibilis Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 76; 
Chester, Man. Determ. Bact., 1901, 224; 
not Bacillus venenosus Vaughan, .\mer. 
Jour. Med. Sci., 104 , 1892, 191.) From 
water. 

Bacillus venenosus Uquefaciens 
Vaughan. (Amer. Jour. Med. Sci., I 04 , 
1892, 193.) From water. 

Bacillus ventricosus Weiss. (Weiss, 
Arb. bakt. Inst. Karlsruhe, 2, Heft 3, 
1902, 233; not Bacillus ventricosus Brode- 
mann and Ileigcner, Cent. f. Bakt., II 
Abt., 93, 1935, 102.) From vegetable 
infusions. 

Bacillus ventriculi Itaczynski. (Diss. 
milit. medic. .\cad. Petropolitanae Ru- 
teniae, 1888; abst. in Cent. f. Bakt., 6, 
1889, 113.) From the stomach of a dog. 

Bacillus vermiculosus Zimmermann. 
(Zimmermann, Bakt. unserer Trink- u. 
Nutzwasser, Chemnitz, 1, 1890, 40; 
Bacterium vermiculosus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
99.) From water. 

Bacillus versalilis DeToni and Trevi¬ 
san. (Bacillus A, Maggiora, Giorn. 
Soc. ital. dTgiene, IJ, 1889, 339; DeToni 
and Trevisan, in Saceardo, Sylloge 
Fungorum, 8, 1889, 968.) From the skin 
of the human foot and from air. 

Bacillus vesiculiferus Migula. (Bacil¬ 
lus strumitis 0, Tavel, Ueber die Aetiol- 
ogie der Strumitis, 1892, 110; Migula, 
Syst. d. Bakt., 2, 1900, 741.) From a 
case of strumitis. 

Bacillus vialis Hansgirg. (Ocsterr. 
bot. Ztschr., 1888, 6.) From roadside 
soil from near Prague. 

Bacillus viator Trevisan. (Bacille de 
Fair e. Babes, in Cornil and Babes, Les 
Bact^ries, 2nded., 1886, 150; Trevisan, 

I generi c le specie delle Batteriacee, 
1889, 20.) From air. 

Bacillus villosus Migula. (Bacillus 
aquatilis villosus Tataroff, Inaug. Diss., 
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Dorpat, 1891, 47; Migula, Syst. d. Bakt., 

2, 1900, 828; not Bacillus villosus Keck, 
Inaug. Diss., Dorpat, 1890, 47.) From 
water. 

Bacilhts vinicola Migula. {Bacillus 
saprogenes vini II, Kramer, Die Bak- 
terien in ihrcn Beziehungen zur Land- 
wirtschaft, 2, 1892, 136; Migula, Syst. 
d. Bakt., 2, 1900, 685.) From wine. 

Bacillus viniperda Migula. {Bacillus 
saprogenes vitii /, Kramer, Die Bakterien 
in ihren Beziehungen zur Landwirt- 
schaft, 2, 1892, 135; Migula, Syst. d. 
Bakt., 2, 1900, 684.) From wine. 

Bacillus virens van Tieghem. (Bull. 
See. hot. France, 27, 1880, 175.) From 
aquatic plants. 

Bacillus viridans Zimmermann. 
(Bakt. unserer Trink. u. Nutzwasser, 
Chemnitz, 2, 1894, 22.) From water. 

Bacillus viridescens non-liquefaciens 
Ravencl. (Ravcnel, Mem. Nat. Acad. 
Sci., 8, 1896, 14; Bacleriu7n viridescens 
non-liquefaciens Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 72 and 
123.) From soil. 

Bacillus vulpinus von Ilcrson. (Cent, 
f. Bakt., II Abt., 12, 1904, 111.) From 
fresh garden soil, canal water. 

Bacillus wardii Chester. (Gas- and 
taint-producing bacillus in cheese curd, 
Moore and Ward, Cornell Univ. Agr. 
Expt. Sta., Bull. 158, 1899, 221-227; 
Chester, Man. Determ. Bact., 1901,206.) 
From tainted, gassy cheese curd and 
from milk drawn directly from the udder. 
Presumably this was a coliform or¬ 
ganism. 

Bacillus weekeri Trevisan. (Bacillus 
dor Jequirity-Ophthalmie, de Weeker, 
1882; see Fltigge, Die Mikroorganismen, 
2 Aufl., 1886, 279; Trevisan, I generi e le 
specie delle Battcriacee, 1889, 17.) 
From infusions of jequirity seed {Abri 
precatorii). 

Bacillus wesenbergii Chester. (Bacil¬ 
lus der Fleischvergiftung, Wesenberg, 
Ztschr. f. Hyg., 28, 1898, 484; Chester, 
Man. Determ. Bact., 1901, 247; not 
Bacillus wesenberg Castellani.) From 
meat which caused a meat poisoning 


outbreak. Closely related to Proteus 
vulgaris Hauser. 

Bacillus wichtnanni Trevisan. (Gold- 
gelber Wasserbacillus, Adametz and 
Wichmann, Mitth. Oest. Vers. Stat. f. 
Brauerei u. Malz., 1, 1888 , 49; Trevisan, 
I generi e le specie delle Battcriacee, 
1889, 19; Bacillus chryseus Migula, Syst. 
d. Bakt., 2, 1900, 833.) From water. ^ 
Bacillus zeta Dyar. (Dyar, Ann. N. ■ 
Acad. Sci., 8, 1895, 369; Bacterium zeta 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 114.) From air. 

Bacillus zonatus Migula. (Bacillus 
No. 15, Pansini, Arch. f. path. Anat., 
122, 1890, 450; Migula, Syst. d. Bakt., 2, 
1900, 658.) From sputum. ^ 

Bacillus zbrkendorferi Migula. {B<^' 
cillus oogenes hydrosulfureus y, Zorken- 

dorfer, Arch. f. Hyg., 16, 1893, 385, i > 
gula, Syst. d. Bakt., 2, 1900,696.) From 


lens’ eggs. 

Bacillus zyynoseus (Leube) Trevisan. 
Coccobacillus zymogenes Leube, Arc ■ ■ 
wth. Anat., 1885; Trevisan, I generi e ie 
ipecie delle Battcriacee, 1889, 

J'rom fermenting infusions. 

Bacterium acidi propionici Weign^u 
:Wcigraann, quoted from Pribram, K - 
nfikation der Schizomyccten, LeiP » 
ind Wien, 1933, 76; Plocamobactertu 
Kidi propionici Pribram, idem.) 

Bacterium aeris Migula. (^u^ 
jeris minulissimus Kruse, in ’ ,j. 

Vlikroorganismen, 3 Aufl., 2, ^ ’ 

Bacterium aeris minutissimus ' 

Krm. Rept. Del. Col. Agr. Exp. SW^- 
1897,109; Migula, Syst. d. Bakt., , ■ 

445; Bacteriurn aens-mfn«(iss»'^‘|" ^ 
ter, Man. Determ. Bact., l-^ * 

From air. . 

BacteHum aerogenes I and I 

(Miller, Deutsche med. Jnis- 

1886, 119; see Miller, Die 261 

men der Mundhdhle, Leipzig, > 
and 262; not Bacterium gta., 

Ann. Rept. Del. Col. Agr. E.x^_^ 

1897, 53; Bacillue ^.uoge 

' ^ “• 
ingonim, 8 , 1889, 

gestive tract of roan. 
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Bacterium agreste Lohnis. (Lohnis, 
Cent. f. Bakt., I Abt., Orig., 40 ,1906,177; 
Bacillus agreslis de Rossi, Microbiol, 
agraria e technica, Torino, 1927, 82S; 
not Bacillus agreslis Werner, Cent. f. 
Bakt., II Abt., 87, 1933,468.) From soil. 

Bacterium agrigenum (Trevisan) Mi- 
gula. {Bacillus septicus agrigenus 
Fltigge, Die Mikroorganismen, 2 Aufl., 
1886, 267; Pasteurella agrigena Trevisan, 
I generi e le specie delle Battcriacee, 
1889, 21; Bacterium septicus agrigenus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 85; Migula, Syst. d. Bakt., 
S, 1900, 372; Bacterium septicum Chester, 
Man. Determ. Bact., 1901, 143.) From 
soil. 

Bacterium album Migula. (Weisser 
Bacillus, Tataroff, Inaug. Dias., Dorpat, 
1891, 35; Migula, Syst. d. Bakt., 2, 1900, 
419.) From water. 

Bacterium algeriense Migula. (Gayon 
and Dubourg, Ann. Inst. Past., 8, 1894, 
108; Migula, Syst. d. Bakt., 2, 1900, 513.) 
Isolated in Algiers from wine where it 
causes a mannitol fermentation. 

Bacterium aliphalicum Tausz and 
Peter. (Cent. f. Bakt., II Abt., 49, 1919, 
605.) From garden soil. 

Bacterium alipbaticum liquefaciens 
Tausz and Peter. (Cent. f. Bakt., II 
Abt., 49 , 1919, 605.) From garden soil. 

Bacterixim allantoides (Klein) Chester. 
{Bacillus allantoides Klein, Cent. f. 
Bakt., 6, 1889, 383; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 103.) 
Isolated as a culture contamination. 

Bacterium alutaceum Migula. (Gold- 
gelber chagrinierter Bacillus, Tataroff, 
Inaug. Diss., Dorpat, 1891, 62; Migula, 
Syst. d. Bakt., 2, 1900, 464.) From 
water. 

Bacterium ambiguum Chester. (Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
It, 1900, 69; not Bacterium ambigxius 
Chester, ibid., 9, 1897, 71; not Bacterium 
ambiguum Levine, Abst. Bact., 4, 1920, 
16.) From soil. 

Bacterium amforeti issatchenko. (Rc- 
cherobes sur les microbes de I’Oc^an 


Glacial Arctique (in Russian), Petro- 
grad, 1914, 237.) From sea water. 

Bacterium anaerobiuin Migula. 
(Fuchs, Inaug. Diss., Grcifswald, 1890; 
Migula, Syst. d. Bakt., 2, 1900, 388.) 
Obligate anaerobe. Pyogenic. Pos¬ 
sibly a spore-former. 

Bacterium anguillarum (Canestrini) 
Migula. {Bacillus anguillarum Canes¬ 
trini, .\tti d. R. Institute Veneto di 
Scienze, Ser. 7, 1892-93; Migula, Syst. 
d. Bakt., 2, 1900, 442.) From diseased 
eels in the valleys of Comacchio. 

Bacterium angustum Migula. (Lombke, 
Arch. f. Hyg., 26, 1896, 305; Migula, 
Syst. d. Bakt.,;?, 1900,474.) From feces. 

Bacterium aplUhosum (Kruse) Chester. 
(Bacillus der Mundscuchc dcs Menschen, 
Siegel, Deutsch. mod. Wochnschr., 1891, 
No. 49, 1328; Bacillus aphthosus Kruse, 
in Fliigge, Die Mikroorganismen, 3.4ufl., 
2, 1896, 427; Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 85.) From 
the liver and kidneys of cattle affected 
with foot and mouth disease. 

Bacterium apis No. 1, No. 2 and No. 3, 
Metalnikov and Kostritsky. (Compt. 
rend. Soc. Biol., Paris, 114, 1933, 1291.) 
From diseased bees (Apjs mellifera.) 

Bacterium aquatile auranliacum von 
Rigler. (Hyg. Rund., 12, 1902, 480.) 
From bottled mineral waters. 

Bacterium aquatile cilreum von Rigler. 
(Hyg. Rund., 12. 1902, 481.) From 

bottled mineral waters. 

Bacterium aquatile debile von Rigler. 
(Hyg. Rund., 12, 1902, 481.) From 

bottled mineral waters. 

Bacterium aquatile fiavum von Rigler. 
(Hyg. Rund., 12, 1902, 480.) From 

bottled mineral waters. 

Bacterium aquatile luteum von Rigler. 
(Hyg. Rund., 12, 1902, 480.) From 

bottled mineral waters. 

Bacterium arborescens non liquefaciens 
von Rigler. (Hyg. Rund., 12, 1902, 479; 
not Bacterium arborescens non-liquefa- 
dens Chester, Ann. Rept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 103.) From bottled 
mineral waters. 

Bacterium arclicum Issatchenko. (Re - 
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chcrclics sur les microbes de TOcdan 
Glacial Arcti(iuo (in Russian). Petro- 
grad, 1914, 14S.) Prom sea water. 

Bacteriiuii nrthrilidis Migula. (Schiil- 
ler, Berliner kliii. Wochnschr., 1893, Xo. 
36; Bacillus arlhritidis cftrouicae Kruse, 
in 1 liigge, Die Mikroorganismen, 3 .Vufl., 
2y 1896, 287; Migula, Syst. d. Bakt., 2, 
1900, 443.) Prom a case of chronic 
arthritis. 

Bacterium asporiferum Migula. 
(Plugge, Ztseiir. f. Hyg., 17, 1S94, 290; 
Anaerobier No. II, Kruse, in Plugge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 251; 
Migula, Syst. d. Bukt., 2, 1900, 446.) 
From milk. 

Bacterium anranlii (Viron) Migula. 
{Bacillus auranlii Viron, Compt. rend. 
Acad. Sci., Paris, 114, 1892, 179; Migula, 
Syst. d. Bakt., 2, 1900, 512.) 

Bacterium aurarUium-roseum Honing. 
(Honing, Cent. f. Bakt., II Abt., 37, 
1913, 373; Plocamobacterium aurantiuin 
Pribram, Klassifikalion der Schizo- 
myccten, Leipzig und Wien, 1933, 77.) 
From fermenting tobacco. 

Bacterium aurescens (Frankland and 
Frankland) Migula. {Bacillus aurescens 
Frankland and Frankland, Philos. Trans. 
Royal Soc. of London, 178, 1887, B, 271; 
not Bacillus aurescens Ravenel, Mem. 
Nat. Acad. Sci., 8,1896,8; Migula, Syst. 
d. Bakt., 1900, 466.) From air. 

Bacterium aureum (Frankland and 
Frankland) Migula. {Bacilhis aureus 
Frankland and Frankland, Philos. Trans. 
Royal Soc. of London, 178, 1887, B, 272; 
Migula, Syst. d. Bakt., 2, 1900, 480.) 
From air. 

Bacterium aureum (Adametz) Chester. 
{Bacillus aureus Adametz, quoted from 
Sternberg, Man. of Bact., 1893, 621; not 
Bacillus aureus Frankland and Frank¬ 
land, Philos. Trans. Roy. Soc. London, 
178, 1887, B, 272; not Bacillus aureus 
Pansini, Arch. f. path. Anat., 122, 1890, 
436; Bacillus aureo-Jlavus Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 2, 
1896,310; Bacfcrtuui aureoflavus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 109; Chester, ilnd., 129; not Bac¬ 


terium aureum Migula, Syst. d. Bakt., 2, 
1900, 480; Bacillus yZacus Chester, Man, 
Determ. Bact., 1901, 255; not Bacillus 
Jlavus Fuhrmann, Cent. f. Bakt., II 
Abt., 19, 1907, 117; not Bacillus Jlavus 
Bergey et aP, Manual, 1st cd., 1923,286.) 
From water (Adametz); from the skin 
in cases of eczema (Tommasoli, Monats. 

f. prakt. Dermatol., 9.) 

Bacterium avium Chester. (Bacillus 
of roup in fowls, Moore, U. S. Dept. Agr. 
Bur. .\nimal Industry, Bull. 8, 1895; 
Chester, Man. Determ. Bact., 1901,138.) 
From c.vudate of fowls in roup or diph- 


hcria. 

Bacterium habesii Migula. {Bacillus 
epticus acuminatus Babes, Bakteriol- 
igische Untersuchungen der scptischen 
*rozesse des Kindesalters, Leipzig, 1889, 
ee Eisenberg, Bakt. Diag., 3 Aufl., 1891, 

\27; Bacterium septicus acuminatus Ches- 

er, .Ann. Rept. Del. Col. Agr. Exp. Sta., 
', 1897, 66; Migula, Syst. d. Bakt., 
k 1900, 507; Bacterium acuminatum 
Chester, Man. Determ. Bact., 1901, H 
,'rom blood and organs of a new- n>rn 

nfant with septicemia. 

Bacterium balbianii Billet. ( * ^ ' 
2ompt. rend. -Acad. Sci., Paris, 107, > 

123; also in Bull. Sci. de la France et de 
a Belgique, 21, 1890, 108; Bacillus bU ' 
)ianii Trevisan, I generi e le specie d 
Batteriacee, 1889,17.) From sea wat^ . 

Bacterium barentsianum 
[Recherches sur les microbes de 1 ^ 

Glacial Arctique (in Russian). Fei 
rrad, 1914, 155.) From sea 
Bacterium beijerincki 
(Recherches sur les microbes de 
Glacial Arctique (in Russian). 

5 rad, 1914, 157.) From sea 
Bacterium benzoli a and b ^ 

(Ztschr. f. GarungphysioL, 4, 

From soil. Utilize benzene and cer 

benzene derivatives. /-op^r. 

Bacterium besseri \^gula, 

Cent. f. Bakt., 15, 18% 590; M.g«^ - 

Syst. d. Bakt., 5, IW 508.) 

smallpox. . P(jnek. 

Bacterium betae mscosum ^ ^ 

(Bull. Acad. Sci. Cracovie, h 
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From fermenting beets. Reported to 
liquefy agar-gelatin (Biernacki, Cent. f. 
Bakt., Wy 1911, 166). Stanier (Jour. 
Bact., Jt2y 1941, 548) thinks this \Yas a 
heterofcrmentative Lactobacillus. 

Bactenum bossonis Chester. (Bacillus 
liber cine neue Infektionskrank. des 
Rindviehs, Bosso, Cent. f. Bakt., 22, 
1897,537 and 2S, 1898, 318; Chester, Man. 
Determ. Bact., 1901, 153.) Associated 
with an infectious disease of cattle. 

Bacterium boulrouxii (Trevisan) Dc- 
Toni and Trevisan. (Micrococcus ca¬ 
pable d’acdtifier Talcohol, Boutroux, 
Ann. Inst. Past., 2, 1888 , 209; Bacillus 
boutrouxii Trevisan, I generi e le specie 
dellc Batteriacee, 1889, 16; DeToni and 
Trevisan, in Saccardo, Syllogc Fung- 
orum, 8 , 1889, 1021.) From alcoholic 
infusions. 

Bacterium bovis Migula. {Pneumo¬ 
bacillus h‘ 9 wc/acfens 6 om Arloing,Compt. 
rend. Acad. Sci., Paris, 99, 18—, 109 and 
116;, Bacillus pneumomeus Uquefaciens 
Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 288; Bacterium pneu- 
monicus Uquefaciens Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897 , 99; 
Migula, Syst. d. Bakt., 2, 1900, 442; 
Bacterium pneumonicum Chester, Man. 
Determ. Bact., 1901, 158.) From the 
exudate of lung plague in cattle. A 
Gram-positive coccus-like bacterium. 

Bacterium brassicae Conrad. {Bac¬ 
terium brassicae acidae Lehmann and 
Conrad, in Lehmann and Neumann, 
Bakt. Diag,, 1 Aufl., 2, 1896, 232; Con¬ 
rad, Arch. f. Hyg., 29, 1897, 82; not 
Bacterium brassicae Wchmer, Cent. f. 
Bakt., II Abt., 10, 1903, 628; not Bac¬ 
terium brassicae Migula, Syst. d. Bakt., 
2, 1900, 296 {Bacillus brassicae Pommer, 
Mitt, botan. Inst. Graz, 1, 1886, 95); 
Bacillus brassicae Migula, loc. cil., 737.) 
From sauerkraut. 

Bacterium breilfussi Issatchenko. 
(Recherches sur les microbes de POc^an 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 152.) From sea water. 
Bacterium brevissimum Weiss. (Arb. 


bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
227.) From vegetable infusions. 

Bacterium brunncojlavum (Dyar) Ches¬ 
ter. {Bacillus brunneoflaviis Dyar, Ann. 
N. Y. Acad. Sci., 8, 1S95, 3G2; Chester, 
Ann. Rept. Del. Col. .\gr. Exp. Sta., 9, 
1897,112.) Culture received from Krai’s 
laboratory as Micrococcus brunnevs. 

Bacterium bullosum Migula. (Bacillus 
No. 18, Pansini, .'Vreh. f, pathol. Anat. u. 
Physiol., 122, 1890, 451; Migula, Syst. d. 
Bakt., 5, 1900, 415.) From feces. 

Bacterium cadaveris (Sternberg) Ches¬ 
ter. {Bacilluscadaveris Sternberg, Man. 
of Bact., 1893, 492; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 126.) 
From liver and kidneys of yellow fever 
cadavers. Anaerobe. 

Bacterium canalis Migula. (Kapsol- 
tragender Kanalbacillus, Mori, Ztschr. 
f. Hyg., 4, 1888, 52; Bacillus canalis cap- 
sulatus Sternberg, Man. of Bact., 1893, 
476; Bacterium canalis capsulatus Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. Sta., 
9, 1897, 130; Migula, Syst. d. Bakt., 2, 
1900, 351.) From sewage. 

Bacterium canalis parvum (Sternberg) 
Chester. {Bacillus canalis parvus Stern¬ 
berg, Man, of Bact., 1893, 476; Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 130.) Obtained by Mori (1888) 
from sewage. 

Bacterium carneum (Kruse) Chester. 
(Fleischfarbiger Bacillus, Tils, Ztschr. 
f. Hyg., 9, 1890, 294; Bacillus carnicolor 
Frankland and Frankland, Microor¬ 
ganisms of Water, 1894, 477; Bacillus 
carneus Kruse, in Flugge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 304; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1807, 113.) From water. 

Bacterium carnosum Kern. (Arb. 
bakt, Inst. Karlsruhe, 1, Heft 4, 1896, 
448.) From the intestines of birds. 

Bacterium cartilagineum (Olsen-Sopp) 
Buchanan and Hammer. {Bacillus car- 
tilagineus Olsen-Sopp, Cent. f. Bakt., 
II Abt., SS, 1912, 49; Buchanan and 
Hammer, Iowa Sta. Agr. Exp, Sta,, 
Res. Bull. 22, 1915, 271.) From slimy 
or ropy sour milk called false taette. 
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Bacienum caseicola Migula. (Bacil¬ 
lus No. XII, Aclumetz, Lanchv. Jahrb., 
18, 1SS9, 245; Migula, Syst. d. Bakt., 2, 
1900, 475.) From cheese. 

Bacterium caslcllum Heiirici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
38.) From cheese. 

Bacterium catenula Dujardin. (Du- 
jardin, Hist, nalur. des zooph., 1841; 
BacilhfS catenula Trevisan, I gencri e le 
specie delle Battcriacec, 1889, 18; not 
Bacillus catenula Migula, Syst. d. Bakt., 
2, 1900, 58S.) From rice paddies and 
swamps. 

Bacienum cavatum Korn. (.\rb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 449.) 
From the intestines of birds. 

Bacterium carernac Migula. {Bacillus 
cavernae rninutissimus Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
440; Pfeiffer und Beck, Deutsch. med. 
"Wochnschr., 1892, No. 21; Migula, Syst. 
d. Bakt., 5, 1900, 509.) From human 
tuberculosis. 

Bacienum caviae fortuitum (Sternberg) 
Chester. {Bacillus caviae forluitus 
Sternberg, Man. of Bact., 1893, 650; 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 74.) From the liver of a 
yellow fever cadaver. 

Bacterium cavicida havaniensis (Stern¬ 
berg) Chester. {Bacillus cavicida hava¬ 
niensis Sternberg, Man. of Bact., 1893, 
425; Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 74.) From the in¬ 
testine of a yellow fever cadaver. 

Bacterium centricum Migula. (Huber, 
Armin, Arch. f. pathol. Anat. u. Physiol., 
134, 1893, 216; Migula, Syst. d. Bakt., 2, 
1900, 390; not Bacterium concenlricum, 
a typographical error, see Migula, ibid., 
page V.) From a case of cystitis. 

Bacterium cerinum Henrici. (Arb. 
bakt. Inst. Karlsruhe, /, Heft 1, 1894, 
50.) From cheese. 

Bacterium cklorinum Engelmann. 
(Bot. Zeitung, 1882 , 324.) Green pig¬ 
ment. 

Bacterium chologenes (Kruse) Chester. 
(Colonbacillus, Stem, Deutsche med. 
Wochnschr., 1893, 613; Bacillus cholo¬ 


genes Kruse, in Fliigge, Die Mikroor¬ 
ganismen, 3 Aufl., 2, 1893, 374; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 69.) From a case of purulent 
meningitis. 

Bacterium chryseum Migula. (Bacil¬ 
lus nova species II, Freund, Inaug. 
Diss., Erlangen, 1S93, 37; Migula, Syst. 
d. Bakt., 2, 1900, 477.) Chromogenic 
bacterium from the mouth cavity. 

Bacterium chrysogloea Zopf. (Zopf, 
in Overbeck, Nova Acta d. kais. Lcop.* 
Carol. Akad. d. Naturf., 55, 1891, No. 7; 

Bacillus chrysogloia (sic) Zimmermann, 
Bakt. unserer Trink- u. Nutzwasscr, S, 
1894, 12.) From water. 

Bacterium cilreum (Frankland and 
Frankland) Migula. {Bacillus cilreus 
Frankland and Frankland, Philos. Trans. 
Royal Soc. of London, 178, 1887, B, 27 , 
Migula, Syst. d. Bakt., 2, 1900. 459.) 
From air. 

Bacterium coli apium SerbmoW- 
(Jour. Microbiol. Petrograd., 2, 

19.) From honey bees (Apis mellifera)- 
Bacterium coli similis (Sternberg) 
Chester. {Bacillus coli similis Stem- 
berg, Man. of Bact., 1893, 650; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta.. i/. 
1897, 132.) From a human liver. 

Bacterium colloideum Migula. (^«C' 
ierium bulyri colloideum Lafar, * jc • 
Hyg., IS, 1891, 17 ; Migula, Syst. d. Ba ■. 
2, 1900 , 409.) From butter. 

Bacterium comes 
bakt. Inst. Karlsruhe, S, 1903, 

(Kruse) 

{Bacillus compactus Kruse, in 

Die Mikroorganismen, 3 Aufl*. » ' 

353; Migula, Syst. d. Bakt., 19 . 

From air. 

Bacterium concenlricum Kern, v 

bakt. Inst. Karlsruhe, /, Heft 
437.) From the intestines 

Bacterium conjunclimttdis ( 

gula. a^och. Berichte 

an den preuss. Staatsmin.ster ^ 

nem; see Arb. a. d. kaiserl. Ges^ ^ 

heitsamte, J, 1887; 

1, 1887, 289; BaetUua atoW 
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Trevisan, I generi e le specie delle 
Batteriacee, 1889, 13; Bacillus conjuncti- 
vitidis Kruse, in Fliigge, Die Mikro- 
organismen, 3 Aufl., S, 1896, 440; Bac¬ 
terium conjunclivilis Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897,67; Mi- 
gula, Syst. d. Bakt., 2, 1900, 509; not 
Bacterium conjunctivilidis Chester, Man. 
Determ. Bact., 1901, 120; Bacterium 
aegyptium Chester, ibid., 121.) Asso¬ 
ciated with conjunctival catarrh in 
Egypt. 

Bacterium corticale (Haenlein) Migula. 
{Bacillus corlicalis Haenlein, Deutsch. 
Gerberzeitung, 1894, No. 18-34; Migula, 
Syst. d. Bakt., S, 1900, 449.) Found on 
pine bark; in acid dyeing-liquor. 

Bacterium crenatum Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
221 .) From fermenting malt. 

Bacterium cristalliferum Gicklhorn. 
(Cent. f. Bakt., II Abt., 60, 1920, 420.) 
A sulfur bacterium from soil. See 
Manual, 5th ed., 1939, 86 for a descrip¬ 
tion of this organism. 

Bacterium cuticularis (Tils) Chester. 
{Bacillus cuticularis Tils, Ztschr. f. 
Hyg., 9, 1890, 293; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 105.) 
From water. 

Bacterium debile Berstyn. (Arb. bakt. 
Inst. Karlsruhe, S, 1903, 96.) From soil. 

Bacterium delendae-muscae Roubaud 
and Descazeaux. (Compt. rend. Acad. 
Sci., Paris, 177, 1923, 716.) From fly 
larvae {Slomoxys caldlrans and Musca 
domeslica). 

Bacterium deliense Honing. (Cent, 
f. Bakt., II Abt., $7, 1913, 377.) From 
tobacco plants in Sumatra. 

Bacterium diatrypeticum Migula. 
{Bacillus diatrypelicus casei Baumann, 
Landwirtsch. Versuchsstationen, Ifi, 
1893,181; Migula, Syst. d. Bakt., £, 1900, 
404.) From cheese. 

Bacterium enchelys Ehrenbcrg. 
(Ehrenberg, Abhandl. d. Akad. d. 
Wissensch. zu Berlin, 1830, 01; Bacillus 
enchelys Trevisan, I generi e le specie 
delle Batteriacee, 1889, 18.) From 
water. 


Bacterium endocardilidis Migula. 
{Bacillus endocardilidis capsulatus 
Weichselbaum, Beitr. z. pathol. Anat. 
u. z. allgem. Pathol., 4, 1887,197; Migula, 
Syst. d. Bakt., 1900, 359.) Found in 
the aorta, the left ventricle, the splren 
and kidneys of cadavers. 

Bacterium endomelrilidis (Kruse) 
Chester. {Bacillus endomelrilidis 
Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl.,1896, 432; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 88.) 
From a liver abscess. 

Bacterium endometritis canis Meyer. 
(Meyer, quoted from Pribram, Klassi- 
flkation der Schizomyceten, Leipzig 
uiid Wien, 1933, 77; Plocamobaclerium 
endometritis Pribram, idem.) From a 
case of endometritis in a dog. 

Bacterium enterocolilicum Schleifstein 
and Coleman. (A motile, Gram-nega¬ 
tive bacillus, Schleifstein and Coleman, 
N. Y. State Jour. Med., S9, 1939, 1749; 
Ann. Rept. Div. Lab. and Res., N. Y. 
State Dept. Health for 1943, 56.) From 
lesions about the face, from an ulcer in 
the intestine and from the intestinal 
contents. Resembles Bacillus lignieri 
and Pasleurella pseudoluberculosis. 

Bacterium erythromyxa (Zopf) Migula. 
{Micrococcus {Staphylococcus) erythro¬ 
myxa Zopf, Ber. d. deutschen bot. 
Gcsellsch., 1891, 22; Rhodococcus ery¬ 
thromyxa Zopf, loc. cit.; Migula, Syst. 
d. Bakt., 2, 1900, 487; Bacillus erythro¬ 
myxa Matzuschita, Bakt. Diag., 1902, 
389.) Frequently listed as a Micro¬ 
coccus. 

Bacterium exanthematicum (Kruse) 
Chester. (Bacille, Babes and Oprescu, 
Ann. Inst. Past., 6, 1891, 273; Bacillus 
exanthematicus Kruse, in FlUgge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 426; 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., P, 1897,87.) From a case of hemor¬ 
rhagic septicemia. 

Bacterium Jausseki Issatchenko. (Re- 
cherches sur les microbes de I’Ocdan 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 157.) From sea water. 

Bacterium feropkilum (sic) Migula. 
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(Die ferrophilen Bakterien, Marpmann, 
Cent. f. Bakt., II Abt., 4, 1898, 21; 
Migula, Syst. d. Bakt., 2, 1900, 455 and 
1058.) Isolated during studies on black 
discoloration of cheese. 

Bacterium finitimum ('hester. (Ba¬ 
cillus finitiiuus ruber Dyar, Ann. X. ^ . 
Acad. Sci., 8, 1895, 361; Bacteriuiu finiti- 
mus ruber Chester, Ann. Bept. Del. Col. 
Agr. Exp. Sta., 9, 1897. 116; Chester, 
Man. Determ. Bact., 1901, 177.) From 
air. 

Bakterium jlaveum Wilhcliny. (Arb. 
bakt. Inst. Karlsruhe, 3, 1903, 15.) 
From meat extract. 

Bacterium Jlaiocoriaceum (Kisenberg) 
Chester. (Schwefelgelber Bacillus. 
Adametz and Wichmann, Die Bakterien 
dcr Trink- und Nutzwasser, Mitt. Oest. 
Versuchsstat. f. Brauerei u. Miilz., 
Wien, Heft 1, 1888, 49; Bacillus jlovo- 
coriaceus Kisenberg, Bakt. Diag., 3 
Aufl., 1891, 144; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 3, 1897, 112.) 
From water. 

Bacterium Jlavofuscum Migula. (Xo. 
9, Lembke, Arch. f. Ilyg., 26, 1896, 304; 
Migula, Syst. d. Bakt., 2, 1900, 479.) 
From meat. 

Bacterium Jlavum Issatchenko. (He* 
cherches sur les microbes de I’Oc^an 
Glacial Arctique (in llussian). Petro- 
grad, 1914, 151.) From sea water. 

Bacterium joliicola (Miehe) de Jongh. 
{Bacillus foliicola Miehe, see Jahrb. wiss. 
Bot., 63, 1914, 1; ibid., 68, 1919, 29; de 
Jongh, On the Symbiosis of Ardisia 
crispa. Thesis, Univ. Leiden, 1938, 33.) 
A bacterial symbiont isolated from 
germinating seeds and embryos. 

Bacterium freundii Migula. (Bacillus 
nova species I, Freund. Inaug. Diss., 
Erlangen, 1893, 31; Migula, Syst. d. 
Bakt., 2, 1900, 472.) From the mouth 

cavity. 

Bacterium fungoides (Tschistowitsch) 
Migula. {Bacillus fungoides Tschisto¬ 
witsch, Berl. klin. Wochnschr., 1892,513; 
Migula, Syst. d. Bakt., 2, 1900, 391.) 
From pus. 

Bacterium fuscum (Fltigge) Migula. 


(Bacillus fuscus Fltigge, Die Mikro- 
organismen, 2 Aufl., 1886, 290; Migula, 
Syst. d. Bakt., 2, 1900, 463.) From 


water. 

Bacterium gamma (Dyar) Chester. 
(Bacillus gamma Dyar, Ann. X. ^ . Acad. 
Sci., 8, 1895, 367; Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 106.) 
From air. 

Bacterium gummari ^ ejdovsky. 
(Cent. f. Bakt., II Abt., II, 1904, 484.) 

From sections of a fresh water crustacean 
{Gammarus zschokkei). Cells exhibit 

nuclei, showing mitosis. 

Bacterium gelechiae Xo. 1 and Xo. 2, 
Metalnikov and Metalnikov. (Compt. 
rend. Acad. Agr., France, 18, 1932, 204.) 
From dead and dying larvae of a mot i 

{Gelechia gossypiella). 

Bacterium gelechiae Xo. 5, Mctalni- 
kov and Meng. (Compt. rend. Soc. 
Biol., Paris, 113, 1933, 170.) From dead 
larvae of a moth {Gelechia gossypi^lml- 

Bacterium gemmiforme 
(Lembke, Arch. f. Hyg., 29, 1897 , 3 3; 
Migula, Syst. d. Bakt., 2, 1900, 391.) 
From intestinal contents. 

Bacterium gibbositm Weiss. (• 
bakt. Inst. Karlsruhe, 2, Heft 3, D 
230.) From fermenting beets and mn 
Bacterium gingivae pyogenes MUicr. 
(Miller, Die Mikroorganismen der Mun 

hohle, Leipzig, 1888, 217; 

vae pyogenes Sternberg, Manua o 

1893, 471.) From an alveolar 

Bacterium gingivitidis 
(Babes, Deutsch. med. Wochnschr., 

1035; Bacillus gingivitidis Kruse, ^ 

Fltigge, Die Mikroorganismen. 3 Aun^» 

1896.427;^Iigula.Syst.d.Bakt. 

393.) Isolated in an epidemic of 


\l«lPrba and 

Bacterium gliscrogenum 
Sanna-Salaris. (Malerba 
Salaris, Lavori esegu.t. 
feiol . di Napoli 1888,13 
lus gliscrogenus Trevisan, ^ 

specie delle Batteriacee, 

From urine. 

Bacterium gonnermanm 
cillus luberigenus 6 Gonnerm r 
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wirtsch. Jahrb., 23^ 1894, 657; Migula, 
Syst. d. Bakt., 2, 1900, 418.) From root 
nodules of lupine. 

Bacterium gracilescens Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
259.) From fermenting asparagus and 
malt. 

Bacterium gracillimum Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
235.) From bean and asparagus in¬ 
fusions. 

Bacterium granulatum Henrici. (Ilcn- 
rici, Arb. bakt. Inst. Karlsruhe, 1, Heft 
1, 1894, 33; not Bacterium granulatum 
Chester, Man. Determ. Bact., 1901,189.) 
From cheese. 

Bacterium granulosum Weiss. (Weiss, 
Arb. bakt. Inst. Karlsruhe, 2, Heft 3,1902, 
212; not Bacterium granulosum Lehmann 
and Neumann, Bakt. Diag., 5 Aufl., 2, 
1912, 306.) From vegetable infusions. 

Bacterium gryllotalpae Metalnikov and 
Meng. (Compt. rend. Acad. Sci., Paris, 
201, 1935, 367.) From diseased larvae 
of the cricket {Grylloialpa gryllotalpa). 

Bacterium gu7iimosum Ritsert. (Rit- 
sert, Ber. d. pharmaz. Gesell., /, 1891, 
389; abst. in Cent. f. Bakt., It, 1892, 
730; Bacillus gummosus Migula, Syst. 
d. Bakt., 2, 1900, 873.) A mi,\lure of a 
spore-forming rod and a streptococcus. 
See Bacillus gummosus Happ and Micro¬ 
coccus gummosus Happ. 

Bacterium halans (Zimmermann) Mi¬ 
gula. {Bacillus halans Zimmermann, 
Die Bakterien unserer Trink- u. Nutz- 
witeser, Chemnitz, 2, 1894 , 54; Migula, 
Syst. d. Bakt., 2, 1900, 429.) From 
water. 

Bacterium hebetisiccus Stcinhaus. 
(Jour. Bact., 42, 1941, 762 and 773.) 
From the walking stick {Diapheromera 
femorata). 

Bacterium herhicola a aureum Gei- 
linger. (Mitteil. a. d. Gcbietc d. 
Ixibensmitteluntcrsuchungen u. Hyg., 
t2, 1921, 262.) From corn meal. This 
is a variety of Bacillus herhicola Burri 
and DUggeli. 

Bacterium herhicola rubrum Dtiggeli. 
(DUggeli, Cent. f. Bakt., II Abt., 12, 


1904, 605; Bacterium herhicola 0 rubrum 
Lehmann and Neumann, Bakt. Diag., 4 
Aufl., 2, 1907, 356.) From germinating 
plants, roots and barley seeds. 

Bacterium hcxacarbovorum Stdrmer. 
(Jahresber. d. Vereinigg. f. angew. 
Botanik, 6, 1907, 116.) From soil. 
Utilizes benzene and certain benzene 
derivatives. 

Bacterium hidium Goobin. (Russian 
Health Resort Service, 5, 1923, 3.) At¬ 
tacks ethane and other hydrocarbons. 

Bacterium hirudinicoUcum Lehmen- 
sick. (Cent. f. Bakt., I Abt., Orig., 147, 
1941, 317; see Biol. Abst., 18, 1944, No. 
6761.) Symbiotic in the intestines of 
Hirudo officinalis and H. medicinalis. 

Bacterium hoshigaki var. glucurunicum 
II and III Takahashi and Asai. (Cent, 
f.' Bakt., II Abt., 87, 1933, 395 and 405.) 
From dried persimmons (hoshigaki). 

Bacterium injecundum Chester. {Ba¬ 
cillus fUiformis havaniensis Sternberg, 
Man. of Bact., 1893, 650; Bacterium fdi- 
Jormis havaniensis Cliester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 126; 
Chester, Man. Detcrm. Bact., 1901, 184.) 
From the liver of a yellow fever cadaver. 
Anaerobic. 

Bacterium inocuum Cliester. (Wilde, 
Wien. klin. Wochnschr., 1892, No. 1-2; 
Bacillus lactis inocutis Kruse, in Fliigge, 
Die Mikroorganismen, 3 .Aufl., 2, 1896, 
352; Bacterium lactis inocuus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 82; Chester, Man. Determ. Bact., 
1901, 138.) From milk. 

Bacterium intrinsectum Stcinhaus. 
(Jour. Bact., 4^, 1941, 764 and 774.) 
From an unidentified leaf beetle. 

Bacterium iogenum Baumgartner. 
(Deutsche Monatschr. f. Zahnheilk., 27, 
764; Bacterium jogenum Baumgartner, 
Ergeb. d. gesam. Zahnheilk,, 1, 1911, 752 
and 779; B. iogenum Kligler, Jour. Allied 
Dent. Soc., 10, 1915, 152.) From the 
mouth. Regarded as identical with 
Jodococcus vaginatus Miller by Kligler 
{loc. cil.). 

Bacterium keratomalaciae Migula. 

{Bacillus septicus keratomalaciae Babes, 
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Bakteriol. Untersuch. d. sept. Prozesse 
d. Kindesalters, Leipzig, 1SS9; Migula, 
Syst. d. Bakt., S, 1900, 363.) From an 
infected cornea. 

Bacterium knipouitchi Issatchenko. 
(Recherches sur ies microbes do POcdan 
Glacial Arctiquc (in Russian). Petro- 
grad, 1914, 150.) From sea water. A 
phosphorescent bacterium found to be 
pathogenic for the mealworm {Tenebrio 
molilor) by Pfeiffer and Stammer 
{Ztschr. f. Morph, u. Okol. d. Tiere, 20, 
1930, 157). 

Bacterium kralii (Dyar) Chester. 
{Bacillus kralii Dyar, Ann. N. Y. Acad. 
Sci., 8, 1895, 376; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 93; not 
Bacterium kralii Chester, Man. Determ. 
Bact., 1901, 166.) Received as Bacillus 
bulyricus from KrM’s laboratory by 
Dyar. The 1900 Krai Catalogue lists 
cultures of Bacillus butyricus Botkin and 
Bacillus bulyricus Hueppe. As Dyar 
found that the characters of his culture 
differed from those of Bacillus butyricus 
Hueppe, Dyar’s culture was probably 
Bacillus butyricus Botkin. 

Bacterium kralii Chester. (Bacillus 
fusevs liquefaciens Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895, 375; Bacterium fuscus 
liquefaciens Chester, Ann. Rept. Del. 
Col. Agr. Exp. Sta., 9, 1897,108; Chester, 
Man. Determ. Bact., 1901, 166.) Re¬ 
ceived as Bacillus fuscus from KriPs 
laboratory by Dyar who also found it in 
air. The 1920 KrM catalogue lists Bacil¬ 
lus fuscus Flugge syn. Bacterium hrun- 
neum Schrotter (sic); braunrother Ba¬ 
cillus Maschek. 

Bacterium laerii Migula. (Bacillus 
m'seosus No. 1, van Laer, Extrait des 
m^moires couronnds et autres m^moires, 
Acad. Royale do Belgique, 1889 , 36; see 
Kramer, Bakteriol. in ihren Beziehungen 
zur Landwirtsch., 2, 1892, 119; Bacillus 
viscosus cerevisiae Kruse, in Flugge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 359; 
Bacterium viscosus cerevisiae Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 78; Migula, Syst. d. Bakt., #, 1900, 
402; Bacterium viscosum Chester, Man. 


Deterni. Bact., 1901, 128.) From beer, 
yeast, air, bread. Causes a slimy fer¬ 
mentation. 

Bacterium laercolacticum Migula. (Ba¬ 
cillus acidi laei'olactici Schardinger, 
Monatsh. f. Chemie, 11, 1890, 544; Mi¬ 
gula, Syst. d. Bakt., 2, 1900, 406; Bac¬ 
terium acidi laevolaclici Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2, 1907, 


178.) From milk. 

Bacterium laminariae Billet. (Compt. 
rend. Acad. Sci., Paris, 106, 1888, 293; 
Billetia laminariae Trevisan, I generi e 
le specie delle Batteriacec, 1889, IL 
Kitrthia laminariae De Toni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8 , 
1889, 931.) From rotting sea weed. 
The type species of the genus Billetio 

Trevisan. 

Bacterium langkatensc Honing. 

(Cent. f. Bakt., II Abt., 57, 1913, 381.) 
From tobacco plants in Sumatra. 

Bacterium largum (v. Klecki) Migu “• 
(Bacillus largus v. Klecki, Ann. Inst. 
Past., 9, 1898 , 728; Migula, Syst. d- 
Bakt., 2, 1900,448.) From the intestines 

of dogs. ... 

Bacterium lepierrei Chester. (Baci 
fluorescent pathogene, Lepierre, 

Inst. Past., 9, 1895 , 643; Chester, Man^ 
Determ. Bact., 1901,182.) From cister 

water. 

Bacterium lethalis (Babes) ^ . 

(Proteus lethalis Babes, Progris 
Roumain, 1889; Chester, Ann. , 

Col. Agr. Exp. Sta., 9,1897,104; 

lethalis Chester, Man. Determ. Bact. 
1901, 249.) From lung gangrene m • 

Ractmwmieucaemiae Migula. ( ’ 

Jahresber. ii. Fortschr. in d. Le ^ 
path. Mikroorg., 7, 1891, 319; 
leucaemiae canis Kruse, in I '^^^’ 235 . 
Mikroorganismen, 3 Aufl., S* p. ’ 
Bacterium leucaemiae cants 
Ann. Rept. Del. Col. Agr. Exp. Sta. - 
1897,119; Migula, Syst. d. Bakt. 

442; Bacillus leucaemtae dog 

Detenu. Bact., 1901. 264.) From n dog 

with leukemia. , 0 ^. 

Bacterium Umbalum ‘ aim, 

(erium limbatum acidi laettev Marpmam^. 
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Erganzungshefte d. Centralb. f. allg. 
Gesundheitspflege, 2, 122; Bacillus lim- 
balus acidi laclici Sternberg, Man. of 
Bact., 1893, 645; Migula, Syst. d. Bakt., 
S, 1900, 407.) From fresh milk. 

Baclerium lincola (Muller) Cohn. 
{Vibrio lincola Muller, Vermium His- 
toria, 1773, 39; Cohn, Beitr. z. Biol. d. 
Pflanz., 1, Heft 2, 1872, 170; Bacillus 
lincola Trevisan, I generi e le specie delle 
Batteriacee, 1889, 18.) From stagnant 
water, infusions, etc. 

Bacterium Uni Migula. (Winograd¬ 
sky, Compt. rend. Acad. Sci., Paris, 121, 
1893, 742; Migula, Syst. d. Bakt.,1900, 
513.) From retting hemp. 

Bacterium linkoi Issatchenko. (Re- 
cherches sur les microbes dc I’Oc^an 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 154.) From sea water. 

Bacterium liquefaciens coftimunis 
(Sternberg) Chester. {Bacillus lique¬ 
faciens communis Sternberg, Man. of 
Bact., 1893, 686; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 91; 
Bacillus communis Migula, Syst. d. 
Bakt.jJ?, 1900,725; not Bacillus communis 
Jackson, Jour. Inf. Dis., 8, 1911, 241.) 
From the feces of yellow fever patients. 

Bacterium litoreum Warming. (Warm¬ 
ing, Danmarks Kystcr levende Bak- 
terier, 1875, 398; Bacillus liloreus Trevi- 
san, I generi e Ic specie delle Batteriacee, 
1889, 18.) From sea water. 

Bacterium loculosum Migula. (Fach- 
crbacillus, Clauss, Inaug. Dies., WUrz- 
burg, 1889, 27; Migula, Syst. d. Bakt., 2, 
1900, 408.) From milk. 

Bacterium luceli Migula. (Lucet, 
Ann. Inst. Past., 5, 1889, 401; Bacillus 
cuniculicida thermophilus Kruse, in 
Fltigge, Die Mikroorganismen, 3 AuO., 
8, 1896, 418; Migula, Syst. d. Bakt., S, 
1900,507; Bacterium cuniculicida thermo- 
pkilus Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 83; Bacterium 
cuniculicida Chester, Man. Determ. 
Bact,, 1901, 140.) Associated with an 
epizootic in rabbits and guinea pigs. 

Baclerium ludufigi Karlinski, (Hyg. 
Rundschau, 5, 1806, 686.) From the 


water of the hot springs at Ilidze in 
Bosnia. 

Bacterium luteolum Henrici. (Henrici, 
Arb. bakt. Inst. Karlsruhe, 1, Ilcft 1, 
1894, 51; Migula, Syst. d. Bakt., 2, 1900, 
455.) From cheese. 

Bacterium lutescens Migula. (Der 
gelbe Bacillus, Lustig, Diag. d. Bakt. d. 
Wassers, 1893, 78; Migula, Syst. d. Bakt., 
2, 1900, 476.) From water. 

Bacterium luteum Adametz. (List, 
Inaug. Diss., Leipzig, 1885,53; Adametz, 
Bakt. Nutz- u. Trinkwasscr, Mitteil. d. 
(isterr. Versuchsstation flir Brauerei und 
Miilzerei in Wien, 1888, 48.) From the 
stomach contents of sheep and from 
water. 

Bacterium margarineum Migula. 
(Margarinbacillus a, Jolles and Winkler, 
Ztschr. f. Hyg., 20, 1895, 102; Migula, 
Syst. d. Bakt., 2, 1900, 410.) From 
margarine. 

Baclerium marinum Issatchenko. 
(Recherches sur les microbes dc I’Ocdan 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 238.) From sea water. 

Baclerium maydis Maiocchi. (Mai- 
occhi, Bollet. d. Accad. medic, d. Roma, 
October, 1881; Bacillus maydis Trevisan, 
I generi e Ic specie delle Batteriacee, 
1889, 17.) From corn (maize) infusions. 

Baclerium medanense Honing. (Cent, 
f. Bakt., II Abt., 57, 1913, 382.) From 
the peanut plant {Arachis hypogaea). 

Bacterium melolonthae liquefaciens 
Paillot. (Compt. rend. Soc. Biol., Paris, 
68, 1916, 1102.) From the cockchafer 
{Melolontha melolontha). .According to 
the author’s system of nomenclature, 
this is presumably a synonym of Bacillus 
melolonthae liquefaciens a. 

Baclerium meningitidis (Neumann and 
Schaffer) Chester. {Bacillus meningi¬ 
tidis purulenlae Neumann and Schaeffer, 
Arch. f. path. Anat., 109, 1887, 477; 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 71; Bacillus neumanni Mi¬ 
gula, Syst. d. Bakt., 2, 1900, 751; not 
Bacillus neumanni Herter, in Just, 
Botan. Jahresber., 2 Abt., 89, Heft 4, 
1915, 748; Bacillus meningitidis Chester, 



682 


MAXUAL OF I)t:Tt:HMIXATIVE BACTERIOLOGY 


Man. Determ. Bact., 1901, 213.) From 
pus from an individual who died of puru¬ 
lent meningitis. 

Bacterium merismopedioides Zopf. 
(Zopf, Die Spaltpilze, 1 Aufl., 1883, 56; 
Bacillus synchyscus Trevisan, I genori e 
le specie delle Batteriacee, 18S9, 18; 
Bacterium synchyseus DeToni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8, 
1889, 1022.) From canal water. 

Bacterium microsporum Trevisan, 
(Trevisan, Uendic. d. Instit. Lombardo, 
Ser. 2, IS, 1879; Bacillus microtis Trevi¬ 
san, I generi c le specie delle Batteriacee, 
1889, 18; Bacterium microtis DeToni and 
Trevisan, in Saccardo, Sylloge Fungo¬ 
rum, 8, 1889, 1025.) From water and 
putrefying infusions. 

Bacterium mi nut uni (Zimmermann) 
Migula. {Bacillus minutus Zimmer¬ 
mann, Dio Baktericn imserer Trink- und 
Nutzwasser, Chemnitz, 2, 1894, 56; Mi¬ 
gula, Syst. d. Bakt., 2, 1900,423.) From 
water. 

Bacterium monachae von Tubeuf. (v. 
Tubeuf, Forstlich - naturwissensch. 
Ztschr., /, 1892, 34; Bacillus monachae 
Migula, Syst. d. Bakt., 2, 1900, 742.) 
From the larvae of a moth {Lymantria 
rnonacha). 

Bacterium jmdlipediculum (1* liigge) 
Chester. {Bacillus multipediculus 
Fliiggc, Die Mikroorganismen, 2 Aufl., 
1886, 323; Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 104.) Isolated 
frequently as a contamination on potato 
media. 

Bacterium ynuripestifer (Kruse) Ches¬ 
ter. (Bacillus der Mauseseuche, Laser, 
Cent. f. Bakt., It, 1892, 184; Bacillus 
7nuripestifer Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 1896, 432; 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 87.) From the spleen of a 
field mouse. Associated with a plague 
of field mice. 

Bacterium nacreaceum (Zimmermann) 
Migula. (Perlmutterglanzender Bacil¬ 
lus, Keck, Inaug. Diss., Dorpat, 1890, 
40; Eberbach, Inaug. Diss., Dorpat, 
1890; Bacillus nacreaceus Zimmermann, 


Die Bakterien unserer Trink- und Nutz¬ 
wasser, Chemnitz, 2, 1894, 34; Migula, 
Syst. d. Bakt., 2, 1900, 426.) From 
water. 

Bacterium naphthalinicus Tausson. 
(Planta, 4, 1927, 214.) From oil-soaked 
soils at Baku, Russia. Oxidizes naph¬ 
thalene. 

Bacterium nicolaieri Migula. (Kap- 
selbacillus, Nicolaier, Cent. f. Bakt., 
16, 1894, 601; Migula, Syst. d. Bakt., 2, 
1900, 354.) Associated with purulent 

nephritis. 

Bacterium nicotianum Bucherer. 

(Cent. f. Bakt., II Abt., 106, 1942-43, 
446.) From fermenting tobacco leaves. 
Bacterium nicoiinobacter Buchcrer- 

(Cent. f. Bakt., II Abt., 106, 1942, 170.) 
From a mixture of soil, manure and rot 
ting materials. Gram-variable. 

Bacterium nicotinophagum Bucherer. 

(Cent. f. Bakt., II Abt., 106, 1942, 167.) 
From a mixture of soil, manure, and ro 
ting materials. Also from fermenting 

tobacco leaves {ibid., 446). 

Bacterium nitens Kern. (Arb. bak . 
Inst. Karlsruhe, 1, Heft 4, 1896, 4 
From the intestines of birds. 

Bacterium nomae (Schimmelbusch) i i- 
gula. {Bacillus nomae Schimmelbusc , 
Deutsch. med. Wochnschr., 1889, i o- - 
Migula, Syst. d. Bakt., 2, 1900, 


ad in necrotic tissues. 
icierium oblongum (Boutroux) 
i and Trevisan. 1' 

us Boutroux, Annales de 11 
nale sup^rieure, S^r. 2, 5, - ' 

Ulus oblongus fg DeToni 

ie delle Batteriacee, 1889, lb, ^ 
Trevisan, in Saccardo, . 

a iViQ 1021; Bacterium 

gorum, 8, 1889, 

onicum Miquel and Cambie , 

Jact., 1902, 605; not Bacterium 

cum Hermann, h#* an 


Dbacter. ^ /^Oirata, 

cterium ogalae j.’ j gyat. 

,.f.Bakt.,5,lS91,442:Mi^I^^ 

ikt.,^,1900,389.) Fromd^ter. 

cterium orchilicum (Krus 
illus zur Rotzdiagnose. Kutsc 
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Ztschr. f. Hyg., 21, 1895, 156; Bacillus 
orchiticus Knise, in Fliigge, Die Mikro- 
organismen, 3 1896,455; Chester, 

Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 99.) From nasal secretions of a 
glandered horse. 

Bacteriiim ostcophilum Billet. (Con¬ 
tribution i IMtudc de la morphologic et 
du ddveloppement des Bactdriacdes, 
Bull. Sci. do la France et do la Belgique, 
Paris, 21, 1890, 149.) From macerated 
human bones. 

Bacterium ovale Migula. (Bacillus 
No. 17, Pansini, Arch. f. pathol. Anat. 
u. Physiol., 122, 1890, 451; Migula, Syst. 
d. Bakt., 2, 1900 , 458; not Bacterium 
ovale Chester, Man. Determ. Bact., 1901, 
171 {Bacillus ovalis Wright, Mem. Nat. 
Acad. Sci., 7,1895,435).) From feces. 

Bacterium ovatum Migula. (Bacillus 
ovatus minulissimus Unna-Tommasoli, 
Monatsh. f. prakt. Dermatol., 9, 1889, 
59; Migula, Syst. d. Bakt., 2, 1900, 417; 
Bacterium ovatus yninutissimus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 139; not Bacterium ovatum Chester, 
Man. Determ. Bact., 1901, 177 (Bacillus 
ruber oyfl/as Bruyning, Arch, nderl. Sci. 
exact, et nat., Sdr. II, 1898,297).) From 
human skin with seborrheic eczema. 

Bacterium pollens Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1,1894,36.) 
From cheese. 

Bacterium pallescens Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1,1894,35.) 
From cheese. 

Bacterium pallidum Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 
34; Vlvina pallida Pribram, Klassifika- 
tion der Schizomyceten, Leipzig und 
Wien, 1933, 76.) From cheese. 

Bacterium pallidior Chester. (Bacil¬ 
lus fuscus pallidior Dyar, Ann. N. Y. 
Acad. Sci., 8, 1895, 361; Bacterium fuscus 
pallidior Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 111; Chester, 
Man. Determ. Bact., 1901, 171.) Cul¬ 
ture received by Dyar from KrM’s 
laboratory labeled Bacillus latericeus. 
Dyar renames this because the culture 
does not agree with Bacillus latericeus 


Eisenberg. However, tl»e 1900 Kr^l 
catalogue indicates that this was Bacil¬ 
lus latericeus Adametz and Wichmann 
syn. ziegelrothcr Bacillus, Adametz; 
Bacterium lacfericeum Lehmann and 
Neumann. 

Bacterium papillare Issatchenko. 
(Kecherches sur Ics microbes do I’Ocdan 
Glacial .\rctique (in Bussian). Petro- 
grad, 1914, 149.) From sea water. 

Bacterium paradoxus (Kruse) Chester. 
(Typhus ahnlicher Bacillus, Kruse and 
Pasquale, Ztschr. f. Hyg., 16, 1894, 19; 
Baeillus paradoxus Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 373; 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 71.) From the liver in a 
case of dysentery. 

Bacterium paraviscosum Buchanan and 
Hammer. (Iowa Sta. Coll. Agr. E.xp. 
Sta., Ues. Bull. 22, 1915, 266.) Stated 
to bo similar to Bacterium viscosutn of 
various authors. 

Bacterium patelliforme Honing. 
(Cent. f. Bakt., II Abt., 37, 1913, 378.) 
From tobacco plants in Sumatra. 

Bacterium pateriforrne Migula. (Ba¬ 
cillus albicans paleriformis Unna-Tom- 
inasoli, Monatsh. prakt. Dermatol., 9, 
1889, 58; Migula, Syst. d. Bakt., 2, 1900, 
415.) Found on human skin with 
seborrheic eczema. 

Bacterium petersii Migula. (Bac¬ 
terium C, Peters, Botan. Zeitung, 47, 
1889; Bacillus aceticus petersii Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 355; Bacterium aceticus petersii 
Chester, Ann. Ropt. Del. Col. Agr. Exp, 
Sta., 9, 1897, 77; Migula, Syst. d. Bakt., 
2, 1900, 397; Bacterium aceticum Chester, 
Man. Determ. Bact., 1901, 127; not Bac¬ 
terium aceticum Baginsky, Ztschr. f. 
phys. Chem., 12, 1888, 437.) From fer¬ 
menting dough. 

Bacterium pholometricum Engelmann. 
(Engelmann, Jour. Roy. Microscop. Soc., 
1882, 656 and 1883, 256; Bacillus photo- 
metricus Trevisan, I generi e le specie 
delle Batteriacee, 1889, 18.) Sapro¬ 
phytic. 

Bacterium piluliformans (Mtiller-Thur- 
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gau) Migula. {Bacillus piluliformans 
Miiller-Thurgau, Jahresber. d. Versuchs- 
station zu Wadenswil 1S92/3, S, 1894, 92; 
Migula, Syst. d. Bakt., S, 1900, 513.) 
From a disease of red wine. 

Baclerium pHuitostun Migula. {Ba¬ 
cillus lactis piluitosi Ldcffler, Berliner 
klin. Wochnschr., 1887, 631; Bacterium 
laclis piluitosi Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 86 ; Migula, 
Syst. d. Bakt., 9, 1900, 403; BacterUun 
lactis Chester, Man. Determ. Bact., 
1901,148; not Bacterium lactis Baginsky, 
Ztschr. f. phys. Chem., 12, 1888, 437.) 
From milk. 

Bacterium pityocampae Dufrenoy. 
(Compt. rend. Soc. Biol., Paris, 71, 1919, 
288.) From diseased caterpillars of the 
processionary moth {Cnethocampa pityo- 
campa ). 

Bacterium pleuropneumoniae Migula. 
(Diplococcus dcr Brustseuche der 
Pferde, Schutz, Arch. f. pathol. Anat. u. 
Physiol., i07,374; Migula, Syst. d. Bakt., 
2, 1900, 348.) Frequently isolated from 
horses with pneumonia. 

Bacterium plicalum (Zimmermann) 
Chester. {Bacillus plicalus Zimmer¬ 
mann, Die Baktcrien unserer Trink- und 
Nutzw^ser, Chemnitz, i, 1890,54; Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 108; Bacterium plicativum Mi¬ 
gula, Syst. d. Bakt., 2, 1900, v and 453). 
From water. 

Bacterium pneumopecurium Chester. 
(Bacillus of sporadic pneumonia of 
cattle. Smith, U. S. Dept. Agr. Bur. 
Animal Husbandry, 1895, 136; Chester, 
Man. Determ. Bact., 1901,137.) Similar 
to Pasteurella suilla. 

Baclerium pneumosepticum (Babes) 
Migula. {Bacillus pneumosepticus 
Babes, Progr^s mdd. roumain, 6, 1889; 
not Bacillus pneumosepticus Kruse, in 
Flugge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 408; Migula, Syst. d. Bakt., 2, 
1900, 377.) From a case of septic pneu¬ 
monia. 

Bacterium polymorphum (Frankland 
and Frankland) Migula. {Bacillus poly- 
morphus Frankland and Frankland, 


Philos. Trans. Royal Soc. London, 178, 
1887, B, 275; Migula, Syst, d. Bakt.,^, 
1900, 420.) From air. 

Bacterium porri Majocchi. (Majoc* 
chi, in Tommasi-Crudcli, Anatomia 
patologica, 1, 1SS2; Bacillus verrucae vul¬ 
garis Kuhnemann, Monatsh. f. prakt. 
Dermatol., 9, 1889; Bacillus porri Trevi- 
san, I gencri e le specie delle Batteriacee, 
1889, 13.) From warts. 

Bacterium prodeniae Metalnikov and 
Metalnikov. (Compt. rend. Acad. 
Agric., France, 18, 1932 , 206.) From a 
blackened dead larva of a moth {Pro- 


denia litura). 

Bacterium profusum (Frankland and 
Frankland) Migula. {Bacillus projusus 
Frankland and Frankland, Philos. Trans. 
Royal Soc. London, 178, 1887, B, 276, 
Migula, Syst. d. Bakt., 2, 1900, 421.) 
From air. 

Bacterium pseudoaguatile Migula. 
{Bacillus aquatilis a, Tataroff, Inaug. 
Diss., Dorpat, 1891, 44; Migula, Syst. d. 
Bakt., 2, 1900, 470.) From water. 

Bacterium pseudoconjuiKiiviti *5 

(Kruse) Chester. (Kartulis, Cent. 
Bakt., ;, 1887, 289; Bacillus pseudocm- 
junctivitidis Kruse, in Fltiggf^> J 
Mikroorganismen, 3 Aufl., 2, ' 

Chester, Ann. Rept. Del. Col. Agr- ■’^P- 
Sta., 9, 1897, 108.) From conjunctiva 

secretions. . 

Bacterium pseudojilicinutn Migu 
(Fadenbacillus, Maschek, Bakterio 
gische Untersuchungen der Lcitmen ze 
Trinkwasser, Leitmeritz, 1887; 

Syst. d. Bakt., «, 1900, 454.) From 


Baclerium pseudoinfluenzae ^ 

tester. (Pseudoinfluenzabacllus, 

feiffer, Ztschr. f. Hyg., 

dcillua pseudoinfluenzae „ 

lugge. Die Mikroorganismen, i 

, 1896, 439; Chester, Ann. ReP • ^ 
Ini Aer. E.xD. Sta., 9, 1897, 66 .) 


kter- 


t^;i. . • \Ii- 

3aclerium pseudokeratomalact 

la. (Loeb, Cent. f. ^ 359 .) 

): Migula, Syst. d. Bakt., 2, 19w» 
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A capsulated bacterium from infected 
cornea of a child. 

Bacterium pseudomuUipcdiculum Mi- 
gula. {Bacillus multipediculus Jlavus 
Zimmermann, Bakt. unscr. Trink- u. 
Nutzwasser, Chemnitz, 2, 1894, 42; Mi- 
gula, Syst, d. Bakt., S, 1900,332.) From 
sewage. 

Bacterium pscudopneumonicum (Pas- 
set) Chester. (Bacillus pseudopneumo- 
nicus Passet, Untersuchungen iiber die 
Aetiologie der eiterigen Phlegmone des 
Menschen, 1885,40; Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 5, 1897, 140; 
Brucella pscudopneumonicum Pribram, 
Klassifikation der Schizomyceten, Leip¬ 
zig und Wien, 1933, 68.) From pus. 

Bacterium punctum (Mueller) Ehren- 
berg. {^fo7^as punctum Mueller, In¬ 
fusoria, 1786, 3; Bacillus punctum Trevi- 
san, I generi e le specie delle Battcriacee, 
1889, 18.) From swamps and stagnant 
water. 

Bacterium putidum Chester. (Bacillus 
gracilis cadaveris Sternberg, Man. of 
Bact., 1893, 733; Chester, Man. Determ. 
Bact., 1901,140.) From a liver. 

Bacterium pyaemicum Migula. (Levy, 
Cent. f. klin. Med., 1890, No. 4; abst. in 
Cent. f. Bakt., 8, 1890,86; Migula, Syst. 
d. Bakt., 8, 1900, 443.) From a case of 
pyemia. 

Bacterium pyocinnahareum (Kruse) 
Chester. (Ferchmin, Ueber rote Eitc- 
rung, Wratsch, 1892, No. 24 and 25; 
abst. in Cent. f. Bakt., IS, 1893, 103; 
Bacillus pyocinnabareus Kruse, in 
FlOgge, Die Mikroorganismen, 3 Aufl., 8, 
1896, 304; Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 113.) From a 
case of red pus. 

Bacterium pyogenes Chester. (Fuchs, 
Inaug. Dies., Greifswald, 1890; Bacillus 
pyogenes anaerobius Kruse, in FlOgge, 
Die Mikroorganismen, 3 Aufl., 8, 1896, 
244; not Bacillus pyogenes anaerobius 
B61a-Johan, Cent. f. Bakt., I Abt., Orig., 
87, 1922, 290; Bacterium pyogenes an- 
aerobivs Chester, Ann. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 127; Chester, 
Man. Determ. Bact., 1901, 184; not 


Bacterium pyogenes Migula, Syst. d. 
Bakt., 8, 1900, 3S1; not Bacterium pyo¬ 
genes Ward, Jour. Bact., 2, 1917, 619.) 
From stinking pus from a rabbit. 

Bacterium pyrauslae Nos. 1-7 Metalni- 
kov and Chorine. (Internat. Corn 
Borer Invest., Sci. Repts., 1, 1928, 52.) 
From diseased corn borer larvae (Py- 
rausta nubilalis Hb.). 

Bacterium radialum Chester. (Del. 
College Agr. Expt. Sta. Ann. Rept., 11, 
1900, 56.) From soil. 

Bacterium ramificans Weiss. (.\rb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
229.) From bean infusions. 

Bacterium rangiferinuin Honing. 
(Honing, Cent. f. Bakt., II Abt., S7, 
1913,379; P/oca?rjo5acteri urn rangiferinum 
Pribram, Klassifikation der Schizo¬ 
myceten, Leipzig und Wien, 1933, 78.) 
From fermenting tobacco. 

Bacterium repens Miehe. An orga¬ 
nism associated with Bacterium foliicola 
de Jongh. 

Bacterium rctiformans Gicklhorn. 
(Cent. f. Bakt., II Abt., 60, 1920, 421.) 
A sulfur bacterium from garden soil. 
See Manual, 6th ed., 1939, 86 for a de¬ 
scription of this organism. 

Bacterium rhizopodicum Migula. (Ba¬ 
cillus rhizopodicus margarineus Jolles 
and Winkler, Ztschr. f. Hyg., 80, 1895, 
105; Migula, Syst. d. Bakt., 2, 1900, 452.) 
From margarine. 

Bacterium roseum Losski. (Losski, 
Inaug. Dies., Dorpat, 1893; quoted from 
Migula, Syst. d. Bakt., 8, 1900, 484; 
Bacillus roseus Nepveux, Thdse, Fac. 
Pharm., Paris, 1920, 115.) From sand. 

Bacterium rubigenosum Kern. (Kern, 
Arb. bakt. Inst. Karlsruhe, 1, Heft, 4, 
1896,456; Bacillus rubigenosus Nepveux, 
Thfise, Fac. Pharm., Paris, 1920, 113; 
not Bacillus rubiginosus Catiano, in 
Cohn, Beitr. z. Biol. d. Pflanzen, 7,1S96, 
538.) From the intestines of birds. 

Bacterium rubrum Schneider. (Bak- 
terium rubrum Schneider, Arb. bakt. 
Inst. Karlsruhe, 1, Heft 2, 1894, 213; 
also see Migula, Syst. d. Bakt., 8, 1900, 
488; Bacillus rubrum Nepveux, Th^, 
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P'ac. Pharm., Paris, 1920, 115.) From 
swamp water. Difficult to distinguish 
from Bacterium erythromyxa. 

Bacterium rubrum Metalnikov and 
Motalnikov. (Compt. rend. Acad. 
Agric., France, 18, 1932, 204; not Bac¬ 
terium rubrum Sclmeider, Arb. bact. 
Inst. Karlsruhe, 1, Heft 2, 1894, 213.) 
From tlie cotton worm {Gelechia gossy- 
piella). 

Bacterium salivae Migula. {Bacillus 
salivae minutissimus Kruse, in Flugge, 
Die Mikroorganismen, 3 Aufl., 2, 1S96, 
440; Bacterium salivae minutissimus 
Cliester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 86 ; Migula, Syst. d. Bakt., 
2, 1900, 418.) From secretions of the 
mouth. 

Bacterium sulmonicida Lehmann and 
Neumann. (Bacillus der Forellcn- 
scuche, Emmerich and Wcibcl, .\rch. f. 
Hyg., 21, 1894, 1; Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 2, 1896, 240; 
Bacillus sabnonicida Kruse, in Flugge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
322; Bacterium salmonica Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
99; see Mackie et al., Final Kept, of t\\o 
Furunculosis Committee, H. M. Station¬ 
ery Office, Edinburgh, 1935; and Duff, 
Jour. Bact., 34, 1937, 49.) Pathogenic 
for trout. 

Bacterium sanguinis Migula. {Bacil¬ 
lus sanguinis typhi Sternberg, Man. of 
Bact., 1893, 732; Bacterium sanguinis 
typhi Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 89; Migula, Syst. d. 
Bakt., 2, 1900, 506.) From the blood of 
typhus fever patients. 

Bacterium sckujjneri Honing. (Cent, 
f. Bakt., II Abt., 37, 1913, 370.) From 
tobacco plants in Sumatra. 

Bacterium septentrionale Issatchenko. 
(Recherches sur les microbes de 1 Oedan 
Glacial .\rctique (in Russian). Petro- 
grad, 1914, 239.) From sea water. 

Bacterium {Proteus) septicus (Babes) 
Chester. {Proteus septicus Babes, Sep- 
tische Processe des Kindesalters, 1889; 
Bacillus proteus septicus Kruse, in 
Fltigge, Die IMikroorganismen, 3 Aufl., 2, 


1896, 279; Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 102; Bacillus 
septicus Chester, Man. Determ. Bact., 
1901, 245; not Bacillus septicus Mac4, 
Traits pratique de Bact., 1st ed., 1839, 
455; not Bacillus septicus Migula, Syst. 
d. Bakt., 2, 1900, 646; not Bacillus septb 
cits Crookshank, Textb. of Bact., 4th 
ed., 1900 , 632.) From the intestine of a 
child having septicemia. 

Bacterium setosum Henrici. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 


46.) From cheese. 

Bacterium siccum Issatchenko. (B®' 
cherches sur les microbes de 1 OctSan 
Glacial Arctique (in Russian). Petro- 
grad, 1914, 235.) From sea water. 

Bacterium sieberti Migula. (Siebert, 
Inaug. Diss., Wurzburg, 1894, 13 ;Migu a, 
Syst. d. Bakt., 2, 1900, 456.) From hair 

follicles. 

Bacterium soriferum Migula. ( ^v 

crin, Cent. f. Bakt., II Abt., 1, 

Migula, Syst. d. Bakt., 2, 1900, 


rom manure. 

Bacterium spiniferum (Unna-Tomma* 
ili) Chester. {Bacillus spimp^^ 
nna-TommasoIi, Monatsh. f- P"!* 
ermatol., 9, 1889 , 58; Chester, Ann. 
ept. Del. Col. Agr. Exp. Sta., 1» - 
0 and 143.) From human skm '(v 

borrheic eczema. ^ fArb. 

Bacterium spinosum Weiss. 1 
\kt. Inst. Karlsruhe, 2, Heft , 

9.) From fermenting beets. 
Bacterium spirale Issatchenko 
lerches sur les microbes de l 
lacial Arctique (in Russian). 

-ad, 1914, 238.) From sea water. 

Bacterium sputigenum Ly, 

llus acrogenes sputigenus cap 
erla, Archiv de Biol., ’ ^ 33 . 

Hester, Man. Determ. g^t. 

M Bacterium sputigenuntMmi^>^ 

. Bakt., «. 1900, 378.) ^rom 
■ a mouse which had been .jgnt. 

ith the sputum of a pneumonia pai . 
Bacterium sputigenum Migu • 

3 hn>. Inaug. Df • 378.) 

); Migula, Syst. d. Bakt., 2, 

rom the mouth. 
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Bacterium squamatum Weiss. (Arb. 

bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
242.) From vegetable infusions. 

Bacterium squamosum Kern. (.\rb. 

bakt. Inst. Karlsruhe, 1, Heft 4, 1897, 
436.) From the stomachs ami intestines 
of birds. 

Bacterium stalactiligenes Honing. 
(Cent. f. Bakt., II Abt., 37, 1913, 375.) 
From tobacco plants in Sumatra. 

Bacterium sternbergii Migula. (Ba¬ 

cillus anaerohius liquefaciens Sternberg, 
Man. of Bact., 1893, 693; Migula, Syst. 
d. Bakt., 2, 1900, 444; Bacterium an- 
aerobicum Chester, Man. Determ. Bact., 
1901, 198; Bacillus sternbergii Winslow, 
Kligler and Rothberg, Jour. Bact., 4. 
1919, 487.) From intestines of yellow 
fever cadavers. 

Bacterium steroidiclasium Arnaudi and 
Ercoli. (Boll. Sez. ital. Soc. intern. 

Microbiol., 20 (3), 1941, 000; also sec 
Arnaudi, Cent. f. Bakt., II Abt., 105, 
1942-43, 352.) Source not given in 
second paper. From bakers’ yeast. 

Bacterium streckeri (Trevisan) Migula. 
(Bacillus citreus cadaveric Strassmann 
and Strecker, Ztschr. f. Medizinal- 
beamte, 1888, No. 3; Bacillus streckeri 
Trevisan, I gencri e le specie dellc 
Batteriacee, 1889, 17; Bacterium citreus 
cadaveric Chester, .\nn. Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 108; Migula, 
Syst. d. Bakt., 2, 1900, 460; Bacterium 
citreum Chester, Man. Determ. Bact., 
1901, 167.) From a cadaver. 

Bacterium subcilricum Weiss. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 3, 1902, 
257.) From vegetable infusions. 

Bacterium subfuscum Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
461.) From the intestines of birds. 
Bacterium suhluleum Migula. (Bacil¬ 
lus luteus von Dobrzyniecki, Cent. f. 
Bakt., I Abt., 21, 1897, 835; Migula, 
Syst. d. Bakt., 2, 1900, 456.) From the 
mouth. 

Bacterium sulfureum Holschewnikoff. 
(Holschewnikoff, Fortschr. d. Med., 7, 
1889, 204 and Ann. de Microgr., 1, 1888- 
1889, 261; Bacillus sulfureus Trevisan, I 


generi e le specie delle Batteriacee, 1SS9, 
17.) From sewage. 

Bacterium sumatranum Honing. 
(Cent. f. Bakt., II Abt., 37, 1913, 374.) 
From tobacco plants in Sumatra. 

Bacterium surgeri (Domic and Daire) 
Buchanan and Hammer. (Bacillus sur- 
geri Domic and Daire, Bull. mens, de 
rOffice de renscignements agricoles, 6, 
1907, 146; Buchanan and Hammer, 
Iowa Sta. Coll. Agr. E.\p. Sta., Res. 
Bull. 22, 1915, 254.) From serum pro¬ 
duced in the manufacture of casein.. 
Causes slimy milk. Closely related to 
the Bacterium bulgaricum group, accord¬ 
ing to Buchanan and Hammer. 

Bacterium sycosiferum Migula. (Ba¬ 
cillus sycosiferus foctidcs Unna-Tom- 
masoli, Monatsh. f. prakt. Dermatol., 8, 
1889, 183; Migula, Syst. d. Bakt., 2, 
1900, 385.) From the beard of a patient 
with bacillogenic sycosis. 

Bacterium syphilidis (Kruse) Migula. 
(Syphilisbacillus, Lustgarten, Wiener 
mod. Wochnschr., 1884 and Wiener med. 
Jahrbucher, 1885; Pacinia syphilitica 
Trevisan, I generi c Ic specie delle 
Batteriacee, 1889, 23; Bacillus syphilidis 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Auil., 2, 1896, 514; Migula, Syst. d. 
Bakt., 2, 1900, 496.) From syphilis. 

Bacterium lachytonum Fischer. 
(Fischer, Deutsche med. Wochnschr., 
1894, No. 25-28; Bacillus tachytonus 
Migula, Syst. d. Bakt., 2, 1900, 655.) 
From feces in a case of cholera. 

Bacterium tenue Migula. (Bacillus 
tenuis spuiigenes Pansini, Arch. f. path. 
Anat., 122, 1890, 453; Bacillus sputigenus 
tenuis (sic) Kruse, in Fliigge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 431; Bac- 
teriu7n spuiigenes tenuis Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
89; Migula, Syst. d. Bakt., 2, 1900, 457.) 
Associated with advanced phthisis and 
catarrhal pneumonia. 

Bacterium termo (Mueller) Ehrcnberg. 
(Monas termo Mueller, Infusoria, 1786; 
Ehrenberg, Abhandl. Akad. Berl., 1830; 
Palmella infusionum Ehrenberg, In- 
fusionsthierchen, 1838, 526; Zoogloea 
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termo Cohn, Xova Acta Leop. Carol., 24, 
1S53, 123; Bacillus termo Trevisan, I 
gencri e le specie delle Battcriacce, 18S9, 
18.) From infusions. 

Bacterium icrrno var. subtcrraneum 
Ilansgirg. (Ilansgirg, Ocst. Bot. 
Ztsciir., 1888, G; quoted from DcToni 
and Trevisan, in Saccardo, Sylloge 
Fungorum, 8, 1SS9, 1025.) From damp 
walls in a cellar. 

Bacterium ifiiogenes Lehmann. 
(Thionsaurcbaktericn, Trautwcin, Cent, 
.f. Bakt., II Abt., 53, 1921, 513; ibid., 61, 
1924,1; Lehmann, in Lehnuann and Neu¬ 
mann, Bakt. Diag., 7th Aufl., 2, 1927, 
51G; Tliiobacillus trautwcinii Bergey 
et al., Manual, 2nd ed., 1925, 39.) From 
canal water, sewage and soil. Regarded 
by Trautwcin (loc. cit., 1924,5) as closely 
related to Bacterium denitrificans Leh¬ 
mann and Neumann. See Flavobac- 
terium denitrificans Bergey et al. Iletero- 
trophic and therefore wrongly placed in 
Tliiobacillus (Starkey, Jour. Bact., 28, 
1934, 387; Jour. Gen. Physiol., 18, 1935, 
325). 

Bacteriwn tholocideum Gessner. 
(Gessner, Arch. f. Hyg., 9, 1889, 129; 
Bacillus iholoeideus DeToni and Trevi¬ 
san, in Saccardo, Sylloge Fungorum, 8, 
1889,952.) From the human duodenum. 

Bacterium iortuosum Zukal. (Zukal, 
Verb. d. zoolog. botan. Gesellsch., Wien, 
85, 1885; Bacillus tortuosus Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
18; not Bacillus tortuosus Debono, Cent, 
f. Bakt., I Abt., Grig., 62, 1912, 233.) 
From muddy water. 

Bacterium tremulans Ehrenberg. 
(Ehrenberg, Abhandlungen d. Berliner 
Akad., 1830, 38; Vibrio tremulans Ehren¬ 
berg, Die Infusionsthierchen, 1838, 79; 
Trevisan, Rend. 1st. Lomb., 1879, 145; 
Bacillus tremulans Trevisan, I generi e 
le specie delle Batteriacee, 1889, 18.) 
From stagnant water, infusions, etc. 

Bacterium trichorrhexidis Migula. 
{Bacillus multijormis irichoTThexidis Ho- 
dara, Monatsh. f. prakt. Dermatol., 19, 
X894, 173; Migula, Syst. d. Bakt., 2, 


1900, 437.) From healthy hair showing 
trichorrhexis. 

Bacterium truncatum Chester. (Ba¬ 
cillus No. XII, Adametz, Landwirtsch. 
Jahrb., 18, 1889; Chester, Man. Determ. 
Bact., 1901,157; not Bacterium truncatum 
Migula, Syst. d. Bakt., 2, 1900, 407; not 
Bacterium truncatum Chester, loc. cit., 
195.) From Emmcnthal cheese. 

Bacterium tuberosum Kern. (Arb. 
bakt. Inst. Karlsruhe,/, IIeft4,1896,455, 
Bacillus tuberosus Nepveux, Tlicse, Fac. 
Pharm., Paris, 1920, 113.) From the 

intestines of birds. 

Bacterium turcosum. (Quoted fron^ 
Franke and Rudloff, Biochem. Ztschr., 
310, 1942, 207.) Source not given. 

Bacterium uniforme Weiss. 
bakt. Inst. Karlsruhe, 2, Heft 3, 199' , 

250.) From fermenting malt. 

Bacterium ureae Leube and raser 

(Lcube and Grascr, .\rch. 

Anat. u. Physiol., 100, 1885,558; Bad u 

ureae Dyar, Ann. N. / 

1895, 357; not Bacillus ,! 

Bull. Soc. Chiin. d. Paris, 31, ' 

Orobacillus leubei Miquel and * ’ 
Traits de Bact^riologie, Paris, 19 ’ 

not Urobacillus leubei Beijerinck, t • 

f. Bakt., II Abt.. 7, 1901, 51; PJocojno 

bacterium ureae Pribram, ' 

der Schizomyceten, Leipzig un 
1933, 78.) From urine. Leube 
no statement regarding 
tion. While MiquePs and I^ub^ s 

ganisms are sometimes regar 

having been identical, Mique j, 

regard his Bacillus ureae as being 

cal with I^ube’s 

gave them separate name ^jjquel 

duclauxii and Urobacillus ei 

and Cambier. loc. cit., 6 
The latter name had howe\e 

viously used by f^redits the 

a different organism. DJ /gtschr- 
name Bacillus ureae to Jafeeh 

f. physiol. 

however, spoke only ot cultures- 

and evidently had no P“ is 

Dyar’s culture which came f » ^ 

listed in the 1900 Kril catalogue 
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Bacillus ureae Leube. Also see Gibson 
(Jour. Bact., 24, 1935, 493). Lohnis 
(Handb. f. landwirtsch. Bakt., 1910, 
459) thinks that this species belongs in 
the Proteus group. 

Bacterium vaillardi Migula. (Kelsch 
and Vaillard, Ann. Inst. Past., 4 , 1890, 
276; Migula, Syst. d. Bakt., 2, 1900, 437.) 
Found in swellings of the lymph system 
in leukemia. 

Bacterium varicosum Migula. (Gom- 
bert, Uecherches exp^r. microbes con- 
jonctives, Paris, 1889; Bacillus varicosus 
conjunclivae Sternberg, Man, of Bact., 
1893, 474; Bacterium varicosus conjunc- 
tivae Chester, Ann. Kept. Del. Col. .Vyr. 
Exp. Sta., 9, 1897, 100; Migula, Syst. d. 
Bakt., 2, 1900, 444.) From the normal 
conjunctiva of man. 

Bacterium variosum Weiss. (.4rb. 
bakt, Inst. Karlsruhe, 2, Heft 3, 1902, 
218.) From vegetable infusions. 

Bacterium velaturn Migula. {Bacillus 
iuberigenus 6, Gonnermann, Land- 
wirtsch. Jahrb., 2S, 1894, 657; Migula, 
Syst. d. Bakt., 2, 1900, 454; Bacillus 
velaius Nepveux, Thdse, Fac. Pharm., 
Paris, 1920, 113.) From lupine root 
nodules. 

Bacterium vernicosum Zopf. (Zopf, 
Beitr. z. Physiol, u, Morphol. niederer 
Organismen, Ileft 1, 1892, 63; Bacillus 
vermcosusMigula, Syst. d. Bakt.,^, 1900, 
781.) From cotton-seed meal. 

Bacterium vesiculosum Henrici. (Arb. 
a. d. bakt, Inst. d. techn. Hochschule 
zu Karlsruhe, /, Heft, 1, 1894, 37.) 
From cheese. 

Bacterium Hllosum (Keck) Migula. 
{Bacillus mllosus Keck, Inaug. Diss., 
Dorpat, 1890, 47; Migula, Syst. d. Bakt., 
2, 1900, 429; Plocamobacterium vUlosuui 
Pribram, Klassifikation der Schizo- 
inyceten, Leipzig und Wien, 1933, 79.) 
From water. 

Bacterium vinicola Migula. {Bacillus 
mscosiis vini Kramer, Bakteriol. in 
ihren Beziehungen z. Landwirtsch., 2, 
1892,144; Migula, Syst. d. Bakt., 1900, 
510.) From wine. 

Bacterium viniperda Migula. {Bacil¬ 


lus saprogenes vini IV, Kramer, Bak¬ 
teriol. in ihren Beziehungen z. Land¬ 
wirtsch., .2, 1892, 135; Migula, Syst. d. 
Bakt., 2, 1900,446.) From diseased wine. 

Bacterium viride van Tieghem. (Bull. 
Soc. bot. France, 27, 1880, 174.) Found 
on a fungus. 

Bacterium viscidum Migula. {Bacillus 
viscosus margarineus Jolles and Winkler, 
Ztschr. f. Hyg., 20, 1895, 104; Migula, 
Syst. d. Bakt., 2, 1900, 450.) From 
margarine. 

Bacterium viscosum Migula. {Bacillus 
viscosus sacchari Kramer, Sitzungsb. 
d. kais. Akad. d. Wiss., Wien, 1889; 
Bakteriol. in ihren Beziehungen z. 
Landwirtsch., 2, 1892, 156; Migula, Syst. 
d. Bakt., 2, 1900, 447.) Similar to Leu- 
conostoc mesenteroides e.xcept that it 
liquefies gelatin. 

Bacterium viscusum non-liqucfaciens 
Stutzer and Wsorow. (Cent. f. Bakt., 
II Abt., 71, 1927, 117.) From pupae of 
moth {Euxoa segetum). Kesemblcs Ba¬ 
cillus viscosus Frankland. 

Bacterium vilulinum Chester. (Bacil¬ 
lus der Septikainie bei einem Seekalbe, 
Bosso, Cent. f. Bakt., 25, 1899, 52; 
Chester, Man. Determ. Bact., 1901, 143.) 
From a septicemia of the sea-calf {Phoca 
vitulina). 

Bacterium vilulorum Migula. (Bacil¬ 
lus der weissen Ruhr der Kalber, Jensen, 
Monatsh. f. prakt. Tierheilk., S, 1892, 
92; Maanedskrift for Dyrlaeger, 4 , 1892- 
93, 140; Bacillus dysenteriae vilulorum 
Kruse, in Flugge, Die Mikroorganismen, 
3 Aufl., 2,1896,412; Bacterium dysenteriae 
vilulorum Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 86; Migula, 
Syst. d. Bakt., 2, 1900, 394; Bacterium 
dysenteriae Chester, Man. Determ. Bact., 
1901, 145.) Associated with dysentery 
of calves. 

Bacterium winkleri Migula. (Mar- 
garinbacillus /?, Jolles and Winkler, 
Ztschr. f. Hyg., 20, 1895, 102; Migula, 
Syst. d. Bakt., 2, 1900, 485.) From 
margarine. 

Bacterium wrightH Chester. (Cap¬ 
sule Bacillus of Mallory and Wright, 
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ZNschr. !. Hyg., 20, 1895, 220; Chester, 
M:in. Detorm. Bact., 1901,133.) From a 

case of bronchopneumonia. 

Bacterium zinnioidcs Honing. tCeiit. 
f. Bakt., II Abt., 37, 1913, 371.) From 
tobacco, peanut and other plants in 
Sumatra. 

Bacterium zucruianum (Li.st) Chester. 
{Bacillus zuernianus Li.st, Inaug. Diss., 
Leipzig, 1H85, 36; Cliestor, .\nn. Rept. 
Del. Col. Agr. K\p. Sta.. 9, 1897, 83.) 
From fresli manure and intestines of 
sheep; also found in water. 

Coccohacillus acridiorum Picard and 
Blanc, ((’oceobaeille dcs .sauterelles, 
(Fllerclle, Compt. rend. .Vead. Sei. Paris, 
152, 1911, 1413; Picard and Blanc, ibid., 
156, 1913, 1335; Bacillus acridiurum 
Chatton, ibid., 166, 1913, 1708.) Irom 
a locust {Schistoccrca americana Drury). 

Coccohacillus cajae Picard and Blanc. 
(Compt. rend. .\cad. Sci., Paris, 156. 
1913, 1334; Bacillus cajus Marcliol, Re¬ 
vue de Phytopath. Appl., /, 1914, IF) 
From diseased caterpillars of 4lrc/ia caja. 

Coccohacillus gibsoui Chorine. (In- 
ternat. Corn Borer Invest., Sci. Repts., 
2, 1929,42; B. gibso7ii Paillot, B. presum¬ 
ably indicates Bacterium, see index, 
p. 522, L’infection chez les insectes, 1933, 
134; Bacillus gibsoni Steinliaus, Bacteria 
Associated Extracellularly with Insects, 
Minneapolis, 1942, 58.) From diseased 
corn borer larvae {Pyrauslra tiubilalis). 

Coccobacillus itiseclorum Hollande and 
Vernier. (Compt. rend. Acad. Sci., 
Paris, 171, 1920, 207.) From diseased 
caterpillars of a moth (Malacosoma 
castrensis). 

Coccobacillus itiseclorum var. malaco- 
somae Hollande and Vernier. (Compt. 
rend. Acad. Sci., Paris, 171, 1920. 208.) 
From diseased caterpillars of a moth 
{Malacosoma castrensis). 
Denitrobacterium thermophilum Ani- 

broz. (Cent. f. Bakt., II Abt., S7, 1913, 
3 .) A thermophilic bacterium from soil. 

Diplobacillus melolonihae Paillot. 
(Compt. rend. Soc. Biol,, Paris, 69, 1917, 
^ ;AnnaIes des fipiphyties, 8, 1922, 117.) 


From larvae of cockcliafers {Melolonlha 
mclolontha). 

Diplobacillus pten's Paillot. (Annales 
des fipiphyties, 8, 1922,129.) From dis¬ 
eased caterpillars of the cabbage butter¬ 
fly {Pieris brassicae). 

Hclicobacterium aerogenes Miller- 
(Deutsche Med. Wchnschr., 12, 1886,119; 
Bacillus hclicoidcs DeToni and Trevisan, 
in Saccardo, Syllogo Fungorum, 8, 1889. 
952.) From the stomach. This is 
type species of the genus HeUro 

bactcriutn. 

Ifelicobacterium klcbsii Miller. ( 
Mikroorganismen der Mundhohle, 
Aufl., Leipzig, 1892, 370; quoted from 
Buchanan, Gen. Syst. Bact., Baltimore. 

1925,327.) From the mouth. 

Microbacillus citreus haregensis Robine 
andHauduroy. (Compt. rend.Soc.Biol-, 

Paris, 98, 1928, 26.) From hot sultu 
springs at Bareges. Fourment (Comp • 

rend. Soc. Biol., Paris, ^ 

states that this species is Bacillus u e 

Flligge, but Robine and 
(Compt. rend. Soc. BioL, Pans, 99, 1928, 

317) deny this. p 

Micrococcobacillus necrolicans 
cheff. (See Pascheff,-Bericht. d. op 
thalmol Gesellsch., Heidelberg, - 
418 or Klin. Monatsbl. f. 

57, 1916, 517 .nd S8, 1917, 97; Coccoboa^^ 

luspolymorpkus necroticans, ^ 

Bayer aad v. Herrenschwand, Aren. • 

Ophthalmol, 98, 1919, 358; 
bacillus polymorphus og; 

Paaoheff, iW., 97.) 

eye. Reported as the causal o g 

of conjunctivitis. 

NitrosobaciUus thermophilus 

(Sci., 73,1932,23.) From soil. 

ammonia to nitrite. /Ttacillo 

Padnia ferrarii Trevisan_( 

delP ulcera molle, Ferran. * 
isan, I generi e le specie delle 

teriacee, 1889 , 23.) rBaoillu^ ® 

Padnia JicHi Trevisan. 

des Conjunctivalsackes, » 

Trevisan, I generi e le spcci 


« rtrtrt OO ^ 
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Pacinia mtcheli Trcvisan. (Michel, 
Luftstabchen des Conjunctivalsecretes, 
1882; Trevisan, I generi e le specie delle 
Batteriacee, 1889 , 23.) From the 

conjunctiva. 

Plocamobacterium acidi lactici Prib¬ 
ram. (Lange Milchsaurcslabchen, WolIT, 
Cent. f. Bakt., II Abt., 20, 1908, 545; 
Pribram, Klassifikation der Scliizo- 
myceten, Leipzig und Wien, 1933, 76.) 
From milk. 

Plocamohaclerium epidermidis (Biz- 
zozero) Pribram. {Leptolhrix cpi- 
dermidis Bizzozero, Arch. f. path. Anat., 
98, 1896, 455; Pribram, loc. cil., 77.) 
From the skin. 

Plocamobacterium proteolylicum (Woll- 
man) Pribram. {Clycohaclcr proteolyt- 
tcw8 Wollman, Ann. Inst. Past., S6, 1912, 
617; Pribram, loc. cil., 118.) 

Plocamobacterium rubrum Pribram, 
loc. cil., 78. Red cheese bacterium 
(Kiel). 

Plocamobacterium lUsitense Pribram, 
loc. cit., 78. From Tilsit cheese (Kiel). 

Proteus hominis Bordoni-Uffreduzzi. 
(Bacterium, Bordoni-Uffreduzzi and Di 
Mattei, Arch, per le scienze mediphe, 10, 

1886, No. 7; abst. in Cent. f. Bakt., 1, 

1887, 345; Bordoni-Uffreduzzi, Ztschr. f. 
WyS'>5» 1888,333; Proteus hominis capsu- 
latus Bordoni-Uffreduzzi, ibid.-, Proteus 
capsulatus aeplicua Banti, Lo Sperimen- 
talo, 88; Klebsiella bordonii Trevisan, I 
generi e le specie delle Batteriacee, 1889 
25; Bacillus capsulatus septicus Kruse 
in FlUgge, Die Mikroorganismen, 3 Aufl. 
2, 1896, 345; Bacterium hominis capsu 
latus Chester, Ann. Kept. Del. Col. Agr 
Exp. Sta., 9, 1897, 136; Bacterium capsu 


latus and Bacterium capstdalus septicus 
Chester, ibid., 130; Bacterium proteus 
Migula, Syst. d. Bakt., 2, 1900, 362; 
Bacterium bordonii Chester, Manual of 
Determ. Bact., 1901, 152.) From a case 
of ragpicker’s disease which may have 
been anthrax or malignant edema. 

Urobacillus bcijerinckii Christensen. 
(Christensen, Cent. f. Bakt., II Abt., 27, 
1910, 357; Bacillus bcijerinckii Do Rossi, 
Microbiologia Agraria e Technica, 1927, 
646.) From humus. Utilizes urea. 

Urobacillus jakschii Sohngen. (Sohn- 
gen, Cent. f. Bakt., II Abt., 23, 1909, 93; 
Bacillus jakschii Dc Rossi, Microbiologia 
Agraria c Technica, 1927, 646.) From 
garden earth. Utilizes urea. 

UrobacillusmiqueliiBe}]eTinck. (Cent, 
f. Bakt., 7, 1901, 47.) From garden 
earth. Ixihnis (Ilandb. f. landwirtsch. 
Bakt., 1910, 459) regards this us belong¬ 
ing to the genus Proteus. 

Urobacillus schutzenbergii I and II 
Miquel. (Miquel, Ann. de Micrograph,, 
5, 1893, 321 and 323; Bacillus schuizen- 
bergii Migula, Syst. d. Bakt., 2, 1900, 
727.) From sewage and river water. 
These may belong to Proteus (Lohnis, 
Handb. f. landwirtsch. Bakt., 1910, 459). 
Urobactcrium aerophilum Rubentschik. 

(Cent. f. Bakt., II Abt., 66, 1925, 175.) 
From salt water. Lake Liman near 
Odessa. 

Urobacterium citropkilum Rubent¬ 
schik. (Cent. f. Bakt., II Abt., 66, 1925, 
172.) From black mud and salt water, 
Lake Liman near Odessa. 

Viacobacterium lactis foetidum Laxa. 
(Cent. f. Bakt., II Abt., 95, 1936, 130.) 
From milk having a fetid odor. 
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APPENDIX TO SUBORDER EUBACTERIINEAE 


Record of species and synonyms discovered too late to be entered in the main 
body of the text. Arranged alphabetically by genera. 


Acelobacter aceli (Kiitzing) Beijerinck 
s>Ti. Bacteriinn acettcus Chester, .Ann. 
Kept. Del. Col. .\gr. Exp. Sta., 9, 1897, 
77. 

/lcc/o6ac/er acelosum Bergey et al. syn. 
Vlvina acetosa Pribram, Klassifikation 
der Schizomyccten, Leipzig und Wien, 

1933, 75. 

Acetobdclcr ascendens Bergey et al. 
syn. Vlvina asccndcnii Pribram, Klassifi¬ 
kation der Schizomyceten, Leipzig und 
Wien, 1933, 75. 

Acetobacter diversum Humm. (Duke 
I'niv. Marine Lab., North Carolina. 
Bull. 3, 1946, 63.) From sea water, 
Beaufort, North Carolina and marine 
algae, Miami, Florida. Digests agar. 

Acetobacter mobile TOsic and Walker. 
(Jour, of Brewing, 50, 1944, 296.) From 
bottled ale. 

Acetobacter pasteurianum (Hansen) 
Beijerinck syn. Bacillus pasteurianum 
Fliigge, Die Mikroorganismen, 2 Aufl., 
1886, 314; not Bacillus pasteurianus Leh¬ 
mann and Neumann, Bakt. Diag., 4 
Aufl., 2, 1907, 82; Vlvina pasteuriana 
Pribram, Klassifikation der Schizomy- 
ceten, Leipzig und Wien, 1933, 76. 

Acetobacter potens Humm. (Duke 
Univ. Marine Lab., North Carolina, 
Bull. 3, 1946, 63.) From intertidal 
sand, Beaufort, North Carolina. Digests 

agat. 

Acetobacter rancens Beijerinck syn. 
Vlvina rancens Pribram, Klassifikation 
der Schizomyceten, Leipzig und Wien, 

1933, 76. 

Acetobacter singulare Humm. (Duke 
Univ. Marine Lab., North Carolina, 
Bull 3, 1946, 62.) From sea water, 

Beaufort, North Carolina. Digests agar. 

Acetobacter lylinum (Brown) Holland 
syn. Bacillus xylinus Trevisan, I generi 
e le specie delle Batteriacee, 1889, 16; 
Vlvina xylina Pribram, Klassifikation 


ler Schizomyceten, Leipzig und Wien, 

933, 76. 

Achromobacter caseinicum oam. 

;jour. Bact., 16, 1928, 38.) From a 
lolution of sodium caseinate. Polar 
lagellate. Possibly a strain of Pseudo- 
nonas Jluoresccns Migula that ha( os 
:he power of forming pigment. 

Achromobacter nijibetsui Takeda 
(Cent. f. Bakt., II Abt., H, 1036. 48.) 

I'rom diseased salmon eggs. 
to be virulent. .A polar-llage act, 
Gram-negative, yellow chromogen, pro^ 
sumably belonging in the genus 
thomonas. 

Actinobacillus actinomycctemconutan^ 

Topley and Wilson syn. 

nomycetemcomitans Roseburj, 

Rev., 8 . 1944, 205. t. -.rinck. 

Aerobader Uquefaacns <'■1 

(Cent, f, Bakt., II Abt., « 1000, » 

not Aerobader liquefaaeas Gnme 

Hennertv, Sei. Proo. Roy. DuW" ^ 
(X.S.) 20, 1931, 93.) From mud ^0 

water in swamps. Monotrie lou , 

wise like rUrobader cloacae ^ 

have been a speeies of gas 

Pseudomonas. Vitdam- 

Aerobader tartarivori^^ j ^ 

(Thesis, Leiden, mi.) . J ^-ith 
tartrates. Probably « o ylorsh, 
Aerobader aerogenes (\aug • ^ 
Stadtman and Cantino. Jour. 

1946 , 324). et al. 

Alealigenes and 

syn. Bacterium marshalli B 

Hammer, Iowa Sta. 

Sta., Res. Bull. 22, I91o, 2--^ 

Alealigenes viscosum Klaa^i- 

camobaderium riscosum Pn ' j ^nd 
fikation der Schizomyceten, I 

Wien, 1933, 79. (pie Mi' 

Ascococctis buccahs * Leipzig. 

kroorganismen der Mundhohle, 

1889, 65.) From the mou 
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Bacillus annulatus Wright Syn. Bac¬ 
terium annulatus Chester, Ann. Kept. 
Del. Col. Agr. E.\p. Sta., 9, 1897, 
105. 

Bacillus cubonianus Macchiati syn. 
Bacterium cubonianus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
132. 

Bacillus duplicatus Wright. (Wright, 
Mem. Xat. Acad. Sci., 7, 1895, 457; 
Bacterium duplicatus Chester, Ann. 
Kept. Del, Col. Agr. Exp. Sta., .9, 1897, 
90.) From Schuylkill River water. 
Monotrichous. 

Bacillus jluorcscens mutabilis Wright. 
(Wright, Mem. Nat. Acad. Sci., 7, 1895, 
449; Bacterium jluorcscens mutabilis 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 120.) From Schuylkill 
River water. 

Bacillus jluorcscens nivalis Eisenberg 
syn. Bacterium jluorcscens nivalis Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 120. 

Bacillus haijducki Ilenneherg syn. 
Plocamobaclerium hayducki Pribram, 
Klassihkation der Schizomyeeten, Leip¬ 
zig und Wien, 1933, 77.. 

Bacillus injluenzoidcs apis White. 
(Jour. Path, and Hact., 24, 1921, 71.) 
From intestine of bee, Monotrichous. 

Bacillus mesentericus aureus Winkler 
syn. Bacillus winkleri Chester, Man. 
Determ. Bact., 1901, 256. 

Bacillus pabuli acidi II Weiss syn. 
Plocamobacterium pabuli Pribram, Klus- 
siftkation der Schizomyceten, Leipzig 
und Wien. 1933, 78. 

Bacillus vaginae Kruse syn. Bacterium 
vaginae Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 67. 

Bacillus viridi-luteus Trevisan, 
(Orlingelber Bacillus, Eisenberg, Bakt. 
Diag., 1 Aufl,, 1886, 10; Trevisan, I 
gcnori c le specie delle Battcriacec, 1889, 
19.) From water. This probably was 
the same as Bacillus jluorcscens Trevisan, 
ibid., 19 and Pseudomonas jluorescens 
Migula. 


Bacillus wortmannii Henneberg syn. 
Plocamobaclerium wortmanni Pribram, 
Klassifikation der Schizomyceten, Leip¬ 
zig und Wien, 1933, 79. 

Bacterium granulosum Lehmann and 
Neumann syn. Plocamohacterium granu¬ 
losum Pribram, Klassifikation der 
Schizomyceten, Leipzig und Wien, 1933, 

i i « 

Bacterium lipolijticum Huss syn. Kur- 
thia lipolyticum Pribram, Klassifikation 
der Schizomyceten, Leipzig und Wien, 
1933, 75. 

Bacterium orleanense Henneberg syn. 
Vlvina orleanensis Pribram, Klassifika¬ 
tion der Schizomyceten, Leipzig und 
Wien, 1933, 75. 

Bacterium xylinoides Henneberg syn. 
I’lvina xylinoidcs Pribram, Klassifika¬ 
tion der Schizomyceten, Leipzig und 
Wien, 1933, 76. 

Brucella byzantinea (Montsouris) Prib¬ 
ram. (Coccobacterium byzanlineum 
Montsouris, quoted from Pribram, Klas¬ 
sifikation der Schizomyceten, Leipzig 
und Wien, 1933, 67; Pribram, idem.) 

Brucella coedjormis (Jaiscr) Pribram. 

% 

{Bacterium coceijorme Jaiscr, quoted 
from Pribram, Klassifikation der Schizo¬ 
myceten, 1933, 67; Coccobacterium ther- 
mophilum Negro, Compt. rend. Soc. 
Biol., Paris, 75, 1913. 814 and 867; Prib¬ 
ram, idem.) From sputum. 

Chlorobacterium luctis Guillebeau. 
(Landw. Jahrb. d. Schweiz., 4, 1890, 32.) 
From the udder of cows with mastitis. 
Produces a green pigment. Presumably 
identical with Pseudomonas aeruginosa 
Migula. The type species of the genus 
Chlorobacterium Guillebeau. 

Chromobaclerium chocolatum Knutsen. 
(Quoted from Lasseur, Dupaix-Lasseur 
and Melcion, Travaux du Lab. de Micro¬ 
biol., Fac. Pharm. dc Nancy, Fasc. XIII, 
1942-43-44, 1944, 164, 187, 293, and 313.) 
Isolated by M. II. Knutsen, State Coll., 
Pennsylvania. Source not known. 
Dull violet with brown tinge. Disso- 
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ciates into a violet and an orange strain 
{ChromobacterinDi orayigium Knutson, 

/oc. cj'L, 294). 

Chromobaderium iodinum Davis. 
(Davis, Cent. f. Bakt., II Abt 100, 1939, 
273; also see Clemo and Mcllwain, Jour. 
Chem. Soc., Tt. 1,1938,479; Pseudomonas 
iodinum Tobio and Pseudomonas demo 
Tobie, Bull. Assoc, des Diplomas de Mi¬ 
crobiol., l-'ac. Pharm. Nancy, No. 18, 
1939, 16.) From plate inoculated with 
milk. This non-motile organism does 
not have the characters of Chromobac¬ 
terium sensu stricto so that this species 
is retained with Bacterium for the 
present. 

Coccus cumulus 7ninor Black. (Trans. 
111. State Dental Soc., 22, 1886, 192.) 
From the mouth. 

Corynebacterium kemolylicum Mac¬ 
lean, Licbow and Rosenberg. (Jour. 
Inf. Dis., 79, 1946, 69.) From infections 
among American soldiers and natives 
in the South and West Pacific. Similar 
in many ways to Corynebacterium pyo¬ 
genes and C. ovis. 

Corynebacterium pirifonne Honing. 

(Cent. f. Bakt., II Abt., 37, 1913, 383.) 
From tobacco plants in Sumatra. 

Diplococcus aquatilis Vaughan. 
(Amer. Jour. Med. Sci., /04, 1892, 184.) 
From water. 

Diplococcus glycinophilus Cardon and 
Barker. (Jour. Bact., 62, 1946, 629.) 
From marine mud. 

Diplococcus luteus Adametz and Wich- 
mann. (Adametz and Wichmann, Die 
Bakterien der Trink- und Nutzwasser, 
Mitt Oest. Versuchsstat. f. Brauerei u. 
Malzerei, Heft 1. 1888, 49; Planococcus 
luteus Migula, Syst. Bakt., 2, 19(X), 274.) 
From water. 

Escherichia Castellani and Chalmers 
syn. Colibacter Pestana and Andrade, 
Ann. Paulistas de Med. e Cir., 39, 1940, 

462 

Escherichia coli Castellani and Chal¬ 
mers syn. Colibacter commune Pestana 

and Andrade, loc. cih 
Flaoohacterium harrisonii Bergey et al. 


syn. Bacillus harrisonii Buchanan and 
Hammer, Iowa Sta. Coll- Agr. Fxp- 
Sta., Res. Bull. 22, 1915, 257. 

Flavobacierium tabidum Kimata. 

(Cent. f. Bakt., II Abt., 105, 1942, 120.) 

From spoiled semi-dried fish {Trachvrus 
japonicus). Polar flagellate. 

Pusiformis grandis Grass^. (Compt. 
rend. Soc. Biol., Paris, 1926, 1014; 
Arch. Zool. ExpC-r. et G^n., 66 1926, 
463.) From the surface of the body of a 

flagellate {Polymasiix melolon(hae), in 
the intestine of larvae of beetles an 
tipulids, possibly also free in the m- 


estine of the insects. 

Pusiformis Icgcri Grass^. (Cojnp - 
■end. Soc. Biol., Paris, 94, 1926, 10 , 
Vreh. Zool. Exp^r. ct G<5n., 66 1926, 
167.) From the surface of the body o 
lagellatc {Polymastix hgeri) and m tn 

ntestine of diplopods. 

Pusiformis lophomonadis ^ ^ 

(Compt. rend. Soc. Biol., Pans, ^ 
1926, 1015; Arch. Zool. Exp^r. ct Oen. 
35, 1926, 468.) From the surface o tn 
bodv of a flagellate {LophomonassM 
und in the intestine of cockroaches^ 
Pusiformis mdolo7itha€ 

(Compt. rend. Soc. Biol-, Pans. 
1926, 1014; Arch. Zool. Exp^r. e 
65, 1926. 465.) From the surfac 
body of a flagellate of 

hnthae) and in the intestine of larva 

beetles and tipulids. Tnkahashi 

Gluconoacelobactcr cerinua 

andAsai. (Cent. f. Bakt., H Abt-, 

1936, 252.) From fruits. 

Gluconoacetobacter hque^cie 

hashi and Asai, ?oc. ct. 

Gluconoacelobacler rosew 
and Asai. {Bacterium f. 

Bakt., II Abt., 8!, 1930, 

Asai, tbid., 87, . prom 

. Asai, ibid.. 95, 1936, ^•) 

ed persimmons (hoshiga ^ 
jluconobacter jO 1934. 

)ur. Agr. Chem. Soc. Japan, It'. 
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621 and 11 ^ 1935, 50; see Cent. f. Bakt., 
II Abt., 55, 1936, 248.) From fruits. 

Jodococcus maynws Miller. (Deutsche 
mcd. Wchnschr., I 4 , 1888, 612.) From 
the mouth. The type species of the 
genua Jodococcus (syn. lodococcus) 
Miller. 

Jodococcus parvus Miller {ibid., 612). 
From the mouth. 

Lactobacillus bulgaricus Holland syn. 
Bacterium buhjaricum Buchanan and 
Hammer, Iowa Sta. .\gr. Exp. Sta., 
Res. Bull. 22, 1915, 250. 

Lactobacillus buchneri Bergey ct al. 
syn. Ulvina buchneri Pribram, Klassifi- 
kation der Schizomyceten, Leipzig und 
Wien, 1933. 75. 

Lactobacillus delbrueckii Beijerinck 
syn. Ulvina delbruecki Pribram, loc. cit., 
75; Plocamobacterium delbruecki Prib¬ 
ram, ibid., 77. 

Lactobacillus helveticus Holland syn. 
Plocamobacterium casei Pribram, loc. 
cit., 77; Plocamobacterium helveticum 
Pribram, ibid., 78. 

Lactobacillus pastorianus Bergey et al. 
syn. Plocamobacterium pastorianum Prib¬ 
ram, loc. oil., 78. 

Lactobacillus penloacelicus Fred, Pe¬ 
terson and Davenport syn. Plocamo¬ 
bacterium penloaceticum Pribram, loc. 
cit., 78. 

Lactobacillus plantarum Holland syn. 
Ulvina cucumeris fermentati Pribram, 
loc. cit., 76. 

Lactobacillus taelle Olscn-Sopp. (Cent, 
f. Bakt., 11 Abt., 55, 1912, 14.) From 
ropy milk. 

Leptotrichia Trevisan partial syn. 
Leucolhrix Oersted, De regionibus 
marinis, 1844, 44. 

Listeria monocytogenes Pirie syn. Bru¬ 
cella monocytogenes Pribram, Klassifika- 
tion dor Schizomyceten, Leipzig und 
Wien, 1933, 68. 

Mammococcus gorini. (Quoted from 
L. Gorini, Enzymologia, 10 , 1942, 102.) 
From the udder. 

Micrococcus afermentans Castellani. 
(Proc. Soc. Exp. Biol, and Med., SS, 1928, 


536; also see Jour. Trop. Med. and Hyg., 
55, 1932, 372.) From an ulcerative 
lesion of the skin. 

Micrococcus albus var. malligenes Du- 
mais and .\lbert. (Quebec Laitier, 5 
(2), 1946, 19.) From Richelieu cheese. 
Regarded as an important ripening 
agent. 

Micrococcus aqualilis Vaughan. 
(Vaughan, Amer. Jour. Med. Sci., IO 4 , 
1892, 190; not Micrococcus aqualilis 
Chester, Man. Determ. Bact., 1901, 88; 
not Micrococcusaqualilis Bolton, Ztschr. 
f. Hyg., /, 1886, 94.) From water. 

•l/icrococcMS aqualilis albissimus von 
Rigler. (Hyg. Itund., 12, 1902, 482.) 
From bottled mineral waters. 

.1/icrococcus aqualilis albus Vaughan. 
(Vaughan, .Vmer. Jour. Med. Sci., IO 4 , 
1892, 182; not Micrococcus aqualilis albus 
Toporoff, Cent. f. Bakt., 13. 1893, 487.) 
From water. 

Micrococcus aqualilis Vaughan, 

(Amer. Jour. Med. Sci., I 04 , 1892, 182.) 
From water. 

.Micrococcus uquivivus ZoB(d! and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1914, 275.) 
From sea water. 

Micrococcus cyaneus (Schroeter) Cohn 
syn. Bacterium cyaneus White, U. S. 
D.A., Bur. Entomol. Tech. Ser. Bull. 
14, 1906, 16. 

Micrococcus enleroideus Castellani. 
(Proc. Soc. Exp. Biol, and Med., 25, 
1928, 536; also see Jour. Trop. Med. and 
Hyg., 55, 1932, 372.) From feces. 

Micrococcus curyhalis ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 255.) 
From sea water. 

Micrococcus griseus Winter syn. Ba¬ 
cillus griseus Trevisan, I generi e le 
specie delle Batteriacee, 1889, 18. 

Micrococcus himonoi Kimata. (Cent, 
f. Bakt., ir Abt., 105, 1942, 116.) From 
spoiled semi-dried fishes {Scomber ja- 
ponicus and Trachurus japonicus). Re¬ 
sembles Micrococcus caseolyticus and 
M. muco/aciens. 
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Micrococcus injirnus ZoBell and Vp- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5. 1944, 262.) 
From marine bottom deposits. 

Micrococcus laevulosinerlis Castellani. 
(Proc. Soc. Exp. Biol, and Med., 25, 1928, 
536; also see Jour. Trop. Med. and Hyg., 
55, 1932, 372.) From a case of stoma¬ 
titis. 

Micrococcus maripu7iiceus ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 264.) 
Sessile form found on slides submerged in 
sea water. 

Micrococcus metentcricus Castellani. 
(Quoted from Jour. Trop. Med. and 
Hyg., 35, 1932, 372.) From case of 

ulcerative colitis. 

Micrococcus moricolor Holmes and 
Wilson. (Jour. Bact., 4®, 1945, 311.) 
From contaminated wounds. Produces 
a mulberry pigment on potato. 

iV/crococcws imjceticus Castellani. 
(Arch. Dermat. and Syphil., 18, 1928, 
857.) From cases of pseudomycosis. 

Micrococcus nexifer Miller. (Miller, 
Die Mikroorganismen der Mundhohle, 
Leipzig, 1889, 65.) From the mouth. 
Probably Streptococcus brevis according 
to Goadby (Mycology of the Mouth, 
London, 1903, 60). 

J/icrococcws p7itatus Ravenel. (Mom. 
Nat. Acad. Sci., 8, 1896,21.) From soil. 

Micrococcus putneus Castellani. 
(Quoted from Jour. Trop. Med. and 
Hyg., 36, 1932, 372.) From a case of 

glossitis. 

Micrococcus rhodochrous Migula syn. 
Bacillus rhodochrous Dyar, Ann. N. \. 
Acad. Sci., 8.1895, 362; Bacteri,^ rhodo¬ 
chrous Chester, Ann. Kept. Del. Col 
Agr. Exp. Sta., 9,1897, 116.) Dyar had 

the original Micrococcus rhodochrous 
culture from KrM and felt as have others 
who have examined this culture that it 
is not a true Micrococcus. 

Micrococcus sedeniariws ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 260.) 


Sessile form found on slides submerged 
in sea water. 

Micrococcus sedimenteus ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 265.) 
Sessile form found on slides submerged 
in sea water and in marine mud. 

J/i'crococc«s visicidus Castellani. 

(Proc. Soc. Exp. Biol, and Med., 25, 
1928 536; also see Jour. Trop. Med. and 
Hyg., 35, 1932, 372.) From an in¬ 
flamed upper lip. 

Microspira vacillans Gicklhor • 

(Cent. f. Bakt., II Abt., 60, 1920, 422.) 
From the pool in the Botanical Garden, 
Univ. Graz, Austria. Contains grams 

of sulfur. . . 

Neisseria babesi Trevisan. (Bact^ie 

de I’htooglobinuric du boeuf. Bates 

1888; Trevisan, I generi e le specie d 

Batteriacee, 1889 , 32.) 

Neisseria lutea Trev- 

(Diplococcus luteus Adametz, 18»G 
isan, I generi e Ic specie delle Battcria , 

1889, 32.) . 

Neisseria micheh Trevisan.^ ( 
chomcoccus, Michel, 1886; Trev.aan I 
generi e le specie delle Batteriacee, 

''^Neisseria v^aryngis syn, 

,haryr.gis Cruikshank and Cru.Jan 
Med. Res. Council Syst. of Bact., 

193l> 349- . 

Pacinia decipiens Trevisan. ( 

inmaus der Luft, Babes, Ztschr. f.Hyg^ 
5,1888,183; Trevisan I generi 

delle Batteriacee, 1889, 

Pacinia rabida Trevisan. 
bei Rabies, Babes, Ztschr. ■ 

1888, 181; Trevisan, I generi e le sp 

delle Batteriacee, 1889, 23.) 

Peclobactcrium .. Waldee, 

(.Ark, Phytopath ««, 1938, 281.^ 

Iowa State Coll. Jour. Sci., 19, 

Causes larkspur bacterial 

Phylomonas asplcnu Ar ) 

kins. (Phytopath ‘ 

Causes leaf blight of gardsnio‘ 

Phylomonas maculifcl»‘'” 
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Ark. (Phytopath., SO, 1946, 867.) From 
gardenia (Gardenia jasminoides). A 
xanthomonad. 

Pliytoni07ias syringae popidans Smitli. 
(Jour. Agr. lies., 68, 1944, 269.) Con¬ 
sidered the cause of blister spot, a disease 
of apple. 

Phytomonas waskingtoniae Pino. 
(Phytopath., 55, 1943, 1203.) From 
the Washington palm, Washingionia 
filifera. A psoudomonad. 

Pneumococcus Jlavesccns Arloing. 
(Compt. rend. Acad. Sci., 109, 1889, 
428 and 459.) From lesions of cattle 
having peripneumonia. 

Pneumococcus guUa cerei Arloing, loc. 
cU. From lesions of cattle having 
peripneumonia. 

Pneumococcus lichnoides Arloing, loc. 
cil. From lesions of cattle having 
peripneumonia. 

Pseudomonas aeslumarina ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 269.) A 
marine sedentary organism. 

Pseudomonas allii (Griffiths) Migula 
syn. Bacillus allii Sternberg, Man. of 
Bact., 1893, 629. 

Pseudomonas ambigua (Wright) Ches¬ 
ter syn. Bacterium ambiguus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 71. 

Pseudomonas atlantica llumm. (Duke 
Univ. Marine Lab., North Carolina, 
Bull. 3,1946, 58.) From seaweed (Graci- 
laria blodgettii) and beach sand. Digests 
agar. 

Pseudomonas aurea Migula syn. Bac¬ 
terium fluorescens aureus Chester, Ann. 
ilept. Del. Col. Agr. Exp. Sta., 9, 1897, 
109. 

Pseudomonas azotogena ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944 , 260.) 
From sea water and marine mud. 

Pseudomonas beaujortensis Humm {loc. 
oil., 68). From seawater, bottom mud 
and on algae. Digests agar. 

PseudomoTUis berolinensis Migula. 
(Indigoblauer Bacillus, Claessen, Cent. 


f. Bakt., 7, 1890, 13; Bacillus berolinensis 
indicus Germano, Cent. f. Bakt., 12, 
1892, 517; Bacillus indigoferus Zimmer* 
mann, Bakt. unserer Trink- u. Xutz- 
wasscr, Chemnitz, 2, 1894, 16, not indi¬ 
cated as being the same as Bacillus indi¬ 
goferus Voges, Cent. f. Bakt., 14, 1893, 
307; Bacillus indigonaceus Schneider, 
.Arb. bakt. Inst. Karlsruhe, 1, Heft 2, 
1894, 228; Migula, in Engler and Prantl, 
Die naturl. PHanzenfam., 1, la, 1895, 
29; Bacterium indigonaceum Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 2, 
1896, 267; Bacterium berolinensis indicus 
Chester, .Ann. Ilept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 118.) From Spree River 
water. 

Pseudotnonas butyri Migula syn. Bac¬ 
terium butyri fluorescens Chester, Ann. 
Rept. Del. Col. .Agr. Exp. Sta., 9, 1897, 
120 . 

Pseudomonas centrifugans (Wright) 
Chester. {Bacillus centrifugans Wright, 
Mem. Nat. .Acad. Sci., 7, 1895, 462; Bac¬ 
terium centrifugans Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 95; 
Chester, Man. Determ. Bact., 1901,312.) 
From water. 

Pseudomonas coadunata Chester syn. 
Bacterium coadunalus Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
90. 

Pseudomonas coenobios ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 272.) 
From film of marine fouling organisms. 

Pseudomonas cohaerea (Wright) Ches¬ 
ter, not Bacillus cohaerens Gottheil, 
Cent. f. Bakt., II Abt., 7, 1901, 458; 
Bacterium cohaereus (sic) Chester, Ann. 
Ilept. Del. Col. Agr. Exp. Sta., 9, 1897, 
93. 

Pseudomonas coli communis Conn, 
Esten and Stocking. (Storrs Agri. Exp. 
Sta., Conn., 18th Ann. Ilept. for 1906, 
186.) From cheddar cheese. Like 
Bacillus coli communis except that it has 
a single, long flagellum. 

Pseudomonas convexa Chester syn. 
Bacterium fluorescens convexus Chester, 
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Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 
1897, 123. 

Pseudomonas corallina Humm {loc. 
cii., 59). From marine algae of all 
common species at Beaufort, Nor. Car. 
Digests agar. 

Pseudomonas delabens (W right) Ches¬ 
ter sjm. Bacterium delabens Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897,97. 

Pseudo7nonas eisenbergii Migula syn. 
Bacterium Jlvorescens non-liquefaciens 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 124. 

Pseudomonas elongata Humm {loc. cit., 
60). From intertidal sand, Atlantic 
Beach, Nor. Car. Digests agar. 

Pseudomonas eiialia ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 254.) 
From sea water and marine mud. 

Pseudomonas fairmouniensis (Wright) 
Chester syn. Bacterium fairmouniensis 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 5, 1897, 90. 

Pseudomonas felthami ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 267.) 
From marine mud. 

Pseudomonas fimbriata (Wright) 
Chester syn. Bacterium fimbrialus 
Chester, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 95. 

Pseudomonas floridana Humm {loc. 
cit., 60). From algae and beach sand 
at Miami, Fla., and Beaufort, Nor. Car. 
Digests agar. 

Pseudomonas fluorescens Migula syn. 
Bacterium fluorescens liquefaciens Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta.,5, 1897, 120. 

Pseudomonas foliacea Chester syn. 
Bacterium fluorescens foliaceus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 

1897, 122. 

Pseudoinonas geniculalus (Wright) 
Chester. Bacillus geniculatus Wright; 
not Bacillus geniculatus DeBary, Inaug. 
Diss., Strassburg, Leipzig, 1885; not 
Bacillus geniculatus Trevisan, I generi e 


le specie dclle Batteriacee, 1889,16; sim. 
Bacteriujn geniculatus Chester, Ann, 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 

95. 

Pseudomonas humicola Bersteyn. 
(Arb. bakt. Inst. Karlsruhe, S, 1903,97.) 
From soil. 

Pseudomonas hypothermis ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944 , 276.) 
P'rom marine bottom deposits. 

Pseudomonas incognita Chester syn. 
Bacterium fluorescens incognitus Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., 9, 


,897, 122. 

Pseudomonas indoloxidans Gray. 
:rroc. Roy. Soc. London, B, WS, 1928, 
J63.) From soil from Italian TyroJ- 
Pseudomonas indigoferus (Voges) * 
;ula. {Bacillus indigoferus \ oges,Cen . 
Bakt., 14, 1893, 307; Bacterium indiQO- 

^erus Chester, Ann. Rept. Del. Col. gj- 
Exp. Sta., 9, 1897, 118; Migula, Syst. (L 
Bakt., 2, 1900, 950.) From luel taP 
tvater (Voges); from Delft ditch wa e , 
mud and garden soil (Elazari-'^®^"*' 
Arch. f.Mikrobiol., 10,1939,357). 

authors regard Voges’ 
identical with Claessen’s indigo biu 
bacillus, see Pseudomonas berohn^ri^^- 
Pseudomonas indigoferus 
hilis Elazari-Volcani. (Arch-^ 

biol., 10, 1939 , 350.) From “ 

See Lehmann and Neumann t ^ 

Ding.,1.4ufl.,f.l896,267)whoa^oha 

a non-n.otile strmn ^ ‘"ton- 

nocfum) from Kr51 ^hic 

. . • • ,_niAessen 8 g 


Uic bacillus. . 

Pseudomonas inertia Humm ( ’ 

1) From intertidal sand, 

;each, Nor. Car. Digests 
Pseudomonas iris Migula ®- 

IS ^Morescens crassus Kruse, 1 ^ 

)ie Mikroorganismen, 3 ^bes- 

94; Bacterium fluorescens eras 

.r. Ann, Rept. Del. col. Agr 

1897, 134; Bacterium »n* 

iem. 137.) From 
Pacudomonas jaegert Migul» syn 
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terium 'proieu$ fiuoreicem Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., S, 1897, 
119; and Bacillus urinae Chester, Man. 
Determ. Bact., 1901, 263. 

Pseudomonas javanica (Eijkmann) Mi- 
gula syn. Bacterium javayiiensis Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
5, 1897, 111. 

Pseudoinonas liquida Chester. (Ba- 
cillus liquidus Frankland and Frankland, 
Ztschr. f. Hyg., 6, 1889, 382; Chester, 
Man. Determ. Bact., 1901,311; AcAromo- 
bacier liquidum Bergey et al., Manual, 
lat ed., 1923,146.) From water. Orig¬ 
inally described merely as motile; Ches¬ 
ter recognizes the species as polar 
flagellate and lists Bacillus liquefaciens 
communis Sternberg and Bacillus aqua- 
tilis communis Kruse as synonyms. 

Pseudomonas longa Migula syn. Bac¬ 
terium jluorescens longus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
124. 

Pseudomonas inacroselmis Migula syn. 
Bacillus Jluorescens pulidus Cliester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 124. 

Pseudomonas marinopersica ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 275.) 
From marine bottom deposits. 

Pseudomonas melochlora (Winkler and 
Schrottcr) Migula syn. Bacterium melo- 
chlorus Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 120; sec abst. in 
Cent. f. Bakt., 9, 1891, 700. 

Pseudomonas membranula ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 270.) 
Sessile form found on slide submerged 
in sea. 

Pseudomonas minutissima Migula syn. 
Bacterium Jluorescens minutissimus Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. Sta., 
9, 1897, 120. 

Pseudomonas monadiformis (Kruse) 
Chester syn. Bacterium monadiformis 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 69; Bacterium coli mobilis 
Chester, ibid., 69. 


Pseudomonas muUistriata (Wright) 
Chester syn. Bacterium multistriatus 
Chester, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 9, 1897, 90. 

Pseudomonas nebulosa (Wright) Ches¬ 
ter syn. Bacterium nebulosus Chester, 
.\nn. Kept. Del. Col. .\gr. Exp. Sta., 9, 
1897, 93. 

Pseudomonas neritica ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 255.) 
From sea water and marine mud. 

Pseudomonas iiexibilis (Wright) Ches¬ 
ter syn. Bacterium nexibilis Chester, 
.\nu. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 74. 

Pseudomonas obscura ZoBell and Up- 
hain. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 274.) 
From marine bottom deposits. 

Pseudomonas oceanica ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 266.) 
From marine mud. 

Pseudomonas ochracea (Ziminormann) 
Chester syn. Bacterium ochraceus Ches¬ 
ter, .\nn. Kept. Del, Col. Agr. Exp. Sta., 
9, 1897, 104. 

Pseudomonas ovalis Chester syn. Bac¬ 
terium Jluorescens ovalis Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
123. 

Pseudomonas pallescens Migula syn. 
Bacterium viridis pallescens Chester, 
.\nn. Kept. Del. Col. Agr. Exp. Sta., .9, 
1897, 124. 

Pseudomonas perjectomarinus ZoBell 
and Upham. (Bull. Scripps Inst, of 
Oceanography, Univ. Calif., 5,1944,277.) 
From sea water and marine mud. 

Pseudomonas periphyta ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 276.) 
Sessile form found in film of marine 
fouling organisms. 

Pseudomonas phosphorescens (Fisher) 
Bergey et al. syn. Pasteurella phos¬ 
phorescens Trevisan, I generi e le specie 
delle Batieriacee, 1889, 21; Bacillus pkos- 
phorescens indicus Eisenberg, Bakt. 
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Diag., 3 Aufl., 1891, 123; Vibrio indicus 
Lehmann and Neumann, Bakt. Diag., 

1 Aufl., 2, 1S96, 341; Bacterium phos- 
phorescens indicus Clioster, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 120; 
Phvtubaclcr indicum Beijerinck, Proc. 
Sect. Sci., Kon. Akad. v. Wetensch., 
Amsterdam, 5, 1900, 352; Microspira 
phosphorescens C'hestor, Man. Determ. 
Bact., 1901, 333; Bacillus indicus Bei- 
jerinck, Folia Mikrohiologica, Delft, I, 
1912, 1. Beijerinck {^oc. cit., 1900) dis¬ 
cusses two variants of this species: 
Photobacler indician var. obscurum and 
Photobacter indicum var. paryj/m. 
Later, Beijerinck {loc. cfL,1912),in dis¬ 
cussing mutants of this species, proposes 
the species names Bacillus indicus par¬ 
vus, Bacillus indicus semiobscurus and 
Bacillus indicus obscurus. 

Pseudomonas piscora Hanzawa and 
Takcda. (Jozogaku Zasshi, Osaka, Ja¬ 
pan (Jour, of Zymology), 9, 1931, 571; 
quoted from Takeda, Cent. f. Bakt., II 
Abt., 94, 1936, 46.) From diseased sal¬ 
mon eggs. 

Pseudomonas pleomorpha ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 275.) 
From marine bottom deposits. 

Pse udomonas pullulans (W right) 
Chester syn. Bacleriurn pullulans Ches¬ 
ter, Ann. Kept. Del. Col. Agr. Exp. 
Sta., 5, 1897, 105. 

Pseudomonas puris Patrick and Werk- 
man. (Proc. Iowa Acad. Sci., S7, 1930, 
57.) From a typhoid-like infection of 

snakes. 

Pseudomonas ribicola Bohn. (Jour. 
Agr. Res., 75, 1946, 288.) From the na¬ 
tive currant, Ribes aureum. 

Pseudomonas ribojlavinus Foster. 
(Jour. Bact.. 47, 1944, 30.) Oxidizes 
riboflavin to lumichrome. From ribo¬ 
flavin-rich soil. 

Pseudomonas roseola Humm {loc. cit., 
62). From intertidal sand, Atlantic 
Beach, Nor. Car. Digests agar. 

Ps€udomo 7 ias rugosa (Wright) Chester 
syn. Bacterium rugosus Chester. Ann. 


Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 

122 . 

Pseudomonas schuylkilliensis Chester 
syn. Bacterium Jluorescens schuyllH- 
liensis Chester, Ann. Kept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 119. 

Pseudomonas scissa (Frankland am 
Frankland) Migula syn. Bacterium scis- 
sus Chester, Ann. Kept. Del. Col. Agr. 

Exp. Sta., 9, 1897, 143. 

Pseudomonas sessilis ZoBell and Ip- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, LT^niv. Calif., 5, 1944, 25 . 
Sessile form found on solid surfaces su) 


?rgcd in the sea. 

Pseudomonassinuosa (Wright) Chester 
n. Bacterium sinuosus Chester, nn. 
^pt. Del. Col. Agr. E.xp. Sta., 9, 189-, 

Pseudomonas smaragdina Migula sjn. 
jcterium smaragdino foetidus 

m. Kept. Del. Col. Agr. Exp. Sta.. , 
97, 119; and Bacillus smaragdin» 
lester, Man. Dcterm. Bact., 190j, 

Pseudomonas slerotropis 

pham. (Bull. Scripps Inst, of Ocea - 

iraphy, Univ. Calif., 5, 194 , 

'om a film of marine fouling organis 
Pseudomonas striata Chester s 
jcterium striatus viridis Chester, - ■ 

ept. Del. Col. Agr. Exp. Sta., ^ ' 

3 

Pseudomonas syncyanea 
aderium syncyanus ^ 

!6 and Baderium cyanogenum , 

paltpilze. 2 Aufl.. 1884, 50; ma> be 


udomonas synxaniha 

nd. (Vibrio 

Verhandl. d. Berl. a. 

» xanthogenes Fuchs, 

rierheilk.. I. 1841. 

inum Schroeter, in "’ 2 120; 

,1. d. Pflanzen. 1 Heft 2 872, 

Eus synxanthus Flugg^ eiavobac- 

ismen, 2 Aufl., 1886, 

n synxanthum Bergej e ’ j 

Ut ed., 1923, 102; 

5, 1920, 220.1 Bergey 
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(Manual, 1st ed., 1923, 102) give Bac¬ 
terium xanthogcnes as a synonym. From 
milk and cream. Polar flagellate (Ham¬ 
mer, personal communication). See 
Hammer, Res. Bui. 20, Iowa Agr. Exp. 
Sta., 1915, for a description of this orga¬ 
nism. 

Pseudomonas tenuis Migula syn. Bac¬ 
terium jluorescens tenuis Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
124. 

Pseudomonas lurcosa Migula syn. 
TUrkisfarbener Bacillus, Tataroff, Inaug. 
Diss., Dorpat, 1891, 52. 

Pseudomonas vadosa ZoBell and Up- 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 263.) 
From sea water and marine bottom 
deposits. 

Pseudomonas vendrelli Tobie. (Pseu- 
domojias vendralli (stc), mentioned by 
Farrell and Wolff, Jour. Irid. and Eng. 
Chem., 53, 1941, 1186; U. S. Patent 
2,227,716, Mar. 1942, issued to Lockwood 
et al.; Bacillus vendrelli Lasseur, Du- 
paix-Lasseur and Mcleion, Travaux Lab. 
Microbiol. Fac. Pharm. Nancy, Fasc. 
13, 1942-43-44, 1944, 293.) Isolated by 
W. C. Tobie in 1938 from well near 
Ponce, Puerto Rico owned by Mr. Ven- 
drell (Tobie, Jour. Bact., 52, 1946, 685). 
Presumably Pseudomonas aeruginosa. 

Pseudomonas virescens (Frick) Migula 
syn. Bacterium virescens Chester, Ann. 
Rept. Del. Col. Agr. E.xp. Sta., 9, 1897, 
124. 

Pseudomonas viscosa (Frankland and 
Frankland) Migula syn. Bacterium vis- 
cosus Cheater, Ann, Rept. Del. Col. 
Agr. Exp. Sta., 9, 1897, 145; not Bac¬ 
terium viscosum Weldin and Levine, 
Abst. Bact., 7, 1923, 16. 

Pseudomonas xanthochrus ZoBell and 
Upham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 279.) 
From marine bottom deposits. 

Ramibacterium alactolyticum Prdvot 
and Taffanel. (Ann. Inst. Past., 68, 
1942, 269.) From an oateophlegmon of 
the maxillary bone. 


Salmonella atheriou Ferris, Hertzberg 
and .\tkinson. (Med. Jour. .-Vustralia, 
32, 1945. 36S.) From 29 cases of gastro¬ 
enteritis in an army hospital. 

Salmonella tjfphosa (Zopf) White syn. 
Bacillus lyphicus Cabral and Da Rocha, 

1. Trabalhos do Cabinelte de Micro- 
biologia; abst. in .\nn. de Micrographie, 

2, 18S9-1S90, 295. 

Sarcina pelagia ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 6, 1944, 279.) From sea 
water and marine bottom deposits. 

Serralia fuchsina Bcrgey et al. syn. 
Proteus fuchsinus Pribram, Klassifika- 
tion der Schizomycelen, Leipzig und 
Wien, 1933, 73. 

Serratia indjca (Eisenberg) Bergey et 
al. syn Bacillus indicus ruber Fltigge, 
Die Mikroorganismen, 2 Aufl., 1886, 
285; Bacterium indicum Crookshank, 
Manual, 1887, 240. 

Spirillum parvum Esmarch. (Cent, 
f. Bakt., I Abt., Orig.,-5^, 1902, 565; 
also see Zettnow, ibid., 78, 1916, 1.) 
From decaying organic matter. 

Spirillum spuligenum F'liigge. (Lewis, 
Lancet, Sept. 20, 1884; Fltigge, Die Mi¬ 
kroorganismen, 2 Aufl., 1886, 387; Pa- 
cinia lewisi Trevisan, I generi c le specie 
dellc Battcriacee, 1889, 24.) From 

sputum. 

Staphylococcus activus Prdvot and 
Taflanel. (Ann. Inst. Past., 71, 1945, 
102.) From puerperal septicemia. An¬ 
aerobic. 

Staphylococcus citreus duodenalis Gess- 
ner. (Arch. f. Hyg., 9, 1889, 136.) 
From the human duodenum. 

Staphylococcus magnus Black. (Trans. 
Ill. State Dental Soc,, 22, 1886, 188.) 
From the mouth. 

Staphylococcus medius Black. (Trans. 
Ill. State Dental Soc., 22, 1886, 190.) 
From the mouth. 

Staphylococcus pyogenes bovis Lucet. 
(Ann. Inst. Past., 7, 1893, 327.) From 
bovine abscesses. 

Staphylococcus ciscosus Goadby. 
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(Mycology of the mouth, London, 1903, 
172.) From the mouth. 

Streptobacteriiim dextranicum Perquin. 

(Jour. Microbiol, and Scrol., 6, 1940, 
226.) Produces slime from sucrose solu¬ 
tions. 

Streptococcus aquatilis ^ aughan. 
(Amer. Jour. Med. Sci., 104, 1S02, 1S4.) 
From water. 

Streptococcus liqutfaciens Frankland 
and Frankland. (Phil. Trans. Roy. 
Soc. London, 178, B, 1888, 264.) From 
air. After the section covering Strep¬ 
tococcus liquefaciens Sternberg emend. 
Orla-Jensen was in page proof, it was 
discovered that Frankland and Frank¬ 
land had discovered and named a 
liquefying streptococcus earlier than 
Sternberg. The Franklands described 
this species as producing a yellow 
pigment. 

Streptococcus pyogenes duodenalis 
Gessner. (Arch. f. Hyg., 0, 1889, 132.1 
From the human duodenum. 

Streptococcus taette (Olsen-Sopp) Bu¬ 
chanan and Hammer. {Bacterium laclis 
longi Troili-Petersson, Ztschr. f. Hyg-i 
1899 , 361 and Milchzeitung, 28, 1899, 
438; Streptohacillus taette Olsen-Sopp, 
Cent. f. Bakt., II Abt., 33, 1912, 9; 
Buchanan and Hammer, Iowa Sta. Coll. 
Agr. Exp. Sta., Res. Bull. 22, 1915, 277.) 
Probably the characteristic organism of 
Swedish ropy milk. Olsen-Sopp {loc. 
cit.) misquotes Troili-Petersson’s name 
as Bacillus acidi lactis longus (see 
Troili-Petersson, Cent. f. Bakt., II Abt., 
38, 1913, 1). 

Thiospira agilissima (Gicklhorn) Ba- 
vendamm. {Spirillum agilissimum Gickl¬ 
horn, Cent, f. Bakt., II Abt., SO, 1920, 
418; Bavendaram, Die farblosen und 
roten Schwefelbakterien, PBanzenfor- 

schung, Heft 2, 1924, 116.) From the 
pond in the Annen Castle Park, Graz, 
Austria. Contains grains of sulfur. 

Thiospira elongata Perfiljev. (Ber. d. 
Sapropel Komm. Petrograd. 1923, 56.) 
From mud containing HjS. 

Thiospira propera Hama. (Jour. Sci. 


Hiroshima Univ., Ser. B, Bot., 1, 1933, 
157; abst. in Cent. f. Bakt., II Abt., 91, 
1934, 200.) 

Thiospira sulfurica Issatcheuko. 
(Biological observations on the sulfur 
bacteria (Russian), about 1927, 16 pp-) 
Vibrio adapiatus ZoBell and Upham. 
(Bull. Seripps Inst, of Oceanography, 
I'niv. Calif., 6, 1944, 258.) From sea 
water and marine sediments. 

Vibrio agarlyticiis Cataldi. (Rev. 
Inst. Bact. (D.N.H.), Buenos Aires 9, 
1940, 375.) From activated sludge. 


igestsagar. 

Vibrio albensis Lehmann and iNeu 
ann syn. Vibrio dunbari Holland. 
>ur. Bact., J, 1920, 226; probably 

iWio phosphorescens Jermoljewa, en • 

Bakt,IAbt.,Orig.,/00,1926,170;not 

ibrio phosphorescens Holland, loc. ■ 
Vibrio algosns ZoBell and Uphani. 
Bull. Seripps Inst, of Oceanography 
niv. Calif., 5, 1941, 257.) .Associated 

ith marine kelp. m.h.. 

Vibrio amphibolm Trevisan. (Baby. 

tschr. f. Hyg.. 5. 1888, 18^ ,,™Iacee' 

generi e le specie delle Batter.acee, 

B89, 23.) Anaerobe. 

Vibrio avidus Humm. (17““® 3 

larine I.ab., North Carobna, Bui 
946 54.) From intertidal sand, 

!rt,' North Carolina. Digests aga. 

Vibrio choleroides a and ? Buj« ^ 
iacterium choleroides as ’ 

lept. Del. Col. Agr. Exp. Sta., », 

Vibrio cosiicolus Smith and 
oslicolMS ynr. liquefaciens Smith . ^ 

ioe. Queensland. Proo. for 

!9 and 32.) From "'’^(“jtories. 

ind tank bnnes .pnt brines 

ketive growth in 4 to 15 per 

Vibrio euprima, 

■.obacitlus tolega and ' gg, 1931. 

tisjima. Sci i 49 , 1915 

H-67* see Warren, Jour. Ba •. 

Vibrio fortis HuiM .prides) 
From seaweed {Oraalar^^ 

Digests agar. 
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Vibrio frequens Humm {loc. cil., 56). 
From marine algae {Cladophoropsis, 
Laurencia poitei, etc.) Digests agar. 

Vibrio halonitrificans Smith. (Roy. 
Soc. Queensland, Proc. for 1937, 49, 1938, 
29.) From tank brines in bacon fac¬ 
tories. Active growth in 4 to 10 per 
cent brines. 

V’i6rio haloplanklis ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 5, 1944, 261.) Sessile form 
found associated with marine phyto¬ 
plankton. 

V‘t6n‘o hyphalus ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 6, 1944, 277.) From marine 
bottom deposits. 

Vibrio marinagilis ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 6, 1944, 264.) From sea 
water and marine mud. 

Vibrio marinojlavus ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 258.) 
From sea water. 

Vibrio marinofulvus ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 262.) 
From sea water. 

Vibrio marinopraesens ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944, 256.) 
From sea water. 

Vibrio marinovulgaris ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 5, 1944 , 261.) 
From sea water. 

Vibrio noltto Humm (loc. cil., 56). 
From intertidal sand, Atlantic Beach, 
North Carolina. Digests agar. 

Vibrio perimaslrix Alarie. (Alarie, 
Thesis, MacDonald Coll. McGill Univ., 
1945; see Perlin and Michaclis, Sci., lOS, 
1946, 673.) Will decompose cellulose 
only in presence of COj. 

Vibrio phytoplanktia ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Ocean¬ 
ography, Univ. Calif., 6, 1944, 261.) 


From sea water and marine phyto¬ 
plankton. 

Vibrio pieris Paillot. (Compt. rend. 
Soc. Biol., Paris, 94, 1926, 68.) From 
caterpillars of the cabbage butterfly 
(Pieris brassicae) which had been para¬ 
sitized by larvae of Apanteles glomeralus. 

Vibrio ponticus ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., 5, 1944, 259.) From sea 
water. 

Vibrio rumpel Lode. (Cent. f. Bakt., 
I Abt., Orig., 35, 1903, 526; see Ballner, 
Cent. f. Bakt., II Abt., 19, 1907, 572.) 
From water. Phosphorescent. 

Vibrio slanieri Humm (loc. cil., 57). 
From seaweed (Acanthophora spicifera), 
Miami, Fla. Digests agar. 

Vibrio lurbidus Humm (loc. cil., 57). 
From seaweed (Gracilaria confervoides). 
Digests agar. 

Vibrio viridatis Miller. (Quoted from 
Miller, Microorganisms of Human 
Mouth, Phila., 1890, 85; see Miller, Die 
Mikroorganismen der Mundhohle, Leip¬ 
zig, 1889.) From the mouth. 

Xanlhomonas Iranslucens var. phlei- 
pralensia Wallin and Reddy. (Phyto¬ 
pathology, 35, 1945, 939.) The cause of 
a bacterial streak disease on timothy 
grass (Phleum pratense). 

Xanlhomonas vignicola Burkholder. 
(Phytopath., 34, 1944, 431.) From cow- 
pea, Vigna sinensis. 

Yersinia van Loghem (Ann. Past. 
Inst., 73, 1946,975), a genus proposed to 
include Pasleurella peslis and P. pseudo- 
tuberculosis. 

Fin neuer fur Thiere path. Mikroorg. 
aus dem Sputum eines Pneumoniekran- 
ken, Bunzel and Federn, Arch. f. Hyg., 
19, 1893; 326; Bacillus dubius pneumoniae 
Kruse, in Fltigge, Die Mikroorganismen, 
3 Aufl., 3, 1896, 419; Bacterium 8u6' 
pneumonicum Migula, Syst. d. Bakt., 3, 
1900, 376; Bacterium dubium Chester, 
Man. Determ. Bact., 1901, 142. From 
the sputum of a pneumonia patient. 
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FAMILY XIII. BACILLACEAE FISCHER.* 

(Jahrb. f. wiss. Bot., 27, IS95, 139.) 

Rod-sliapod cells, capable of producing spores, either with ^ 

non-motile; monotrichous flagellation has been reported but is doubtful. Enc po 
are cylindrical, ellipsoidal or spherical, and are located in the center o i - 
sub-terminally or terminally. Sporangia do not differ from the vegetative excePt 
when bulged by spores larger than the cell diameter. Such sporangia “f® P 
shaped when spores are central, or wedge- or drumstick-shaped when 
terminal. Usually Gram-positive. Pigment formation is rare. 
philicoranaerobic. Gelatin is frequently liquefied. Sugars are genera y 
sometimes with the formation of visible gas. Some species are thermophil . ^ 

will grow readily at 55"C. Mostly saprophytes, commonly found m soil, 
animal, especially insect, parasites or pathogens. 

Key to the genera of family Badllaceae. 

T. Aerobic; catalase positive. 

Genus I. Bacillus, p. <0o. 

II Anaerobic or microaerophilic; catalase not known to be produced. 

Genus II. Clostridium, p. 753. 


INTRODUCTION TO THE GENUS BACILLUS. 

In the fifth edition of the Manual, the late F D. Chester 
offer a rational system of classification for the described f"™® , .-Agyiew of the 
because of the incompleteness of the data”. He prepared a sp 
literature but naturally could not supply the data that i,„perlectly 

further that “The majority of the so-called species in genus have bee 

presented, . . . the net result being that there are eompara ‘ J jg^g,„pn,ent of a 
definitely described species among the many herein recorded. n 

bcLr knowledge will be a work of the future”. He then 
that should be done. A reading of his statement is recommended to anjon 

plating naming a new species. Francis E. Clark and 

During the past few years, the writer with ‘''® “JL lines indicated by 

Ruth E. Gordon has made a study of the genus Rociffns al g laboratories, 

Chester. Representative cultures have been “^‘ained ron p^j^ate 

institutions, and private collections. Special ^ It contained about 

collection of Prof. J. R. Porter, now at the Iowa State ^ ^ ^,, 1 ^ ^tudy, it aP' 

200 named species and was invaluable for the work. As ” cters as mucoid, 

pears that many species have been rmentation of a specifi'- 

folded, adherent or rhizoid growth, pigment production, the f hysiologP’"'' 

carbohydrate, etc. Others have been grouped because of ^ etc. Ches- 

activity such as the decomposition of calcium n-butyrate xy - ^^„e. 

ter rightly considered that these physiological groups had arrangement on 

Species have been characterized upon a broad basis in th p gpecies. Since 

the assumption that one species should not "^een used to establish a 

certain characters are more stable than others, these ha __ 

• Revised by Mr. Nathan R. Smith, U. S. Bureau of 

ville, Maryland {Bacillus), August, 1 ^ 43 , and Prof. May, 

West Virginia University, Morgantown, West Virginia {Clo 
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species pattern. This has reduced the number of species of the mesophilic members 
of the genus from many poorly defined organisms to a few well characterized and 
delimited species. Intermediates occur between related species and have been 
treated as such. The rejjort on which this arrangement is based has recently been 
published by Smith, Gordon and Clark (U. S. Dept. Agr. Misc. Pub. No. 559, 1916 

112 pp.). 

Some workers may think that the cut in the number of species has been too drastic 
and that certain organisms listed as varieties, morphotypes, or biotypes should be 
retained as species. This would not be consistent with tlie newer knowledge of 
bacteriology that has been developed during the past two decades. No doubt other 
species occur in nature that are not included herein. But before jumping to the 
conclusion that a culture is a new species, closely related organisms as well as the 
isolate should be studied along the lines given by Chester in the fifth edition of the 
Manual. 

The production of indole and the formation of HjS have been omitted from the 
descriptions because these characters have no taxonomic value. Certain other prop¬ 
erties, such as colony form, character of the growth on slants, in litmus milk, etc., 
have a very limited value. They arc included for the sake of completeness. 

Genus 1. Bacillus CoAn.* 

(Beitrage z. Biol. d. Pflanzen, 1, Heft 2, 1872, 146 and 175.) From Latin 6ac- 
illum, a small stick. 

Synonyms: ? Bactrella Morren, Bull. d. Sci. natur ct de Geol., No. 27, 1830, 203; 
? Metallacter Perty, Zur Kenntniss kleinstcr Lebensformen, 1852, 180; ? Bacteridium 
Davaine, Diet. Encyclop. d. Sci. Mdd., Ser. I, 8, 1868, 21; PoUendera Trevisan, 1884 
(see DeToni and Trevisan, in Saccardo, Sylloge Fungorum, 8, 1889, 943); Zopfiella 
Trevisan, Atti della Accademia Fisio-Medico-Statistica in Milano, Ser. 4, 3, 1885, 93; 
Cornilia Trevisan, I generi e le specie delle Batteriacce, 1889,21; Urohacillus Miquel, 
Ann Microg., 1, 1889, 517; Bacterium Migula, Arb. bakt. Inst. Karlsruhe, /, 1894, 
237 (not Bacterium Ehrenberg, Symbolae Physicae seu leones ct Descriptiones Ani- 
malium, etc., Berlin, 1828, 8); Bactrinum, Bactridium, Bactrillum, Closlrilliutn, 
Clostrinium and Paracloster Fischer, Jahre.sb. f. wissensch. Bot., 27, 1895,139; Endo- 
bacterium Lehmann and Neumann, Bakt. Diag., 1 Aufl., 2, 1896, 103; Astasia Meyer, 
Flora, 84, 1897, 185; Saccharobacter Beijcrinck, Cent. f. Bakt., II Abt., 6, 1900, 200; 
Fenobacter Beijerinck, ibid.', Aplanobacter E. F. Smith, Bact. in Relation to Plant 
Dis., /, 1905, 171; Semiclostridium Maassen, Arb. a. d. k. Gesundheitsamte, Biol. 
Abt., 6, l%5. S', Myxobacillus Gonnermann, Ztschr. f. Zuckerind. u. Landwirtsch., 36, 
1907, 877; Plennobaclerium Gonnermann, ibid.; Serratia Vuillemin, Ann. Mycolog., 
//, 1913, 521 (not Serratia Bizio, Polenta porporina, Biblio. Ital., SO, 1823 , 288); 
Schaudinnum, Theciobactrum, Zygostasis, Eisenbergia, MigulanumandiRhagadascia 
Enderlein, Sitzber. Gesell. Naturf. Freunde, Berlin, 1917,309; Cellulobacillus Simola, 
Ann. Ac. Sc. Fenn., Ser. A, 34, No. 1 and 6, 1931 (abst. in Cent. f. Bakt., II Abt., 86, 
1932, 89); not Cellulqbacillus Orla-Jensen, Cent. f. Bakt., II Abt., 22, 1909 , 343; 
Zymohacillus Kluyver and Van Niel, Cent. f. Bakt., II Abt., 94, 1936, 369. 

Rod-shaped bacteria, sometimes in chains. Sporangia usually not different from the 
vegetative cells. Catalase present. Aerobic, sometimes showing rough colonies and 


• Revised by Mr. Nathan R. Smith, U. S. Bur. Plant Industry Station, Beltsville, 
Maryland, Yugust, 1943. 
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forming a pellicle on broth. Usually oxidize carbohydrates or proteins more or less 
completely, often producing slight acidity, without pronounced accumulation of 
characteristic products. Soil is the most common habitat. 

The internationally accepted (Jour. Bact., 35, 1937, 445) type species is Bacillus 
suhlilis Cohn emend. Prazmowski. 

Key to the species of genus Bacillus. 

I. Mesophilic (good growth at 30°C), aerobic (sometimes also grow at low concentra¬ 
tions of oxygen). 

A. Spores ellipsoidal to cylindrical, central to terminal, walls thin. Sporangia 
not distinctly bulged. Gram-positive. 

1 . Diameter of rods less than 0.9 micron. Cells from glucose or glycerol 

nutrient agar stain uniformly, 

a. Growth at pH 6.0. Acetylmethylcarbinol produced. 

b. Gelatin hydrolyzed (Frazier method). Acid from xylose or arabi- 
nose with ammoniacal nitrogen. 

c. Starch hydrolyzed. Nitrites produced from nitrates. 

1. Bacillus sublilis. 

d. Black pigment on carbohydrate media only. 

la. Bacillus subtilis var. aterrimus. 
dd. Black pigment on tyrosin media only. 

lb. Bacillus subtilis var. niger. 

cc. Starch not hydrolyzed. Nitrites not formed from nitrates. 

2. Bacillus pumilus. 

bb. Gelatin not hydrolyzed. No acid from xylose or arabinose. 

3. Bacillus coagulans. 

aa. No growth at pH 6.0. Acetylmethylcarbinol not formed, 
b. Casein digested. Urease not formed. 

4. Bacillus firmus. 

bb. Casein not digested. Urease produced. 

5. Bacillus lentus. . 

2. Diameter of rods 0.9 micron or more. Cells from glucose or g yce 

nutrient agar appear vacuolated if lightly stained. , 

a. Acid from xyloseor arabinose with ammoniacal nitrogen. Acety me 

carbinol not produced. 

6 . Bacillus megatherium. 

aa. No acid from xylose or arabinose. Acetylmethylcarbinol pro 
b. Saprophytic, sometimes pathogenic but not causing anthrax, 

motile. 

c. Growth on agar not rhizoid. 

7. Bacillus cereus. 

cc. Rhizoid growth on agar; usually non-motile. 

7a. Bacillus cereus var. mycotdes. 

bb. Pathogenic. Causative agent of anthrax : non-motile. 

8 . Bacillus anthracis. rangiu® 

B. Spores ellipsoidal, central to terminal, walls thick, remnants o ^ forms- 

often adhering. Sporangia distinctly bulged, spindle and 

Gram-variable. 

1 . Acid and gas from carbohydrates. not formed from 

a. Acetylmethylcarbinol produced. Crystalline dex 

starch. 
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9. Bacillus polymyxa. 

aa. Acetylmethylcarbinol not produced. Crystalline dextrins formed from 
starch. 


10. Bacillus macerans. 

2. No visible gas from carbohydrates. 

a. Saprophytic. Growth on ordinary media. 

b. pH of glucose, proteose-peptone broth cultures less than 8.0. 
Citrates not used as source of carbon. 

c. Starch hydrolyzed. Acid from sucrose with ammoniaoal 
nitrogen. 

d. Acid from xylose or arabinose with ammoniacal nitrogen. 
Acetylmethylcarbinol not formed. 

11. Bacillus circulans. 

dd. No acid from xylose or arabinose. Acetylmethylcarbinol 
produced. 

12. Bacillus alvei. 

cc. Starch not hydrolyzed. No acid from sucrose. 

13. Bacillus laterosporus. 

bb. pH of glucose, proteose-peptone broth cultures 8.0 or higher. 
Citrates used as source of carbon. 

14. Bacillus brevis. 

aa. Parasitic. No growth on ordinary media. 

b. Cause of American foulbroodof honey bees. 

15. Bacillus larvae. 

bb. Cause of the milky disease of Japanese beetles (Popillia japonica 

Newm.). 

Type A. 16. Bacillus popilliae. 

Type B. 17. Bacillus lentimorbus. 

C. Spores spherical, central to terminal. Sporangia definitely bulged, drum¬ 
sticks and spindles. Carbohydrates not attacked. Gram-variable. 

1. Growth on nutrient agar without urea or free ammonia. 

a. Urease not formed. 

18. Bacillus sphaericus. 

aa. Urease produced. 

18a. Bacillus sphaericus var. fusiformis. 

2. No growth on nutrient agar without urea or free ammonia. Urease formed. 

19. Bacillus pasleurii. 

Thermophilic, optimum temperatures SS^C or above; slight if any growth at 37°C. 
Aerobic.* 

A. Spores ellipsoidal to cylindrical, central to terminal; sporangia not distinctly 
bulged. 

1. Diameter of rods less than 0.8 micron. 
a. Gas from carbohydrates. 

20. Bacillus ikermoamylolylicus. 
aa. No gas from carbohydrates. 


* The data on the species of this group are so meager that it is not possible to offer a 
rational system of classification. Many of the characters used for separating the vari¬ 
ous species are probably as variable in this group as they have been found to be in the 
mesophilic group. Lacking a knowledge of the limits of variability and lacking other 
pertinent data, the present arrangement is regarded as temporary only. 
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b. Growth below 50®C. 

c. Nitrites from nitrates, often with liberation of nitrogen gas. 

21. Bacillus kaustophilus. 

21a. Bacillus pepo. 

cc. No nitrites from nitrates. 

22. Bacillus thermoindiJJ'erens. 

bb. No growth below 50°C. 

23. Bacillus thermodiaslaticus. 

2. Diameter of rods greater than 0.8 micron, 

a. Growth on nutrient agar. 

b. Remnants of sporangium adherent. 

24. Bacillus cylindricus. 
bb. Remnants of sporangium not adherent. 

25. Bacillus robuslus. 

25a. Bacillus losanitchii. 

aa. No growth on nutrient agar. 

26. Bacillus calidolaciis. • • H 

R. Spores ellipsoidal to cylindrical, central to terminal; sporangia distinc y 

. bulged. 

1. Diameter of rods less than 0.9 micron. 

a. Starch hydrolyzed. . r pn eas. 

b. Nitrites from nitrates, sometimes with liberation of nitrog 

27. Bacillus michaelisii. 

27a. Bacillus lobalus. 

27b. Bacillus thermononliquefaciens. 
bb. No nitrites from nitrates. 

c. Action on cellulose not recorded. 

28. Bacillus thermotranslucens. 

28a. Bacillus stearoihermophilus. 

28b. Bacillus aerothermophUus. 

cc. Cellulose hydrolyzed. 

29. Bacillus thermocellulolyticus. 

aa. Starch not hydrolyzed. 

b. Nitrites from nitrates, sometimes with gaseous nitrogen, 

c. Milk unchanged. 

30. Bacillus thennoalimentophUus. 

cc. Milk acid, coagulated. 

31. Bacillus thermoliquefactens. 

2. Diameter of rods greater than 0.9 micron. 

a. Starch hydrolyzed. 

b. No nitrites from nitrates. 

32. Bacillus tostus. bulged. 

C Spores spherical, central to terminal; sporangium not distinc y 

33. Bacillus viridulus. 


1. Bacillus subtills Cohn emend. Praz- 
mowski. (Cohn, Beitr. z. Biol. d. Pflan- 
zen, I, Heft 2,1872,174; Heft 3,1875,188; 
2, Heft 2.1876, 249; Prazmowski, Unter- 
suchungen uber die Entwicklungsge- 


.te und Fermeatwirkung 

*• has bee® 

identity of this species has 
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the subject of some controversy owing to 
the indefiniteness of the original descrip¬ 
tions, to the distribution of cultures un¬ 
der the name Bacillus sultilis that were 
incorrectly identified, to variations in the 
forms of growth that may be observed, 
and to confusion with Bacillus cereus. 
In oases where Bacillus sublilis is said to 
be “anthrax-like,” or “similar to the 
anthrax bacillus,” it should be remem¬ 
bered that these terms apply to Bacillus 
cereus and not to Bacillus sublilis. 
Conn (Jour. Inf. Dis., 4^, 1930 , 341) 
concluded that the so-called Marburg 
strain fitted the earliest recognizable 
description of this species which is that 
given by Prazmowski {loc. cit.), and his 
view was accepted after a study of cul¬ 
tures by the International Committee 
on Bacteriological Nomenclature (Jour. 
Bact., 3S, 1937, 445). 

During the past two decades much 
progress has been made in the study of 
variations in the stages of growth of bac¬ 
teria, the rough, smooth, mucoid, etc., 
and in the variability in physiology as 
well. From the recent work of Smith, 
Gordon, and Clark {loc. cit.) it appears 
that many species have been character¬ 
ized on such simple grounds as growth 
folded, mucoid, adherent, colored, rhiz- 
oid, etc., all of which are subject to 
variation, cither induced or spontaneous. 
The present arrangement of this species 
is the result of their work combined with 
data supplied by the work of Conn and 
others. 


Species probably identical with or 
variants of Bacillus sublilis: 

Bacillus geniculalus de Bary, Beitrag 
zur Kenntnis dor niedcren Organismen 
im Mageninhalt, Iiiaug. Diss., Strassburg, 
Leipzig, 1885; Bacillus mesenlericus 
fuscus Fliigge, Die Mikroorganismen, 2 
-Aufl., 1880, 321 {Bacillus uiesentericus 
Trevisan, I gencri e le specie dclle Bat- 
teriacee, 1889, 19; not Bacillus mcsenleri- 
cus as interpreted by Chester, Del. .-Vgr. 
Exp. Station 15th Ann. Report, 1903, 86; 
not Bacillus mesenlericus as given by 
Lawrence and Ford, Jour. Bact., /, 1916, 
295);* Bacillus inesentericus vulgatus 
Fliigge, Die Mikroorganismen, 2 Aufl., 
1886 , 322 {Bacillus vulgatus Trevisan, I 
generi e le specie dollc Batteriacee, 1889, 
19); Bacillus liodermos Fliigge, Die 
Mikroorganismen, 2 Aufl., 1886, 323 (Ba¬ 
cillus No. X, Fliigge, Ztschr. f. Hyg., 17, 
1894, 296; Bacillus laciis No. X, Kruse, 
in Fliigge, Die Mikroorganismen, 3 Aufl., 
2, 1896,209; Bacillus intermedius Migula, 
Syst. d. Bakt., 2, 1900, 579; Bacillus 
cremoris Chester, Man. Dctcrm. Bact., 
1901,274); Bacillus laevis Frankland and 
Frankland, Philos. Trans. Roy. Soc. 
Ixmdon, 178, B, 1S87 , 278 (not Bacillus 
laevis Distaso, Cent. f. Bakt., I Abt., 
Orig., 62, 1912 , 444); Tyrothrix tenuis 
Duclaux, Ann. Inst. Nat. Agron., 4, 
1882, 23 {Bacillus tenuis Trevisan, I 
generi e le specie dclle Batteriacee, 1889, 
16); KartofTelbacillus, Globig, Ztschr. 
f* Hyg., 3, 1888, 294 {Bacillus roseus 
Trevisan, loc. cit., 19; Bacillus mesen¬ 
lericus ruber Kruse, in Fliigge, Die 


*T. Gibson, University of Edinburgh (personal communication), has found that the 
European and supposedly the original strains of Bacillus mesenlericus hydrolyze starch 
and reduce nitrates to nitrites, whereas the American strains arc negative in both of 
these characters. Furthermore, the latter are usually smooth and when the rough 
stage exists, it does not resemble a mesentery from which the organism derived its 
name. This term, however, can still be applied to the European strains. Since the 
American strains are identical with Bacillus pumilus (Chester, Del. Agr. Exp. Sta¬ 
tion, 15th Ann. Report, 1903,87; Lawrence and Ford, Jour. Bact., 1, 1916, 300), it 
has been recommended (Smith, Gordon, and Clark, loc. cit.) that they be designated 
os Bacillus pumilus to avoid ambiguity. Since the European Bacillus mesenlericus 
IS only a stage of growth of Bacillus sublilis, the former name should be dropped. 
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Mikroorganismen, 2, 1896, 199; Bacillus 
globi(jii Migula, Syst. der Bakt., 2, 1900, 
554; Bacillus vilalis Chester, iMan. 
Determ. Bact., 1901, 286); Bacillus 
Icptosporus Klein, Cent. f. Bakt., 6, 
1889, 316; Bacillus Xo. 6, Paiisini, Arch, 
f. path. Anat. u. Physiol., 122, 1890, 422 
{Bacillus coccoideus Migula, Syst. der 
Bakt., 2, 1900, 55S); Bacillus radians 
Migula, Syst. d. Bakt., 2, 1900, 580 
(Bacillus No. IX, Fluggc, Ztschr, f. 
Hyg., 17, 1894, 296; Bacillus laclis No. 
IX, Kruse, in Fliigge, Dio Mikroorgan- 
isineii, 3 Auil., 2, 1896 , 209; Bacillus 
slellatus Chester, Man. Determ. Bact., 
1901, 274; not Bacillus stcllatus Vincent, 
Ann. Inst. Past., 21, 1907, 69); Bacillus 
jiicsentericus panis viscosi 11 Vogel, 
Ztschr. f. Hyg., 26, 1897, 404 {Bacillus 
panis Migula,** Syst. der Bakt., 2, 1900, 
576); Bacillus armoraciac Burchard, Arb. 
a. d. bakt. Inst. d. techn. Hochschule zu 
Karlsruhe, 2, 1898, 46; Bacillus idosus 
Burchard, ibid., 47; Bacillus sublilis a 
Gotthcil, Cent. f. Bakt., II Abt., 7, 


ganismen, Leipzig, 1838) seems to have 
given rise to the species name. 

Spores: O.G to 0.9 by 1.0 to 1.5 microns, 
ellipsoidal to cylindrical, central or para¬ 
central. Germination prevailingly equa¬ 
torial . 

Sporangia: Ovoid to cylindrical, only 

slightly bulged if at all. 

Rods: 0.7 to 0.8 by 2.0 to 3.0 microns, 

single or in short chains, rounded ends, 
stain uniformly. Motile. Gram-posi¬ 
tive. The following variations have been 
observed: Smaller or larger rods, 
ments, encapsulated cells (the slimy 
bread organisms), few shadow forms, non 
motile and Gram-variable. Rods on 
glucose nutrient agar store small amoun 

of fat. 

Gelatin stab: Liquefaction. 

Agar colonies: Usually 

wrinkled, opaque, dull, adherent, slight y 

spreading, brownish tinge. Vana ion 
may be smooth, soft, thin, translucent, 
non- adherent, dendroid, coarsely 
kicd. creamy-white to yellowish 


1901 635; Bacillus natlo Sawamura, 

Bull. Coll. Agr., Tokyo, 7, 1906, 108; 
Bacillus rnesenlcricus var. flavus Lau- 
bach. Jour. Bact., 1, 1916, 497 {Bacillus 
jlavus Bergey et ah, Manual, 1st ed., 
1923, 286; not Bacillus Jlavus Fuhrmann, 
Cent. f. Bakt., II Abt., 19, 1907, 117); 
Bacillus trujfauli Truffaut and Bezsso- 
noff, Compt. rend. Acad. Sci., Paris, 
775, 1922, 544; Bacillus mesentericus 
hydrolylicus Hermann and Xcuschul. 
Biochem. Ztschr., 281, 1935, 219. 

The name Vibrio subiilis Ehrcnberg 
(Infusionsthierchen als vollkommene Or- 


orange. , . a.* 

Agar slants: Growth abundant, na. 

spreading, usually has a dull ' 

finely wrinkled, adherent, becom g 
slightly brownish. Variations 
coarsely wrinkled or folded, non 
ent, smooth, thin, translucent, den ro ^ 
creamy-white to yellow 
strains show a greenish 
when grown at 45“C on nutrien . 

Broth: Turbid becoming 
formation of a tough, wrin e P 
Milk: Slowly peptonized, 

alkaline. 


•♦There has been confusion about the identity of the ® t+Ated that they 

teria. Lehmann and Neumann (Bakt. Diag., 7 Aufl., S, 1927, .ggnterievs and 

were interrelated and also more or less closely related to ^ of Bactl- 

to Bacillus vulgatus. Laubach (Jour. Bact., 1, 1916, ^1) m remained sliray- 

lus panis that lost its capsules on artificial ^ ig apparent that 

From this and the work of Smith, Gordon and Clark {loc. ' mayo^ 

the slimy bread organisms are mucoid variants of ftaeilius subiilis vaf. 

may not be encapsulated, and motile or non-motile {see al 

viscosus Chester, Del. Agr. Exp. Station, 15th Ann. Repor , 
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Milk agar plate: Casein hydrolyzed. 

Potato: Growth luxuriant, warty or 
wrinkled to coarsely folded, whitish to 
pink or yellow, becoming brownish with 
age. 

Nitrites formed from nitrates. 

Starch is hydrolyzed. 

Acid with ammoniacal nitrogen from 
xylose, arabinose, glucose, fructose, galac¬ 
tose, mannose, maltose, sucrose, salicin, 
glycerol, and mannitol. Usually acid 
from dextrin. Variable reactions on 
rhamnose, raffinose, and inulin. Usually 
no action on lactose. 

Acetylmethycarbinol produced. 

Citrates utilized. 

Optimum temperature 30® to 37®C. 
Will usually grow from 50® to 56®C. 

Aerobic, facultative. 

Source: Original cultures isolated by 
Cohn from an infusion of lentils (1872), 
from a boiled infusion of cheese and white 
beets (1875), and from boiled hay infu¬ 
sions (1876). Hence, frequently called 
the hay bacillus. The folded, non-ad¬ 
herent stage of growth {Bacillus vulgalus 
and the European strain of Bacillus 
mesenlericus) is often called the potato 
bacillus. Manner of germination of 
spores established by Prazmowski {loc. 
cit.). 

Habitat: Widely distributed in soil 
and in decomposing organic matter. 

Note: Bacillus vulgalus has long been 
separated from Bacillus subtilis by the 
folded character and the non-adherence 
of its growth. Recently Lamanna (Jour. 
Bact., 44, 1942, 611) has attempted to 
separate this species from Bacillus sub- 
iilis by the splitting of the spore sheath 
along the transverse axis upon germina¬ 
tion. Since the two species are otherwise 
morphologically and physiologically alike 
and since these characters are subject to 
much variation, there seems to be no valid 
reason for this separation. One can, if he 
desires, indicate the different stages of 
growth; for instance, Bacillus subtilis 
morphotype vulgalus (or mesenlericus) 
for the folded growth, Bacillus subtilus 


morphotype panis for the slimy growth, 
and Bacillus sublHis morphotype globigii 
for those that produce a red or orange 
pigment. These terms would apply to 
the present condition of the culture and 
would have to be changed if the character 
of the growth changed. 

la. Bacillus subtilis var. alcrrimus 
comb. nov. (Potato bacillus, Biel, Cent. f. 
Bakt., II Abt., 2, 1896, 137; Bacillus 
aterrimus Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 2, 1896, 303; Bacillus 
mesenlericus niger Lunt, Cent. f. Bakt., 
II Abt., 2, 1896, 572; Bacillus niger 
Chester, Man. Determ. Bact., 1901,306.) 
From Latin aterrimus, very black. 

Synonyms; Bacillus nigrificans Fabian 
and Nienhuis, Mich. Agric. Exp. Station, 
Tech. Bull. 140, 1934, 24; Bacillus 
lyrosinogenes Rusconi, as referred to by 
Carbone et al., Instit. Sierot. Milan., 2, 
1921-1922, 29; not Bacillus lyrosinogenes 
Hall and Finnerud, Proc. Soc. Expl. 
Biol, and Med., 19, 1921, 48 and Hall, 
Abstr. Bact., 6, 1922, 6. 

In the early accounts the production 
of a blue-black to black pigment on potato 
was stressed. It was also said to resemble 
Bacillus subtilis and Bacillus vulgalus 
on gelatin plates. Recent work (Clark 
and Smith, Jour. Bact., S7, 1939,280) has 
shown that pigmentation occurs only in 
the presence of a carbohydrate. In addi¬ 
tion (Gordon and Smith, Jour Bact., 43, 
1942,55), it was established that the abil¬ 
ity to form the pigment could be lost 
through serial transfers and colony 
selection and that the resultant dissoci- 
ants could not be differentiated from 
Bacillus subtilis. 

Source: Isolated from rye bread in 
moist chamber used for growing some 
aspergill! (Biel). 

Habitat: Widely distributed in soil. 

lb. Bacillus subtilis var. niger comb, 
nov. {Bacillus laclis niger Gorini, Gior. 
d. Reale Soc. Ital. Ig., 16, 1894,9; Bacil- 
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hts nigcr Migula, Syst. der Bakt., 2, 
1000, 630.1 From Latin niger, black. 

The black pigment characterizing this 
organism is formed only in media contain¬ 
ing tyrosine (Clark and Smith, Jour. 
Bact.’ 37, 1930, 279). The ability to 
form the pigment may be lost through 
serial transfer and colony selection. It 
then cannot be separated from Bacillus 
suhtilis (Gordon and Smith, loc. cit.). 
Source: First isolated from milk. 
Habitat: Widely distributed in soil. 

2. Bacillus pumilus Gottheil. (Cent, 
f. Bakt., II Abt., 7, 1901, 681.) From 
Latin pumilus, dwarfish, little. 

Synonyms: Bacillus mesentericus a.s 
interpreted by Chester, Del. .Vgric. Exp. 
Station, 15th Ann. Report, 1903, 87; 
Bacillus tnesenlericus as given by Law¬ 
rence and Ford, Jour. Bact., 1, 1916, 295 
and 300; Bacillus mesentericus var.Jlavus 
Laubach, Jour. Bact., 1, 1916, -197; per¬ 
haps also Bacillus parvus Xeide, Cent. f. 
Bakt., II Abt., J2, 1904 , 344; Bacillus 
leptodermis Burchard, Arb. a. d. bakt. 
Inst. d. techn. Hochschule zu Karlsruhe, 

2, 1898, 33. 

Spores: Ellipsoidal to cylindrical, thin 
walled, naked, central or paracentral, 
usually about 0.5 by 1.0 micron although 
some may approach the size of those of 
Bacillus sublilis. 

Sporangia: Ellipsoidal to cylindrical, 
not bulged. 

Rods: 0.6 to 0.7 by 2.0 to 3.0 microns, 
usually occurring singly or in pairs. 
Chains, filaments and shadow forms may 
be found in some strains. Cells grown on 
glucose nutrient agar have few small fat 
globules. Motile with peritrichous fla¬ 
gella. Gram-positive. 

Gelatin stab: Slow liquefaction. 

Agar colonies: Thin, flat, spreading, 
dendroid, smooth, translucent. The 

rough stage also occurs. 

Agar slants: Growth moderate, smooth, 
soft, thin, glistening, non-adherent, 
spreading, usually whitish although it 
may be yellowish. The rough stage is 


tough and finely wrinkled, sometimes re¬ 
sembling certain strains of Bacillus 
sublilis. 

Broth: Uniform turbidity, with or 
without a ring or half-formed pellicle. 
The rough stage forms a pellicle. 

Milk: Peptonized, sometimes coagu¬ 
lated. 

Milk agar plate: Casein hydrolyzed. 

Potato: Growth is smooth, thin, spread¬ 
ing, moist to slimy, yellowish, turning 
somewhat brown. The rough stage is 

dry and finely wrinkled. 

Nitrites not produced from nitrates. 

Starch not hydrolyzed. 

Acid with ammoniacal nitrogen Rom 
arabinose, xylose, glucose, fructose, ga ac 
tose, mannose, sucrose, salicin, g 
and mannitol; usually also from ma os 
and raffinose. Reaction variable wim 
dextrin. Usually no acid from rhamnose. 

lactose, and inulin. 

.\cetylmethylcarbinol produced. 

Citrates utilized as sole source 
carbon. 

Optimum temperature about 
Maximum temperature allowing g 
usually about 50®C. 

Aerobic. , ^ 

Source: Isolated from plants, 
dust, and as a contaminant 
Habitat; Widely distributed m 

3. Bacillus coagulansHammer_ (Ioj'» 

Agric. Exp. Station, Research • 

1915. 129; Sarles and Hammer. 

Bact., 23, 1932. 301 .) Frojn 

coagulans, curdling. 

Synonyms: BaciU^^ 

Berry, Jour. Bact., 26, 1933, 

dextrolacticus Andersen a 

Iowa State Coll. Jour, of Sci., 

Ellipsoidal to cylindric^^-Xe 

minal or subterminal, thin 
to 0.9 by 1.0 to 1.5 microns. ^ 

acid proteose peptone a^ 
.„artv. and Will>nn“' Too 


on 


... Hegarty. and Williams, 
irch, 7, 1942, 186). 



FAmLY BACILLACEAE 


713 


Sporangia: Only slightly swollen, if at 
all. 

Rods: 0.5 to 0.9 by 2.5 to 3 microns, 
singly or in short chains, resemble Ba¬ 
cillus subtilis. Cells from glucose agar 
contain few small fat globules. Motile. 
Gram-positive. 

Gelatin: No growth at 20®C. No 
change in gelatin by Frazier method at 

45‘’C. 

Agar colonies: Small, entire, raised, not 
characteristic. 

Agar slants: Growth scant to moderate, 
thin, flat. On acid proteose peptone agar 
growth is more abundant and micro¬ 
scopically the cells appear healthier. 

Broth: Moderate uniform turbidity, 
followed by clearing. Glucose broth 
attains a pH of 4.0 to 4.4. 

Milk: Coagulated. 

Milk agar plate: Weak hydrolysis of 
casein. 

Potato: Growth scant to moderate, 
thin, spreading, white to cream-colored. 
May have a sour odor. 

Nitrites usually not formed from 
nitrates. 

Starch is hydrolyzed. 

Acid from glucose, galactose, fructose, 
lactose, maltose, sucrose, de.xtrin, and 
glycerol. Usually no acid from arabinose 
and sorbitol. No acid from xylose and 
mannitol. Organic nitrogen preferable 
to inorganic. 

Acetylmethylcarbinol produced. 
Citrates not used as sole source of 
carbon. 

Optimum temperature about 45®C 
(Hammer, SS^C). Maximum tempera¬ 
ture allowing growth 54®C to OO^C. Slow 
growth, if any, at 25®C. 

Aerobic, facultative. 

Source: Isolated from evaporated milk 
(Hammer) and tomato juice (Berry). 

Habitat: Canned goods; probably 
widely distributed in nature. 

4. Bacillus firmus Werner. (Cent. f. 
Bakt., II Abt., 87, 1932 , 470.) From 
Latin firmus, firm, strong. 


Spores: Usually ellipsoidal, central to 
subterminal, 0.6 to 0.7 by 1.0 to 1.2 
microns on Ca-n-butyrate agar (Wer¬ 
ner); 0.7 to 0.9 by 1.0 to 1.4 microns on 
nutrient agar. Sporulation better on 
plain peptone agar than on nutrient agar. 

Si>orangia: Ellipsoidal to cylindrical, 
sometimes slightly bulged. 

Rods: 0.6 to 0.9 by 1.5 to 4.0 microns, 
single or in short chains, few filaments. 
On glucose nutrient agar there are swol¬ 
len, shadow, and other abnormal forms, 
few small fat globules. Motile with 
peritrichous flagella. Gram-ix)sitive. 

Gelatin stab: Slow liquefaction. Gela¬ 
tin plate shows wide zone of hydrolysis. 

.\gar colonies: Small, smooth, dense, 
entire, white to pink. 

Agar slants; Growth moderate, smooth, 
opaque, not spreading, whitish. Pink 
variations may occur. Growth inhibited 
when glucose is added, because of the 
production of acid. No growth at pH 
6.0 or below. 

Broth: Scant uniform turbidity or a 
flocculent growth. 

Milk agar plate: Weak to strong ciiscin 
hydrolysis. 

Potato: No growth. 

Nitrites produced from nitrates. 

Starch is hydrolyzed. 

Acid from glucose. No acid from 
arabinose and xylose. Ammonium salts 
not used as sole source of nitrogen. 

Acetylmethylcarbinol not produced. 

Citrates usually not utilized. 

Urease not produced. 

Salt tolerance: Will grow in nutrient 
broth containing 4 to 7 per cent NaCl. 

Optimum temperature about 28®C. 
Maximum temperature allowing growth 
37®C to 45®C. 

Source: Seven strains isolated fnnn 
soils in Central Europe and Egypt. 

Habitat: Widely distributed in soil. 

5. Bacillus lentus Gibson. (Cent. f. 
Bakt., II Abt., 0£, 1935, 368.) From 
Latin lentus, slow. 
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Spores: Ellipsoi<ial, central to subter- 
niinal, 0.7 to 0.8 by 1.0 to 1.3 microns. 

Sporangia; KIlip.soitlal to cylindrical, 
mav be slightlv swollen. 

Hods; 0.6 to 0.7 by 2.0 to 3.0 microns, 
occurring singly or in pairs. Motile with 
peritrichous flagella. Gram-positive. 

Gelatin stab; No liquefaction. Xo 
change in gelatin by Frazier method. 

Agar colonies; Small, smooth, entire, 
glistening, white, opafpie. 

.\gar slants: Growth only moderate, 
slow, thin, gray to white, opaque, not 
spreading. Xogrf)Wtliat pllO.Oorbelow. 
Growth itihil)ito<l by glucose because of 
the change to acid reaction. 

Hrotli; Faint uniform turbidity, granu¬ 
lar sediment. 

Milk; Unchanged. 

Milk agar plate: Casein not hydro¬ 
lyzed. 

Potato: Xo growth. 

Xitrites not produced from nitrates. 

Starch is hydrolyzed. 

.Vcid from arabinose, xylose, glucose, 
sucrose, and lactose. Inorganic nitrogen 
not utilized. 

.\cetylmethylcarbinol not formed. 

Citrates not used as sole source of 
carbon. 

Urease produced. Urea decomposed at 
room temperature, feebly at 

Salt tolerance: Will grow in nutrient 
broth containing 4 per cent NaCl. 

Optimum temperature about 25®C. 
Maximum temperature allowing growth 

37°C. 

Growth on most media is increased by 
the addition of urea. 

Aerobic. 

Source: Nine strains isolated from 
soils. 

Habitat: Common in soils. 

6. Bacillus megatherium De Bary. 
{Bacillus megaterium (sic) De Bary, 
Vergleichcnde Morph, und Biol, der 
Pilze, 1884, 499.) Generally assumed 
that the original spelling was a typo¬ 
graphical error and that the later spelling 


megatherium comes from Greek roots 
meaning big animal (Breed, Science, 70, 
1929, 480). Rippel (Arch. Mikrobiob, 

11, 1940, 470) holds that the original 
spelling meaning big rod is the correct 
form. 

Synonyms as given by Smith, Gordon, 
aud Clark {loc. cit.)\ Bacillus capri 
Stapp, Cent. f. Bakt., II Abt,, 51, 1920, 
19; Bacillus carolarum Koch, Bot. Zeit., 
18, 1888, 277 {Bacterium carolarum Mig- 
ula, Syst. d. Bakt., 2, 1900, 293); Ba¬ 
cillus cohaijae Stapp, Cent. f. Bakt., II 
-Vbt., 51, 1920, 10; Bacillus danicus 
liohnis and Westermann, Cent. f. Bakt., 
II Abt., 22, 1908, 253; Bacillus graveolens 
Gotthoil, Cent. f. Bakt., II Abt., 7,1901, 
496 and 535; Bacillus malabarensis 
Lohnis and Pillai, Cent. f. Bakt., II 
Abt., 19, 1907, 91; Bacillus muscxdi 
Stapp, Cent. f. Bakt., II Abt., 61, 1920, 
39; Bacillus oxalalicus Migula, Arb. a. d. 
bakt. Inst. d. Tech. Hochschule z. 
Karlsruhe, 1, Ileft, 1, 1894, 139; Bacillus 
pelasites Gottheil, Cent. f. Bakt., II 
.Vbt., 7, 1901, 535 (Lawrence and Ford, 
Jour. Bact., I, 1916, 273); Bacillus ru- 
minatus Gottheil, ibid., 496; Bacillus 
silvaticus Xeide, Cent. f. Bakt., II Abt., 

12, 1904, 32; Bacillus lumescens Zopf, 
Die Spaltpilze, 1 Aufl., 1883,66 {Zopjiella 
lumescens Trevisan, Car. d. ale. nuov. 
gen. di Butter., 1885, 4). 

Other possible synonyms given by 
Neide {loc. cit., 11): Bacterium hirtum 
Henrici, Arb. bakt. Inst. Karlsruhe, 
1894, 44 {Pseudomonas hirtum Ellis, 
Cent. f. Bakt., II Abt., II, 1903, 243; 
Bacillus hirtus Ellis, Ann. Bot., 20, 1906, 
233); Bacillus brassicae Pommer, Mitt, 
botan. Inst. Graz, /, 1886, 95 {Bacterium 
brassicae Migula, Syst. d. Bakt., 2, 1900, 


) 6 ). 

Although the name Bacillus lumescens 
apf (which is here regarded as a probable 
monym) has priority over Bacillus 
egalherium^ the latter name is preferred 
jcause of general usage. Neither of the 
•iginal descriptions is sufficiently de- 
liled to characterize adequately the 
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species named, and Zopf (Die Spaltpilze, 
3 Aufl., 1885, 82-83) regarded tlie two 
species as distinct. The modern work 
on which the present description of Ba¬ 
cillus megatherium is based lias been 
largely carried out with cultures identi¬ 
fied as Bacillus megatherium, and the 
true nature of the species is really fixed 
by the informal emendations made in 
these more recent descriptions. The 
emended descriptions give this name a 
more certain meaning than is given 
Bacillus lumescens by the descriptions 
existent in the literature. 

Spores: Ellipsoidal, sometimes nearly 
round, central to paracentral, 1.0 to 1.5 
by 1.5 to 2.0 microns (larger dimensions 
have been reported). 

Sporangia: Ellipsoidal to cylindrical, 
often in short chains; not swollen. 

Rods; 1.2 to 1.5 by 2.0 to -1.0 microns, 
occurring singly and in short chains. 
Larger and smaller cells, irregular, 
twisted, and shadow forms are present in 
some strains, depending upon the sub¬ 
strate. Cells from glucose or glycerol 
nutrient agar usually store imich fat and 
stain unevenly (vacuolated) with dilute 
stains. Motility with peritrichous fla¬ 
gella, usually slow, although some strains 
may show active motility. Gram-jwsi- 
tive. 

Gelatin stab: Slow liquefaction. 

Agar colonics: Lai-ge, smooth, soft, con¬ 
vex, entire, opaque, creamy-white to 
yellow. The rough stage is usually con¬ 
centrically ridged with a thin edge. 

Agar slants: Growth abundant, soft, 
butyrous, creamy-white to yellow with 
pellucid dots. Browning with age; a few 
strains become black if the medium con¬ 
tains tyrosine. 

Broth: Medium to heavy uniform 
turbidity. 

Milk: Peptonized. 

Milk agar plate: Casein hydrolyzed. 

Potato: Growth abundant, smooth, soft 
to slimy, spreading, creamy-white, pale 
to lemon-yellow or pink. A few strains 


are orange-colored, some blacken I ho 
|M)tato. The rough stage is wrinkled. 

Nitrites usually not produced from 
nitrates. 

Starch is hydrolyzed. 

.\cid with ammoniacul nitrogen from 
arabinose, gIuco.se, fructose, sucrose, 
maltose, dextrin, inulin, salicin, glycerol 
and mannitol. I'snally acid from xylose, 
galactose, mannose, and raflinosc; vari¬ 
able from lactose. Generally no acid 
from rhamnosc. 

.•Vcctylmethylcarbinol not formed. 

Citrates used :\s sole source of carbon. 

Uric acid hydrolysis: Variable. 

Optimum temperature 2S®C to 35*C. 
Maximum temperature allowing growth 
usually between ■40'’C and ■15°C. 

Source; Originally isolated from cooked 
cabbage. 

Habitat: Widely distributed in soil, 
water, and decomposing materials. 

Note: A description of Bacillus mega¬ 
therium—Bacillus cereus intermediates 
follows the description of Bacillus cereus. 

7. Bacillus cereus Erankland and 
I'rankland. (Philosoph. Transact. Roy. 
Soc. London, 178, B, 18S7, 279.) From 
Latin cereus, waxy. 

Synonyms: Bacillus ellenbachensis al¬ 
pha Stutzer and Hartleb, Cent. f. Bakt., 
H Abt., 4, 1898, 31; Bacillus ellenbachen¬ 
sis Gottheil, Cent. f. Bakt., II Abt., 7, 
1901, 540; Bacterium pelroselini Bur- 
chard, Arb. bakt. Inst. Karlsruhe, 
1898, 39 (Bacillus petroselini Lehmann 
and Neumann, Bakt. Diag., 4 .\ufl., 2, 
1907, 414). 

The following are given as possible 
synonyms by Gottheil, Cent. f. Bakt., 
II Abt., 7, 1901, 540: Bacillus rartwsus 
liquefaciens Flligge, Die Mikroorganis- 
men, 2 Aufl., 1886, 342; Bacillus stoloni- 
ferus Pohl, Cent. f. Bakt., II, 1892, 142 
(Bacterium stolonijerus Chester, Ann. 
Kept. Del. Col. Agr. Exp. Sta., 9, 1897, 
91; Achromobacter sloloniferum Bergey 
et al.. Manual, 1st ed., 1923, 136); Bacil- 
IxiS limosus Russell, Ztschr. f. Hyg., 
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]S92, 1% (not BaciUus Umosm Klein, 
Ber. fi. doutsch. hot. Gosellseh., 7, 18S9, 
65; Bacillus limophilus Migula, S 3 'st. d. 
Bakt., 2, 1900, 550); Bacillus brevis o 
Fliigge, Ztschr. f. Hyg., 17, 1894, 294; 
Bacillus lululcntus Kern, Arb. bakt. Inst. 
Karlsruhe, 1, 1897, 402; Bacillus gojiio- 
sporus Burchard, Arb. bakt. Inst. 
Karlsruhe, 2, 1898, 14; Bacterium iur- 
gcsccns Burchard, ibid., 18; Bacillus 
cursor Burchard, ibid., 25; Bacillus lox~ 
osus Burchard, ibid., 37. 

The following are also listed as syno¬ 
nyms or biotypes of Bacillus cereus by 
Smith, Gordon and Clark: Bacillus ses- 
silis Klein, Cent. f. Bakt., 0, 1889, 349 
and 377 (Bacterium sessile Migula, Sj'st. d. 
Bakt., 2, 1900, 290); Bacillus albolactis 
Migula, ibid., 577 (Bacillus lactis albus 
LoefRer. Berlin, klin. Wchnschr., 1887, 
630); Bacillus lacticola Neide, Cent, 
f. Bakt., II Abt., 12, 1904, 168 (Bacillus 
No. V, Fliiggc, Ztschr. f. Hyg., 17, 1894, 
294; Bacillus lactis No. V, Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 2, 
1896, 208; Bacterium lacticola Migula, 
Syst. d. Bakt., 2, 1900 , 305; Bacillus 
excurrens Migula, ibid., 582; Bacillus 
cereus Chester, Man. Determ. Bact., 
1901, 278; not Bacillus cereus Frankland 
and Frankland, Philos. Trans. Ro}'. Soc. 
London, 178, B, 1887,279); Bacillus lactis 
Neide, Cent. f. Bakt., II Abt., 12, 1904, 
337 (Bacillus No. I, Fliigge, Ztschr. f. 
Hyg., 17, 1894, 294; Bacillus jluggei 
Chester, Manual Determ. Bact., 1901, 
281); Bacillus robur Neide, Cent. f. 
Bakt., II Abt., 12, 1904, 18; Bacillus 
thuringiensis Berliner, Zeit. f. angew. 
Entomol., 2, 1915, 29 (see also Mattes, 
Geseilschaft zur Beford. der Gesam. 
Naturw., 62, 1927, 381; Bacterium 
thuringiensis Chorine, Internat. Corn 
Borer Invest., 2, 1929, 50); Bacillus 
cereus var. fluorescens Laubach, Jour. 
Bact., 1, 1916, 508 (Bacillus fluorescens 
Bergey et al., Manual, 1st ed., 1923, 
298; not Bacillus fluorescens Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 18); Bacillus subtilis Michigan 
strain, Conn., Jour. Inf. Dis., 46, 1930, 


341; Bacillus undulatus den Dooren de 
Jong, Cent. f. Bakt., I Abt., Orig., 122, 
1931, 277 (see also den Dooren de Jong, 
Arch. f. Mikrobiol., 4, 1933, 36); Bacillus 
siamensis Siribaed, Jour. Inf. Dis., 57, 
1935, 143 (see also Bacillus cereus 
var. siamensis Clark, Jour. Bact., SS, 
1937, 435); Bacillus meliens Charlton 
and Levine, Iowa Eng. Exp. Station, 
Bull. 132, 1937, 18; (see also Levine, 
Buchanan and Lease, Iowa State Coll. 
Jour. Sci., 1, 1927, 379); Bacillus tropicus 
Heaslip, Med. Jour. Australia, 28, 1941, 
536. 

Neide (loc. cit.) gave the following as 
possible synonyms of Bacillus lacticola: 
Bacillus butyricus Hueppe, Mitteil. a. d. 
kaiserl. Gesundheitsamte, 2, 1884, 309; 
not Bacillus butyricus Macd, Traitd de 
Bact., 1st ed., 1888 (Clostridium butyri- 
cum Prazmowski, Untersuchungen liber 
die Entwickelungsgeschichte und Per- 
mentwirkung einiger Bacterien-Arten. 
Inaug. Diss., Leipzig, 1880, 23); Bacillus 
aureus Pansini, Arch. f. pathol. Anat. u. 
Physiol., 122, 1890, 436 (not Bacillus 
aureus Frankland and Frankland, Philos. 
Trans. Roy. Soc. London, 178, B, 1887, 
272); Bacillus lacteus Migula, Syst, d. 
B&kt.,2, 1900,571 (No. 17, I^embke, Arch, 
f. Hyg., 29, 1897, 323); Bacillus gonio^ 
sporus Burchard, loc. cit. 

Neide also gave the following as possible 
synonyms of Bacillus lactis: Bacillus 
lululenlus Kern, loc. cit.; Bacillus ag- 
gomeratus Migula, Syst. der Bakt., 2, 
1900, 557; Bacillus amarificans Migula, 
ibid., 584; Bacillus cylindrosporus Bur- 
chard, Arb. bakt. Inst. Karlsruhe, 2 
1898,31. 

Other possible synonyms of Bacillus 
cereus are: Bacillus anthracoides Hiippe 
and Wood, Ber. klin. Wchnschr., IS, 
1889, 347 (Kruse, in FlUgge, Die Mikro¬ 
organismen, 3 Aufl., 2, 1896, 232; Bac¬ 
terium anthracoides Migula, Syst. der 
Bakt., 2, 1900, 281; not Bacterium an¬ 
thracoides Trevisan, I generi e le specie 
delle Batteriacee, 1889 , 20); Bacillus 

pseudanthraas Wahrlich, Bakterio. 

Studien, Petersburg, 1890--91, 26 (no 
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Bacillus pscudanthrucis Kruse, in Klugge, 
Die Mikroorganismcn, 3 AulL, 2, 189G, 
233; Bacterium pscudoanlhracis Migula, 
loc. cit.j 282); Bacterium flexile Hurchanl, 
Inaug. Diss., Karlsruhe, 1897 and Arb. 
bakt. Inst. Karlsruhe, 2, 1898, IG; Bacil¬ 
lus cllcnbachi Sawamura, Tokyo Imj). 
Univ. Coll. Agr. Hull. 7, 190G. 105; 
Bacillus hoplosternus Paillot, Cornpl. 
rend. Acad. Sci., Paris. /6*3. 1910. 772; 
Bacillus fulminans Schrire and Green¬ 
field, Trans. Uoy. Soc. So. Africa, 17, 
1929, 309. 

Spores: Ellipsoidal, average size 1.0 by 
1.5 microns (considerable variation has 
been noted by various writers), central or 
paracentral, usually freely formed in 24 
hours. Germination prevailingly |x>Iar. 

Sporangia: Ellipsoidal or cylindrical, 
only slightly swollen, if at all. In short 
to long chains. 

Rods: 1.0 to 1.2 by 3.0 to 5.0 microns, 
occurring in long chains, ends square. 
Cells appear granular or foamy if lightly 
stained, especially if grown on glucose or 
glycerol nutrient agar; fat usually stored. 
Smooth strains are motile with many 
peritrichous flagella, rough strains weakly 
motile or non-motile. Gram-positive. 

Gelatin stab: Rapid liquefaction. 

Agar colonics: Large, flat, entire or 
irregular, whitish with characteristic 
appearance by transmitted light de¬ 
scribed by various observers as ground 
glass, moire silk, or galvanized iron. 
All stages occur from the thin, spreading, 
very rough and arborescent, to the smooth 
dense form of colony. 

.\gar slant: Growth abundant, usually 
non-adherent, spreading, dense, whitish 
to slightly yellowish. Old slants show 
characteristic whip-like outgrowths. 
Some strains produce a yellowish-green 
fluorescence. 

Broth: Heavy uniform turbidity, with 
or without a fragile pellicle. 

Milk: Rapid peptonization, wdth or 
without slight coagulation. 

Blood serum: Partially liquefied. 
Hemolysis on blood agar. 


Potato; Growth abundant, thick, soft, 
creamy-white to pinkish, spreading over 
the potato. Rough strains may be 
folded and more pigmented. 

Nitrites usually produced from ni¬ 
trates. 

Starch is hydrolyzed. 

Acid (with ammoniacal nitrogen) from 
glucose, fructose, maltose, dextrin, and 
glycerol. Acid usually from sucrose and 
salicin. Usually no acid from mannose 
and lactose. No acid from arabinose, 
rhamnosc, .xylose, raffinose, inulin, and 
mannitol. 

Acetylmethylcarbinol produced. 

Citrates usually utilized as sole source 
of carbon. 

Optimum temperature about 30°C. 
Maximum temperature allowing growth 
varies from 37®C to 48°C, usually about 
43®C. 

Aerobic. 

Source: From soil, dust, milk, plants, 
and as contaminant of media. 

Habitat: Widely distributed. Occurs 
more often in soil than any other member 
of the genus. See Chester, Del. .\gr. 
Exp. Station, 15th Ann. Report, 1903, 73; 
Lawrence and Ford, Jour. Bact., 1, 191C, 
284; Conn, N. Y. Exp. Station, Tech. 
Bull. 58, 1917; Conn and Breed, Jour. 
Bact., 1919, 273; Soriano, Thesis, 
Univ. Buenos Aires, 1935, 569. 

Bacillus megatherium—Bacillus 
cereus intermediates. 

\ 

According to Smith, Gordon, and Clark 
{loc. cil.) intermediate forms occur be¬ 
tween Bacillus megatherium and Bacillus 
cereus w’hich cannot be represented by a 
distinct species. These intermediates 
are characterized morphologically by the 
early appearance on agar of shadow’ or dis¬ 
torted forms, long filaments, and gen¬ 
erally only a few' spores. Fat globules 
are smaller and less numerous. Physi¬ 
ologically the group is erratic, showing a 
progression of characters from Bacillus 
megatherium on the one hand to Bacillus 
cereus on the other. Acetylmethylcarbi- 



71b 


MANUAL OF DKTERMINATIVE BACTERIOLOGY 


nol and nitrites are not usually formed. 
Fermentation of the pentoses and manni¬ 
tol, the ability to grow well on glucose 
nitrate agar, susceptibility to the bac¬ 
teriophage active against Bacillus 
megatherium or Bacillus cereus and the 
general character of the growth deter¬ 
mines whether the intermediate is more 
closely related to Bacillus megatherium 
or to Bacillus cereus. 

Bacillus cohaerens Goltheil (Cent. f. 
Bakt., II Abt., 7, 1901, 458 and 689) 
may be taken as a representative of this 
intermediate group resembling Bacillus 
megatherium more closely than Bacillus 
cereus. Gottheil gave as possible syn¬ 
onyms: Bacillus vermicularis Frankland 
and Frankland, Ztschr. f. Ilyg., 6, 1889, 
384 {Bacterium rermicn/are Migula, Syst. 
d. Bakt., 2, 1900, 302); Bacillus filiformis 
Tils, Ztsclir. f. Ilyg., 9, 1890, 293; ^aci7/ws 
laclis albus Eisenberg, Bakt. Diag., 3 
Aufl., 1891, 110; Bacillus virgatus Kern, 
Arb. bakt. Inst. Karlsruhe, /, 1897, 416; 
Bacillus cr/lindiosporus Burchard, Arb. 
bakt. Inst. Karlsruhe, 2, 1S98, 31; Bacil¬ 
lus hipolaris Burchard, ibid., 34. 

Other strains which apparently belong 
to this same group are: Bacterium pansinii 
Migula, Syst. d. Bakt., 2, 1900, 303 
(Bacillus No. 3, Pansini, Arch. f. path. 
Anat., 122, 1890 , 439; Bacterium granu- 
latum Chester, Man. Determ. Bact., 
1901,189); Bacterium tomentosum Henrici, 
Arb. bakt. Inst. Karlsruhe, /, 1897, 40; 
Bacillus teres Neide, Cent. f. Bakt., II 
Abt., 12, 1904, 161. 

Representing those strains in this in¬ 
termediate group more closely related to 
Bacillus cereus is Bacillus simplex Got¬ 
theil {loc. cit., 685). Gottheil gave the 
following as possible synonyms: Bacillus 
vacuolosis Sternberg, Manual of Bact., 
1893, 717; Bacillus naians Kern, Arb. 
bakt. Inst. Karlsruhe, 1, 1897, 413; 
Bacillus loxosporus Burchard, Arb. bakt. 
Inst. Karlsruhe, 2, 1898, 49. 

7a. Bacillus cereus var. mycoides 
(Fliigge) comb. nov. {Bacillus mycoides 


Fliigge, Die Mikroorganismen, 2 Aufl., 
1886,324.) From Greek myfces, fungus; 
eidos, form, shape, i.e., fungus-like. 

Gottheil, Cent. f. Bakt., II Abt., 7, 
1901, 589, gave the following as probable 
synonyms: Wurzelbacillus, Eisenberg, 
Bakt. Diag., 1st ed., 1886, 4; Bacillus 
figurans Crookshank, Manual, 1st ed., 
1886 {Bacterium figurans Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
134); Bacillus 6rassicae Pommer, Mitt, 
a. d. botan. Inst, zu Graf, 7, 1886, 95 
(Bacterium brassicae Migula, Syst. d. 
Bakt., 2, 1000, 296); Bacterium casei 
Migula, Syst. d. Bakt., 2, 1900, 304 
(Bacillus No. XVI, Adametz, Landw. 
Jahrb., 78, 1889, 248; Bacterium proteum 
Chester, Man. Determ. Bact., 1901, 
195); Bacillus ramosus Frankland and 
Frankland, Ztschr. f. Hyg., 6, 1889, 388 
(not Bacillus ramosus Veillon and Zuber, 
Arch. Mf5d. Exp. et Anat. Path., 10, 
1898, 542); Bacillus radicosus Zimmer- 
mann. Die Bakterien unserer Trink- u. 
XutzAviisscr, etc., I Reihe, 1890, 30 
{Bacterium radicosum Migula, Syst. d. 
Bakt., 2, 1900, 283); Bacillus implexus 
Zimmermann, ibid. {Bacterium itn- 
plexum Migula, ibid., 298); Bacillus in- 
tricatus Migula, ibid., 546 {Cladothrix in- 
Iricafa Russell, Ztschr. f. Hyg-. 

1892, 191). 

Another possible synonym is Bacillt^ 
praussnitzii Trevisan (I generi e le specie 
delle Batteriacee, 1889, 20). Laubach, 
Jour. Bact., 7, 1916, 495, found that this 
differed from Bacillus mycoides only in 
the fermentation of lactose. This has 
been substantiated by later work. 

Holzmuller (Cent. f. Bakt., 11 Abt., 
23, 1909, 304) described four varieties of 
Bacillus mycoides which he designated by 
Greek letters and in addition named four 
new species which were apparently only 
variations of Bacillus mycoides: Bacillus 
efusus, Bacillus olfactorius, Bacillus 
nanus and Bacillus dendroides (not Ba¬ 
cillus dendroides Thornton, Ann. App • 

Biol., 5,1922,247). 

Bacillus cereus var. mycoides is identi- 
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cal in all respects with Bacillus cereits 
except in the following characters: 

Agar colonies: Grayish, thin, widely 
spreading by mcansof long twisted chains 
of cells, turning to the right or left. 

Agar slants: Growth thin, ihizoid, 
grayish, widely spreading, adlicring to or 
growing into the agar. Later, growtli 
becomes thicker and softer. 

The physiological similarity between 
Bacillus cereus and Bacillus mycoiilcs 
has often been noted. Gordon (Jour. 
Bact., 3 . 9 , 1040, 98) showed that tlie 
rhizoid character of the growth of Bacil¬ 
lus mycoides was readily lost by cultiva¬ 
tion in flasks containing 100 ml of broth 
and that the resulting dissociants could 
not be differentiated from Bacillus cercus. 
It is, therefore, a question whether Ba¬ 
cillus mycoiiles should be given the dig¬ 
nity of a variety of Bacillus cercus or 
merely designated as a stage of growth 
(morphotype). 

Source: Isolated from soil. 

Habitat: Widely distributed in soil. 

8. Bacillus antbracls Cohn emend. 
Koch. (Les infusories de la maladie 
charbonneuse, Davaine, Compt. rend. 
Acad. Sci., Paris, 6‘9, 1864 , 393; Cohn, 
BeitrSge z. Biol. d. Pflanzen, /, Heft 2, 
1872, 177; Koch, ihid., 2, Heft 2, 1876, 
279; Bact6ridie des charbon, Pasteur and 
Joubert, Compt. rend. Acad. Sci., Paris, 
84, 1877, 900; Bacterium anthracis Zopf, 
Die Spaltpilze, 2 Aufl., 18S4, 45; Bacillus 
{Slreptobacter) anlhracis Schrocter, 
Kryptogamen Flora v. Schlesieu, 3, 1, 
1886, 163; Pollendera anlhracis Trcvisim, 
1884, see Trevisan, I generi e le specie 
delle Battcriacee, 1889, 13; Bacterium 
anlhracis Migula, in Englcr and Prantl, 
Die natiirlichen Pflanzenfam., 1, la, 
1895 , 21; Aplanobacler anlhracis Erw. 
Smith, Bacteria in Bclation to Plant 
Diseases, 1905, 171; Bacillus {Bacteri- 
dium) anlhracis Buchanan, Jour. Bact., 
3, 1918, 37.) From Greek, gen. of an¬ 
thrax, charcoal, a carbuncle, the disease 
anthrax. 


According to Smith, Gordon, and Clark 
{loc. cil.) this species is a ))athogenic 
variety of Bacillus cereus. They worked 
extensively with the latter but not with 
many strains of Bacillus anthracis. The 
only difference between the two seemed 
to be pathogenicity and motility, and 
some strains of Bacillus cercus are weakly 
pathogenic and some practically non- 
motile. It would appear that Bacillus 
cercus is a so-called parent species from 
which two varieties (var. anthracis and 
var. mycoides) and several morpho- and 
biotypes have sprung. 

Spores: Ellipsoidal, 0.8 to 1.0 by 1.3 to 
1.5 microns, central or paracentral, often 
in chains. Germination polar. 

Si)orangia: Ellipsoidal to cylindrical, 
not swollen, in chains. 

Hods : 1.0 to 1.3 by 3 to 10 microns with 
square or concave ends, occurring in long 
chains, resemble Bacillus cereus. Cells 
from glucose or glycerol nutrient agar 
appetu* granular (vacuolated) if stained 
lightly; many fat globules present. Non- 
mot ile. Gram-positive. 

Gelatin stab: Arborescent in depth, 
inverted pine tree. Liquefaction cra- 
teriform becoming stratiform. 

Agar colonies: Large, irregular, dense, 
curled structure composed of parallel 
chains, similar to certain strains of 
Bacillus cereus. 

Agar slant: Growth abundant, grayish, 
dense, spreading, with fimbriate borders. 

Broth: Little or no turbidity, thick 
pellicle. 

Milk: Coagulated, slightly acid, pep¬ 
tonized. 

Potato: Growth abundant, spreading, 
white to creamy. 

Nitrites formed from nitrates. 

Starch is hydrolyzed. 

Acid from glucose, fructose, sucrose, 
maltose, trehalose, and dextrin. Some 
strains produce late and slight acidity in 
glycerol and salicin. No definite fer¬ 
mentation occurs in arabinosc, rhamnose, 
mannose, galactose, lactose, raffinose, 
inulin, mannitol, dulcitol, sorbitol, inosi- 
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tol, and adonitol (Stein, Vet. Med., 38, 
1943). 

.\cetylinelhylcarbinol produced. 
Optimum temperature about 35®C. 
Maximum temperature allowing growth 

about 43°C. 

Aerobic, facultative. 

Pathogenic for man, cattle, swine, 
sheep, rabbits, guinea pigs, mice, etc. 
Source: From blood of infected animals. 
Habitat. The cause of anthrax in man, 
cattle, sheep and swine. 

9. Bacillus polymyxa (Prazmowski) 
Migula. {Clostridium polymyxa Praz¬ 
mowski, Inaug. Diss., Leipzig, 1880, 37; 
Migula, Syst. der Bakt., 2, 1900, C38; 
Granvlohactcr polymyxa Beijcrinck, K. 
Akad. Wctenschap., Amsterdam, Sec. 2, 
1, 1903, No. 10; Granulobacter polijmyxa 
var. mucosum and var. tenax Beijerinck 
and Van Delden, Cent. f. Bakt., II Abt., 
9, 1902, 13; further description by Gru¬ 
ber, Cent. f. Bakt., II Abt., 14, 1905, 
353; Aerobacillus polymyxa Doiiker, loc. 
cit., 138.) From Greek poly, many or 
much; mxjxa, slime or mucus. 

This and the species immediately fol¬ 
lowing {Bacillus macerans) are sometimes 
placed in the sub-genus Aerobacillus 
Donker emend. Kluyver and Van Neil 
(Donker, Inaug. Diss., Delft, 1926, 138; 
Kluyver and Van Neil, Cent. f. Bakt., II 
Abt., 94, 1936, 402; not Aerobacillus 
Pribram, Jour. Bact., 18, 1929 , 374; not 
Aerobacillus Janke, Cent. f. Bakt., II 
Abt., SO, 1930,481). 

For a study of this group and a review 
of the literature see Porter, McCleskey 
and Levine, Jour. Bact., 33, 1937, 163. 
They give the following as synonyms of 
Bacillus polymyxa: Bacillus asterosporus 
Migula (As^asm asterospora Meyer, 
Flora, Erg. Bd., 84, 1897, 185; Migula, 
Syst. der Bakt., 2, 1900,528; Aerobacillus 
asterosporus Donker, loc. cit., 141), 
Bacillus ovoaethijlicus Pribram {Bacillus 
mycoides var. ovoaethylicus Wagner, 
Ztschr. f. Untersuch. d. Nahrungs- u. 
Genussmittel, 31, 1916, 234; Pribram, 
Klassifikation der Schizomyceten, Leip¬ 


zig und Wien, 1933, 86); Bacillus aero- 
.sporws.Greer, Jour. Inf. Dis., 1928, 
508. 

Gottheil (Cent. f. Bakt., II Abt., 7, 
1901, 727) regarded the following as syno¬ 
nyms: Bacillus lhalassophilus Russell, 
Ztschr. f. Hyg., 11, 1892, 190; Bacillus 
subanaerobius Migula, Syst. der Bakt., 
2, 1900, 600. 

Bredemann (Cent. f. Bakt., II Abt., 
23, 1909,45) admitted that the organisms, 
Bacillus asterosporus alpha. Bacillus 
dilaboides, and Bacillus clostridioides, 
named by Haselhoff and himself in an 
earlier article (Landwirtsch. Jahrb., 35, 
1906, 420, 426, 432) were merely variants 
of Bacillus asterosporus. 

The following is usually considered a 
variety or strain of Bacillus polymyxa 
differing from the latter mainly in the 
production of a violet pigment on potato 
and agar in the presence of peptone: 
Bacillus violarius aceionicus Brdaudat, 
Ann. Inst. Pasteur, 20, 1906, 874 {Aero¬ 
bacillus violarius Donker, Inaug. Diss., 


elft, 1926, 141). 

Also a probable synonym of 
jlymyxa is Bacillus amaracrylus Viose- 
jt (Bacille de Pamertume, Voisenet, 
ompt. rend. Acad. Sci., Paris, 153, 
HI, 363; Voisenet, Ann. Inst. Pasteur, 
?, 1918, 477; Aerobacillus amaracrylus 
lonker, loc. cit., 141). The chief charac- 
•r in which it differs from Bacillus 
ohjmyxa is its ability to dehydrate 
ycerol with the formation of acrolein. 
Also a probable variant of Bacillus 
olymyxa is Bacillus pandora Corbet 
four. Bact., 19, 1930, 321). The chief 
laracters in which f he latter differs from 
le former are the production of acid 
ithout gas from glucose and the lack o 

iastatic action. 

Spores: Ellipsoidal, 1.0 to 1.5 by 1.5to 
.5 microns, central to subterm.nal, 
sually thick and stainable. Freely 

’s^rangia: Swollen, spindle-shaped 
Clostridia), sometimes clavate. 

Rods: 0.6 tol.0 by2.5to6.0micmns. 
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occurring singly or in short chains. Colls 
contain small fat globules when grown on 
glucose nutrient agar. Motile with peri- 
trichous flagella. Gram-variable. 

Gelatin stab: Slow liquefaction. Hy¬ 
drolysis of gelatin always positive by 
Frazier technic. 

I 

Agar colonies: Thin, inconspicuous, 
lobed, spreading over entire plate. 
Rough forms are round, whitish, and 
sometimes tough. 

Agar slant: Growth scant to moderate, 
indistinct to whitish. On glucose agar, 
the growth is much heavier, raised, 
gummy, glistening; gas is formed. 

Hroth: Uniform to granular turbidity, 
floeculent to slimy sediment. Rough 
stage forms pellicle. Final pH of glucose 
broth cultures 5.2 to 6.8. 

Milk: Not coagulated, gas usually 
formed. 

Milk agar plate: Casein hydrolyzed. 
Potato: Growth moderate to abundant, 
whitish to light tan, potato decomposed 
w'ith formation of gas. Growth of rough 
stains is denser and heaped up. 

Nitrites arc produced from nitrates. 
Starch is hydrolyzed. Crystalline dex- 
trins arc not produced. 

Acid and gas (with ammoniacal nitro¬ 
gen) from arabinose, xylose, glucose, 
fructose, galactose, mannose, maltose, 
sucrose, lactose, trehalose, cellobiose, 
raffinose, melezitose, dextrin, inulin, 
salicin, glycerol, and mannitol. Gum is 
also usually formed. Erythritol, adoni- 
tol, dulcitol and inositol not fermented. 
With organic nitrogen no acid or gas from 
rhamnose or sorbitol (Porter, McCleskey, 
and Levine, loc. cil., also Tilden and 
Hudson, Jour. Bact., 43, 1942, 530). 
This, however, could not be confirmed by 
Smith, Gordoji, and Clark (loc. cil.) who 
found that acid and gas were produced 
from both carbohydrates. 

Hemicellulose and pectin are attacked 
(Ankersmit, Cent. f. Bakt., I Abt., 
Orig., 40, 1905, 100). In glucose broth, 
ethyl alcohol and butylene-glycol are 


produced also small amounts of acetone 
and butyl alcohol. 

Acetylmethylcarbinol is produced. 

Citrates usually not utilized as sole 
source of carbon. 

Optimum temperature about 30°C. 
No growth at 42'’C to 45°C; good growtii 
at 20T,slowat 13^0. 

Not agglutinated by Bacillus niacerans 
sera, re.sults with homologous sera irregu¬ 
lar (Porter, McCleskey, and Levine, loc. 
ciL). 

Aerobic, facultative. 

Source: First isolations were from 
grain, soil, and pasteurized milk. 

Habitat: Widely distributed in water, 
soil, milk, feces, decaying vegetables, etc. 

In addition see: Chester, Del. Agr. 
Exp. Station, 15th Ann. Report, 1903, G5; 
Wund, Cent. f. Bakt., I Abt., Orig., 4^, 
190G, 193, 289, 385; Wahl, Cent. f. Bakt., 
II Abt., 16, 1906, 489; Ritter, Cent. f. 
Bakt., II Abt., 20, 1908,21; Meyer, Cent, 
f. Bakt., I -Vbt., Orig., 40, 1909, 305; 
Brcdemann, Cent. f. Bakt., II .\bt., 23, 
1909, 41; Virtanen and Kurstom, Bio- 
chem. Ztschr., 161, 1925, 9; Stapp and 
Zycha, Arch. f. Mikrobiol., 2, 1931, 493; 
Zycha, Arch. f. Mikrobiol., 3, 1932, 194; 
Patrick, Iowa State Coll. Jour. Sci., 7, 
1933,407. 

10. Bacillus macerans Schardinger. 
(Rottebazillus 1, Schardinger, Wiener 
klin. Wochenschr., 17, 1904, 207; Schard¬ 
inger, Cent. f. Bakt., II Abt., 14, 
1905, 772; Aerobacillus macerans Don- 
ker, Inaug. Diss., Delft, 1926,139; Zymo- 
bacillus macerans IGuyver and Van Nicl, 
Cent. f. Bakt., II Abt., 94, 1936, 402.) 
From Latin macerans, softening, macer¬ 
ating or retting. 

Porter, McCleskey, and Levine, Jour. 
Bact., S3, 1937, 163, regard the following 
as a synonym of Bacillus macerans: 
Bacillus aceloethylicum Northrup, .4.shc, 
and Senior, Jour. Biol. Chem., 39, 1919, 
1 {Aerobacillus acetoethylicus Donker, 
loc. cit.). 

The following is probably a variant of 




722 


MANUAL OF DKTKUMINATIVE BACTEIUOLOGY 


Bacillus ynacerans: Aerobacillus schiiyl- 
killiensis Eisenberg, Jour. Amer. Water 
Works Assoc., 34, 1942, 365- It is said to 
differ from Bacillus macerans in that 
sorbitol is not fermented, hydrogen sul¬ 
fide is produced and gelatin is liquefied. 

Spores; Ellipsoidal, 1.0 to 1.5 by 1.5 to 
2.5 microns, terminal to subterminal; wall 
thick and stainable. 

Sporangia; Swollen terminally, clavate. 

Rods; 0.6 to 1.0 by 2.5 to 6.0 microns, 
occurring singly or in pairs, cells are larger 
on sugar media than on sugar-free media, 
and contain a few small fat globules. 
Motile. Gram-variable. 

Gelatin stab; Liquefaction variable 
(see optimum temperature). Gelatin is 
hydrolyzed as determined by the Frazier 
technic (30°C). 

.\gar colonies; Small, thin, transparent 
to whitish, irregular, usually smooth. 

Agar slant: Growth moderate, spread¬ 
ing, inconspicuous. 

Broth: Turbid, slight sediment. In 
sugar broths some strains produce slime. 
Glucose broth cultures, pH 5.0 to 5.5. 

Milk; Acid and gas. No visible 
peptonization. 

Milk agar plate: Casein not hydro¬ 
lyzed in one week; later usually slight 
hydrolysis. 

Potato: Growth indistinct, gas is 
formed and the potato is digested. 
Fruity odor sometimes produced. 

Nitrites produced from nitrates. 

Starch is hydrolyzed. 

Acid and gas from arabinose, rhamnose, 
xylose, glucose, fructose, galactose, man¬ 
nose, sucrose, maltose, lactose, trehalose, 
cellobiose, raffinose, melezitosc, dextrin, 
inulin, salicin, pectin, xylan, glycerol, 
mannitol, and sorbitol. Erythritol, 
adonitol, dulcitol, and inositol not fer¬ 
mented (Porter, McCleskey, and Levine, 
loc. cil.)' 

Produces acetone and ethyl but never 
butyl alcohol; ratio acetone to alcohol is 
1 : 2 . 

Acetylmethylcarbinol not produced. 


Citrates not utilized as sole source of 
carbon. 

Optimum temperature about 37*C. 
Good growth at 42® to 45®C and some¬ 
times slightly higher; poor growth, if any, 
at 20®C. 

Differentiated from Bacillus polymyxa 
by the production of crystalline dextrins 
from starch, lack of formation of acetyl- 
metliylcarbinol, and by growth at 42®C 
to 45®C. 

All strains agglutinated by homologous 
sera but not by Bacillus polymyxa seruia. 

Aerobic, facultative. 

For additional literature, see Porter, 
McCleskey and Levine, Jour. Bact., 55, 
1937, 180. 

Source: Originally isolated from vats in 
which flax was retting. 

Habitat: Widely distributed in soil, 
water, decomposing starchy materials, 
retting flax, etc. 

11. Bacillus circulans Jordan. (Jor¬ 
dan, Exp. Inv., Mass. State Board 
Health, Part II, 1890, 831; Bacterium 
circulans Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 9, 1897, 92; also see 
Ford, Jour. Bact., 1, 1916, 519.) From 
Latin circulans, making round or 
circular. 

Smith, Gordon, and Clark (loc. cil.) 
consider Bacillus circufons as a complex 
(see also Gibson and Topping, Soc. Agric. 
Bact. (British), Abstr. Proc., 1938, 43) 
because of the variations in the character 
of the growth and quantitative differences 
in physiology. All stages of growth may 
be found from the smooth actively motile 
strains that have motile colonies to the 
mucoid, non-spreading strains. The spe¬ 
cies is more saccharolytic than proteo¬ 
lytic, considerable variation being 
in its action on gelatin and casein. The 
following are regarded as variants: Bacif- 

ius c/osferoidcs Gray and Thornton, en 

f.Bakt.,IIAbt.,75,1928,93; Bewegungs- 
typus schwarmender Bakterien, Riws* 
Munger, Cent. f. Bakt., I Abt., Orig-, 
142, 1938, 175; Bacillus krzemieniemfct 
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Ivleczkowska, Norman and Snieszko, 
Soil Sci., 4-9,1940,185 (a mucoid variant). 

Also probable variants: Bacillus plains 
Soriano, Thesis, Univ. Buenos Aires, 
1935 , 572; Bacillus naviformis Soriano, 
ibid., 574 (not Bacillus navifonnis 
Jungano, Comp. rend. Soc. Biol., Paris, 1, 
1900, 122). 

Spores: Ellipsoidal, 0.8 to 1.2 by 1.1 to 
2.0 microns, terminal or subterminal. 
Spore wall thick and stainable. In some 
strains spores may be kidney-shaped and 
remnants of sporangium may adhere. 

Sporangia: Swollen terminally, clavate. 

Rods: 0.5 to 0.9 by 2.0 to 5.0 microns, 
sometimes curved, usually occurring 
singly. Cells contain small fat globules 
when grown on glucose agar. Motile, 
some strains exceedingly so. Gram- 
variable, usually negative. 

Gelatin stab: Slow cone-shaped lique¬ 
faction, liquefied portion evaporating 
(Jordan); no liquefaction (Ford). Gela¬ 
tin hydrolyzed if tested by the Frazier 
method. 

.\gar colonies: Thin, transparent, 
spreading over entire surface of plate. 
Often nearly invisible. The colonies of 
the rougher or mucoid strains are small, 
entire, whitish, non-spreading. 

Giant agar colonies : If the surfaces of 
agar plates are dried before inoculation 
with very motile strains, instead of 
spreading as a thin layer of individual 
cells, minute rotating colonies proceed 
out from the edge of the colony, some¬ 
times becoming entirely disconnected 
from it. In moving out across the agar 
surface, non-motile cells are left behind. 
These may grow later. Eventually the 
Vr’hole plate is covered. 

Agar slant: Growth thin, transparent, 
spreading, becoming denser. Mucoid 
strains are dense, non-spreading, entire, 
gummy and adherent. 

Broth: Light to fair turbidity with 
flocculent to slimy sediment. Some 
strains do not grow perceptibly. In glu¬ 
cose broth cultures the final pH is usually 
5.0 to 5.8. 


Milk: Usually acid, slowly coaguhifcd. 

Milk agar plate: Casein not hydro¬ 
lyzed. Weak hydrolysis with some 
strains. 

Potato: Growth is very variable, from 
none to good growth, from colorless to 
yellowish, pink, or brownish. 

Nitrites usually produce<l from 
nitrates. 

Starch is hydrolyzed. Crystalline dex- 
trins usually not formed. 

Acid without gas (with ammoniacal 
nitrogen) from glucose, fructose, man¬ 
nose, galactose, sucrose, maltose, raffi- 
nose, salicin, and dextrin. Usually acid 
from arabinosc, xylose, lactose, glycerol, 
and mannitol. Reaction variable with 
rhamnose and inulin. 

.\cetylmethylcarbinol not produced. 

Citrates usually not utilized. 

Methylene blue reduced and then 
reoxidized. 

Urease produced by some strains. 

Optimum temperature about 30“C^ 
Maximum temperature allowing growth, 
40‘’C to 48“C. .V few strains will grow 
up to 52°C. 

This species is closely related to Bacil¬ 
lus macerans from which it is distin¬ 
guished by the lackofgas formation from 
carbohydrates and the lack of crystalline 
dextrins from starch. It is also close to 
Bacillus alrei as indicated by the key. 

Source: Found occasionally in tap 
water, Lawrence, Mass. (Jordan). 

Habitat: Widely distributed in soil, 
water, and dust. 

12. Bacillus alvei Cheshire and 
Cheyne. (Jour. Roy. Mic. Soc., Ser. II, 
5, 1885, 592.) From Latin alreus, bee¬ 
hive. 

Probably identical with the above: 
Bacillus paraalvei Burnside, Amer. Bee 
Jour., 72, 1932, 433; Burnside and Foster, 
Jour. Econ. Entomol., 28, 1935, 578. 

Spores: Ellipsoidal, 0.7 to 1.0 by 1.5 to 
2.5 microns, central to terminal. Free 
spores frequently lie in parallel arrange¬ 
mentlike the rods. 
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Sporangia; Swollen, spindle-shaped to 
olavate. 

Rods; 0.5 to O.S by 2 to 5.0 microns. 
Cells frequently lie parallel, side by side, 
like cartridges in a clip. Usually non¬ 
capsulated and very motile. Few small 
fat globules in cells from glucose agar. 
Gram-variable (young cells Gram-posi¬ 
tive, becoming Gram-negative). 

Gelatin stab: Slow liquefaction. 

Agar colonics: Thin, translucent, 
smooth, quickly spreading as a thin layer 
over entire plate. The growth thickens 
with age. Rough and mucoid strains do 
not s])rcad. 

Giant agar colonies: If the surfaces of 
agar plates arc dried before inoculation 
with the motile strains, instead of spread¬ 
ing as a thin layer, minute bullet-shaped 
colonies proceed out from the edge of the 
colony and move across the sterile agar. 
Non-motile and sometimes motile cells 
are left behind along the path made by 
the motile colony (Smith and Clark, 
Jour. Bact., 35, 1938, 59). Eventually 
the whole plate is covered. 

.\gar slant: Growth thin, inconspicu¬ 
ous, spreading, becoming thicker. Rough 
and mucoid strains do not spread, growth 
is heaped, and sometimes gummy. 

Broth: Uniform turbidity. Rough 
strains may form a pellicle. Glucose 
broth cultures have a pH of 5.0 to 6.0. 

Milk: Usually coagulated, little or no 
acid, peptonized. 

Milk agar plate: Casein hydrolyzed. 
Potato: Growth scant to moderate, soft, 
spreading, usually creamy yellow. 
Nitrites not produced from nitrates. 
Starch is hydrolyzed. 

Acid (with anunoniacal nitrogen) from 
glucose, fructose, galactose, sucrose, 
maltose, dextrin and glycerol. Reaction 
variable on mannose, lactose, raffinose, 
salicin, and mannitol. No acid from 
arabinose, rhamnose, xylose, and inulin. 
Acetylmethylcarbinol is produced. 
Citrates not utilized. 

Optimum temperature about 30®C. 


Maximum temperature allowing growth 
43°C to 45“C. 

Putrefactive odor on media rich in 
proteins (egg). 

Aerobic. 

Source: Isolated from diseased brood of 
bees. 

Habitat: Associated with European 
foulbrood of honey bees; widely distrib¬ 
uted in soil. 

Note: The following must be con¬ 
sidered in connection with Bacillus alvei: 

Bacillus pluton White. (U. S. Dept, 
of .‘Vgric., Bur. Entomol., Circ. 157,1912; 
Diplococcus philon Bergey et al., Manual, 
2nd ed., 1925,45.) 

See also Lochhead, Science, 67, 1928, 
159 and Proc. IV Intern. Congr. Entomol 
1929, 1005; Burnside, Jour. Econ. 
Entomol., 27, 1934,656; Tarr, Ann. Appl. 
Biol., 54, 1935, 614; Burri, Beihefte z. 
schweiz. Beinenz., I, Heft 1,1941. 

White considered Bacillus pluton to be 
the cause of European foulbrood though 
the evidence was indirect since theorgan- 
ism was not cultivated. Lochhead sug¬ 
gested that Bacillus pluton and Strepto¬ 
coccus apis are variants or stages in the 
life history of Bacillus alvei, a hypothesis 
supported by Burnside who included, in 
addition. Bacterium eurydice. Accord¬ 
ing to Burri, rod forms identical with 
Bacterium eurydice give rise to Bacillus 
pluton which is not directly cultivable. 
Tarr considers European foulbrood to be 
caused by Bacillus pluton, distinct from 
Bacillus alvei, and considers it a strict 
parasite able to multiply only in t e 

intestines of young larvae. 

Source: Larvae of the honey bee in¬ 
fected with European foulbrood. 


13. Bacillus laterosponis Laubach. 
(Jour. Bact., 1, 1916, 511.) From Latm 
latus, lateris, the side; Greek sponis, 


ed; M.L., spore. 

Synonym: Bacillus orpheus WhUe. 
J. S. Dept, of Agric., Bur. Entomol. 

irc. 157, 1912, 3.) Although 
hite, the organism was not describe 
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until 1917 (McCray, Jour. Agr. Research, 

1917,410). Resembles Bacillus latero- 
sporus (White, U. S. Dept, .\gric. Bull. 
810,1920,14). According to the rules of 
priority, the name to be used is Bacillus 
lalcrosporus. 

Spores: Ellipsoidal, 1.0 to 1.3 by 1.2 to 
1.5 microns, central to subtcrminal, 
formed close to one side, remnants of the 
sporangium adhering to the other side. 

Stwrangia: Swollen, spindle-shaped. 

Rods: 0.5 to O.S by 2.0 to 5.0 microns, 
occurring singly and in pairs. Ends 
pointed or poorly rounded. Cells from 
glucose nutrient agar may have few small 
fat globules. Motile. Gt-vam-variable. 

Gelatin stab: Slow liquefaction. 

Agar colonies: Thin, transparent, irreg¬ 
ular, spreading. Colonies of rough 
strains are small, round, eonvex, non¬ 
spreading. 

Agar slant: Growth moderate, flat, 
translucent to opaque, moist, sometimes 
with a silvery sheen. 

Broth: Uniform to granular turbidity; 
usually no pellicle. Glucose broth cul¬ 
tures, pH 6.0 to 6.4. 

Milk: Usually curdled, peptonized. 

Milk agar plate: Occasionally weak 
hydrolysis of casein. 

Potato: Growth thin, spreading, gray¬ 
ish to pinkisli, turning light brown with 
age. Sometimes finely wrinkled. 

Nitrites produced from nitrates. 

Starch is not hydrolyzed. 

Acid (with arnmoniacal nitrogen) from 
glucose, fructose, maltose, glycerol, and 
mannitol. Reaction variable on galac¬ 
tose, mannose, and salicin. No acid from 
arabinose, rhamnose, xylose, sucrose, 
lactose, raffinose, inulin, and dextrin. 

Acetylmethylcarbinol not produced. 

Citrates not utilized as sole source of 
carbon. 

Optimum temperature about 28'’C. 
Maximum temperature allowing growth 
37"C to 46''C. 

Aerobic. 

Source :J8olated from water. 

Habitat: Widely distributed in soil, 
water and dust. 


14. Bacillus brevis Migula emend. 
Ford. (Bacillus No. I, Fliigge, Ztsohr. f. 
Hyg., 17, 1804, 204; Bacillus laclis No. I, 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aulb, 2, 1806, 208; Migula, Syst. d. 
Bakt., 2, 1000, 583; not Bacillus brevis 
Frankland and Frankland, Microorgan¬ 
isms in Water, 1804, 129; Bacillus Jluyrjci 
Chester, Man. Determ. Bact., 1901, 281; 
Ford, Jour. Bact., 1, 1916, 522.) From 
Latin brevis, short. 

Synonym: Bacillus centrosporus Ford, 
Jour. Bact., /, 1016, 524. 

There is some doubt as to the identity 
of Migula’s Bacillus brevis which origi¬ 
nally was Fliigge’s Bacillus No. I. Neide 
(Cent. f. Bakt., II Abt., 12, 1004, 337) 
also renamed Fliiggc’s organism. He 
called it Bacillus laclis and described it 
sufficiently that it may he recognized as 
astrainof Bacillus ccrcus. Ford believed 
that Ids isolations from milk, soil and dust 
conformed to Migula’s description of 
Bacillus brevis. Ford’s interpretation 
lias been accepted. The species has ap¬ 
parently become well established in 
Europe (Gibson and Topping, Soc. Agric. 
Bact. (British), AKstr. Proc., 1938, 43) 
as well as in .Vmeriea. 

Description from Ford and from Smith, 
Gordon, and Clark {loc. cit.). 

S^wres: Ellipsoidal, 1.0 to 1.3 by 1.5 to 
2.0 microns, central to subtcrminal. 
Spore walls thick and stainable. An 
occasional strain shows the relationship 
of this species to Bacillus laterosporus in 
that some of the spores may be lateral and 
remnants of the sporangia may adhere to 
one side of the spore. 

Sporangia: Definitely swollen, spindle- 
shaped to clavate. 

Rods: 0.4 to 0.8 by 1.5 to 5.0 microns, 
with pointed ends, occurring singly or in 
pairs. On glucose agar cells contain 
numerous small fat globules. Motile. 
Gram-variable. 

Gelatin stab: Slow liquefaction. 

Agar colonies: Thin, flat, translucent, 
smooth, quickly spreading over plate. 

Agar slants: Growth smooth, moist, 
spreading, grayish white. 
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Broth: Usually heavy uniform tur¬ 
bidity, sometimes with a fragile pellicle. 
Glucose broth cultures have a pH of 8.0 
to 8.6 after 7 days. 

Milk: Peptonized. 

Milk agar plate; Casein hydrolyzed. 
Potato: Growth scant to moderate, 
flat, spreading, soft, creamy-yellow to 
pink to brownish. 

Nitrites usually formed from nitrates. 
Starch is not hydrolyzed. 

Acid (with ammoniacal nitrogen) from 
glucose, fructose, maltose, and sucrose. 
Usually acid from galactose and glycerol. 
Reaction is variable on rhamnose and 
mannitol. No acid from arabinose, 
xylose, mannose, lactose, raffinose, inulin, 
dextrin and salicin. 

With organic nitrogen, the acid formed 
from carbohydrates is masked by the 
alkalinity due to proteolj'sis. 

.‘Vcetylmcthyicarbinol is not produced. 
Citrates usually utilized as asole source 
of carbon. 

Optimum temperature about 30®C. 
Maximum temperature allowing growth 
varies from 43®C to 54®C. 

Produces antibiotic substances (tyro- 
thricin, gramicidin; see Dubos and 
Hotchkiss, Jour. Exp. Med., 73, 1941. 
629). 

Aerobic. 

Source: From milk (Flugge); from 
milk, soil and dust (Ford). 

Habitat; Widely distributed in soil, 
water, dust, milk, etc. 

15. Bacillus larvae White. (Bac¬ 
terium X, Moore and White, New York 
State Dept. Agr., 11th Ann. Kept. Com. 
Agr. for 1903, 1904, 111; Bacillus X. 
Moore and White, ibid., Kept, for 1904, 

1905, 106; White, Thesis, Cornell Univ., 
Ithaca, N. Y., 1905; White, U. S. Dept. 
Agr. Bur. Entomol., Tech. Ser. Bui. 14, 

1906, 32; White, U. S. Dept. Agr. Bui. 
809, 1920, 13.) From Latin larva, a 
ghost; M. L., of a larva. 

Synonyms: Bacillus brandenburgiensis 
Maassen,Mittl.a. d. kaiserl. biol. Anstalt 
f. Land- u. Forstw. in Dahlem, Heft 2, 


1906, 28; ibid., Heft 7, 1908, 24 pp.; Arb, 
a. d. Anstalt f. Land- u. Forstw., 6, 1908. 
61; Bacillus burri Cowan, British Bee¬ 
keeper’s Guide Book. 20th ed., London, 
1011, 171. 

Description from Lochhead, Sci. Agr., 
9, 1028,84. 

Spores: Ellipsoidal, central to sub¬ 
terminal. 

Sporangia; Swollen, spindle form. 

Rods: 0.5 to 0.8 by 2.5 to 5.0 microns, 
occurring singly and in chains. Motile. 
Gram-variable. 

Gelatin stab: No growth. In carrot- 
gelatin, slow liquefaction. 

Yeast -carrot agar colonies: Small, whit¬ 
ish, somewhat transparent, smooth, 
slightly glistening. 

Agar slant: No growth. With addition 
of carrot extract, noticeable growth along 
line of inoculation. More abundant 
growth if yeast extract is also added. 

Yeast-carrot broth: Fungoid in appear¬ 
ance, floating masses which may be 
broken up by shaking to produce a uni¬ 
form clouding. 

Carrot-milk; Acid with curdling. No 
peptonization. 

Potato: No growth. 

Nitrites formed from nitrates (sec 
Lochhead, Can. Jour. Res., C, 15, 1937, 

79). ^ , 

Starch not hydrolyzed (carrot-starch 


gar). ' .. 

Acid (in yeast extract-peptone brothj 

rom xylose, glucose, fructose, galactose, 

alicin. Slight acidity by some strains 

rom lactose and sucrose. No acid from 

lannitol or dulcitol. 

Thiamin replaces the growth factor in 
cgetable or yeast extracts, etc. (Locn- 
ead, Jour. Bact., Ut 1^42, 

Optimum temperature , 

laximum temperature about 45 L. 
Source: From diseased brood. 

Habitat: Causal organism of Amen 

oulbroodof honey bees. ' 

See in addition; White. Science, 
919,362; Sturtevant, Jour. Agr. . ' 
924, 129; Borchert, Die „ .j 

CrankheiUn der Honigbiene. Berlin, 
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1926; Sturtevant, Jour. Agr. Ucs., ^5, 
1932 , 257; Hitchcock, Jour. Econ. Ento- 
mol., 29, 1936, 895; Stoilowa, Cent. f. 
Bakt., II Abt., 99, 1938, 124; Tarr, Ann. 
Appl. Biol., 25, 1938 , 633; Holst and 
Sturtevant, Jour. Bact., 40 , 1940, 723. 

16. Bacillus popilliae Dutky. {Jour. 
Agr. Research, 61, 1940, 59.) From the 
genus name of the Japanese beetle, Popil- 
lia japonka Xewin. 

Spores: Cylindrical, 0.9 by 1.8 microns, 
central. Free siK)res have not been 
observed. 

SiK)rangia: Swollen, spindle-shaped. 
Contains a refractile body at the broader 
I>oleof the cell which is about half the size 
of the spore and reacts similarly to stains. 

Rods: Unstained, 0.9 by 5.2 microns. 
Stained by crystal violet after fixing in 
Schaudiiin’s solution, 0.3 by 3.5 microns. 
Non-motilc. Gram-positive. 

Unheated egg yolk-beef infusion agar 
slants: Growth occurs as small discrete 
colonies. 

Optimum temperature about 30®C. 
Maximum temperature about 36®C. 
Aerobic, facultative. 

Source: From infected larvae. 

Habitat: Cause of type A milky disease 
of Japanese beetle, Popillia japonka. 
See Hawley and White, X. Y. Ent. Soc. 
Jour., 43, 1935, 405. 

17. Bacillus lentimorbus Dutky. 

(Jour. Agr. Res., 6t, 1940, 65.) From 
Latin lentus, slow, lingering, and morbus, 
death. 

Spores: Ellipsoidal, 0.9 by 1.8 microns, 
central. 

Sporangia: Swollen, spindle-shaped. 
Xo refractile granule at pole. 

Rods: Unstained, 1.0 by 5.0 microns. 
Stained by crystal violet after fixing in 
Schaudinn’s solution, 0 5 by 4.0 microns. 
No growth on artificial media. 

Optimum temperature about 25®C. 
Maximum temperature about 30®C. 
Aerobic, facultative. 

Source: Diseased larvae. 


Habitat: Cause of type B milky disca.se 
of Japanese beetle, Popillia japonka. 

18. Bacillus sphaerlcusNeide. (Cent, 
f. Bakt., II Abt., 12, 1904, 350.) From 
Latin sphacricus, spherical. 

Neide {loc. cit.) gave the following as 
possible synonyms: Bacillus (Streplo- 
bacter) albuminus Schrocter, in Cohn, 
Kryptogamenflora von Schicsicn, S, 1, 
1886,162; Bacillus putrificus coli Fliigge, 
Die Mikroorganismen, 2 Aufl., 1886, 303; 
Bacillus gracilis Zimmermann, Die Bak- 
terien unserer Trink- u. Nutzwiisser, 
etc., 1, 1890, 50 {Bacterium gracile Ches¬ 
ter, Man. Determ. Bact., 1901, 198); 
Bacillus butyricus Botkin, Ztschr. f. 
Hyg., 11, 1892, 421; Bacillus thalas- 
suphilus Russell, Ztschr. f. Hyg., ll, 
1892, 190; Bacillus pseudotetanicus aero- 
bius Kruse, in Fliigge, Die Mikoorganis- 
men, 3 Aufl., 2, 1896 , 267 {Bacillus pseu- 
dotelanicus Migula, Syst. der Bakt., 2, 
1900, 626; not Bacillus pseudotetanicus 
Kruse, idem; not Bacillus pseudotetanicus 
Chester, Man. Determ. Bact., 1901, 302; 
Bacillus pseudotetanicus var. aerobius 
Chester, ibid., 303); Plcclridium palu- 
dosum Fischer, Jahr. f. Wiss. Bot., 27, 
1895, 147; Pseudotetanicusbacillus, 

Tavel, Cent. f. Bakt., I Abt., 23, 1898, 
538 {Bacillus pseudoletani Migula, Syst. 
der Bakt., 2, 1900, 598; Bacillus taveli 
Chester, loc. cit., 304). 

Also apparently identical with Bacillus 
sphaericus: Bacillus subtetanicus Migula, 
Syst. der Bakt., 2, 1900 , 629; Bacillus 
lactimorbus Jordan and Harris, Jour. 
Amer. Med. Assoc., 60, 1908, 1669 (see 
also Jour. Inf. Dis.,6', 1909,465); Bacillus 
serosilidis Lacorte, Memorias do Instit. 
Oswaldo Cruz, 26, 1932, 1. 

There has been considerable confusion 
over the correct name to be applied to the 
non-pathogenic aerobic organisms re¬ 
sembling Closfridium lefam. Kruse {loc. 
cit.) isolated his cuture of Bacillus 
pseudotetanicus aerobius from a case of 
human tetanus. It w’as aerobic at ordi¬ 
nary temperatures but produced spores 
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only at higher temperatures and under 
anaerobic conditions. Migula called 
this Bacillus pseudotetanicus. Ford 
(Jour. Bact., 1, 1916,520) stated that this 
name had priority over Xeide’s Bacillus 
sphaevicus ^vhich he thought ^as iden¬ 
tical. On the other hand, Tavel (?oc. 
cit.) isolated a pseudotetanus bacillus 
that was apparently anaerobic. Its 
spores were ellipsoidal and it formed 
more gas than the tetanus bacillus, 
iligula named this organism Bacillus 
pseudolctani. Subsequently both of 
Migula’s names have been applied to 
the aerobic organism. Bacillus pseudo¬ 
tetanicus and Bacillus pseudotetani are 
nomi/ia dubia and Bacillus sphaericus 

should therefore be used. 

Spores: Spherical, 0.7 to 1.3 microns in 
diameter, terminal to subterminal. 
Young spores in sporangia may be oval. 
Spore wall thick; remnants of sporangium 
may adhere. 

Sporangia: Definitely swollen, clavate 

to spindle-shaped. 

Hods: 0.6 to 1.0 by 1.5 to 7.0 microns, 
occurring singly or in short chains. On 
glucose agar cells contain few small fat 
globules. Motile. Gram-variable;often 
Gram-negative with Gram-positive 

granules. 

Gelatin stab: Scant growth. No lique¬ 
faction. Gelatin hydrolyzed if tested by 

the Frazier technic. 

Agar colonies: Small, thin, flat, translu¬ 
cent, often spreading over the plate. 

Giant agar colonies: If the surface of 
the agar is fairly dry, many strains exhibit 
minute colonies that swarm out from the 
point of inoculation and cover the plate 
(cf. Bacillus alvei and Bacillus circulans). 

Agar slants: Growth thin, smooth, 
spreading, translucent, becoming yellow¬ 
ish-brown. Growth occurs at pH 6.0. 

Broth: Uniform turbidity. Glucose 
broth cultures have pH of 8.3 to 8.6 after 

7 days. 

Milk: No change. 

Milk agar plate: Scant, if any, hydro¬ 
lysis of casein. 


Potato : Growth scant, thin, spreading, 
soft, gray, becoming yellowish-brown 
with age. 

Nitrites not formed from nitrates. 
Starch not hydrolyzed. 

No acid from carbohydrates. 
.'Vcetylmethylcarbinol not produced. 
Citrates not utilized. 

Urease not formed. 

Salt tolerant. Growth occurs in broth 

containing 4 per cent NaCl. 

Optimum temperature about 30®C. 
Maximum temperature allowing growth 
40°C to 45"C. 

Not pathogenic for guinea pigs. 
Aerobic, facultative. 

Source: From mud of a pond, rotting 
cypress wood, rotting oak wood, and from 

soil. 

Habitat: Widely distributed in nature. 
Bacillus rotans Roberts (Jour. Bact., 
29, 1935, 229) differs from Bacillus 
sphaericus in that it will not grow as low 
as pH 6.0 nor in broth containing 4 per 
cent NaCI. Originally characterized by 
motile colonies, this phenomenon has 
been noted with certain other members 
of the genus and with some strains of 
Bacillus sphaericus. Smith, Gordon, 
and Clark (ioc. cii.) consider it a variety 

of Bacillus sphaericus. 

Source: From intestine of a termite. 
Habitat: Probably widespread in sod. 


18a. Bacillus sphaericus var.^ /u«i- 
drmis comb. nov. {Bacillus 
3ottheil, Cent. f. Bakt., II Abt., 7,1901, 

•24.) From Latin/usws, spindle ;/ormt5, 

This organism differs from Bacillus 
‘.phaericus only in that it produces urewe. 

Source: One strain isolated from Beta 
mlgaris lutea (beet). Also from milK, 
lust, soil and contaminated hirudin. 
Habitat: Widely distributed m nature. 
Bacillus loehnisii Gibson (Jour. Bact., 
1935,495) is very closely related to 
ibove. It will not grow at pH 6 0 o 

below, prefers media “■'‘“"‘“8 
,nd produces nitrites fmm n.trat^ 
Gibson {loo. oil., 500) in discussing the 
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organisms of this group stated “each 
species contains strains dissimilar in 
several features and each is connected to 
theothers by transitional forms". Smith, 
Gordon, and Clark {loc. cit.) tentatively 
have placed it as a variety of Bacillus 
sphaericus. 

Source: From soil. 

Habitat: Widely distributed in soil. 

19. Bacillus pasteuril (Miquol) Ches¬ 
ter. {Urobacillus pastevrii Miquel, Ann. 
Micrograpliie, 1S80 , 552; sive Bacillus 
ureaca,ibi(l.,2, 1891), 13, 53, 122, 145,307, 
488; Chester, Ann. Hept. Del. Col. Agr. 
Exp. Sta., 10, 1898, 110.) Named for 
the French scientist, Louis Pasteur 
(1822-1805). 

Viehover, Cent. f. Bakt., II Abt., 39, 
1913, 209, gave the following as ixissible 
synonyms: Urobacillus maddoxii Miquel, 
Ann. Micrograpliie, 3, 1891, 275 and 305 
{Bacterium maddoxi Chester, Ann. Rept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 98; 
Bacillus maddoxi Cliester, ibid., 10, 
1898, 110); Urobacillus Icuhei Beijerinck, 
Cent. f. Bakt., II Abt., 7, 1901,51. 

Synonyms according to Gibson, Jour. 
Bact., S9, 1935, 494 and 406: Bacillus 
pro6aOisViehovcr,Cent.f.Bakt., II Abt., 
39, 1913, 209; Urobacillus psi/cftrocar- 
tericus and Urobacillus hesmogenes Ru- 
bentschik. Cent. f. Bakt., II Abt., 66, 
1925, 166 {Bacillus psychrocartericus and 
Bacillus hesmogenes Bergey et al., Man¬ 
ual, 3rd ed., 1930, 403, 404). Gibson also 
included the following as possibly identi¬ 
cal with the above although they were 
incompletely described: Bacillus ureae II 
and III Burri, Herfeldt and Stutzer, 
Jour. Landw., 43, 1894, 329; Urobacillus 
duclauxii Miquel, Ann. Micrographie, 2, 
1890, 53, 122, and 145; Urobacillus mad¬ 
doxii Miquel, ibid., S, 1891, 275 and 305. 

Description taken from Lohnis and 
Kuntze, Cent. f. Bakt., II Abt., 20, 1908, 
684; Gibson, Jour. Bact., 28, 1934,295 and 
313; Smith, Gordon, and Clark {loc. cit.). 

This species has been designated as 
the type species of the genus Urobacillus 
Miquel (Ann. de. Micrographie, 1, 1889, 


517) by Enlows (U. S. Pub. Health Ser., 
Hyg. Lab. Bull. 121, 1920, 96). 

Spores: Spherical, 1.0 to 1.2 microns, 
terminal to subterminal. 

Sporangia: Prevailingly clavate. Not 
in chains. 

Rods: 0.7 to 0.8 by 1.5 to 2.0 microns 
(1.0 to 1.5 by 4.0 to 5.0 microns, Lohnis 
and Kuntze), occurring singly or in pairs. 
Motile. Gram-variable. 

Urea gelatin stab: Slow liquefaction. 

Urea agar colonies: Small, entire, not 
characteristic. 

Urea agar slope: Growth thin, very 
little spreading, colorless or white to 
yellowish. Will not grow at pH 6.0 or 
less. 

Urea broth; Moderate to heavy uni¬ 
form turbidity. Will grow with 4 per 
cent NaCl added. 

Nitrites produced from nitrates in urea 
nitrate nutrient broth. 

Starch not hydrolyzed. 

Carbohydrates not attacked. 

Acetylmethylcarbinol not formed. 

Urease produced. 

Optimum temperature about SO^C, 
minimum 6®C. Maximum temperature 
allowing growth 40®C in water batli. 
Optimum temperature for urease activity 
50"C. 

Aerobic. 

The distinguishing character of this 
species is that growth occurs only in 
peptone media containing urea or free 
ammonia under neutral or alkaline 
conditions. 

Source; From decomposing urine. 

Habitat: Widely distributed in soil, 
dust, manure, and sewage. 

20. Bacillus thermoamylolytlcus Cool- 
haas. (Cent. f. Bakt., II Abt., 75, 1928, 
344.) From Greek thermos, hot, amylon, 
starch, and lytikos, able to loose; hence, 
dissolving. Probably intended to mean 
thermophilic and starch digesting. 

Spores: Slightly elongated, ellipsoids 
0.6 by 1.5 microns, central. 

Sporangia: Cylindrical, not swollen, 
not in chains. 
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Rods: 0.6 by 5 to 8 microns. Motile. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies: At 60°C of two types, 
large and small, circular, translucent, 
granular, slimy. 

Broth: Very weak growth, no surface 
growth, no sediment. 

Milk: Not coagulated, slowly pepton¬ 
ized. 

Potato: Slight growth. 

Nitrites produced from nitrates. 

Starch‘actively hydrolyzed. 

Acid and gas from glucose, fructose, 
galactose, maltose, dextrin, starch and 
glycerol. Arabinosc, xylose and manni¬ 
tol not fermented 

Thermophilic, optimum temperature 
50® to 55®C. 

Aerobic. 

Source: From sewage. 

Habitat: Probably in decaying matter. 

21. Bacillus kaustophilus Prickett. 
(N. Y. .\gr. Exp. Sta. Tech. Bui. 147, 
1028, 38.) From Greek kaustds, burnt, 
red-hot; philos, loving; heat-loving. 

Spores: Ellipsoidal, 0.5 by 0.6 to 0.8 
micron, terminal to subtcrminal. No 
free spores observed. 

Sporangia: Only slightly swollen if at 

all. 

Rods: On yeast extract-nutrient agar 
at 56®C, 0.7 by 2.0 to 4.5 microns, with 
rounded ends. Actively motile. Gram¬ 
positive. 

Gelatin stab: No growth at 20'’C. 
Liquefied at 56°C. 

Agar colonies: At 56®C, circular, con¬ 
vex, smooth. Borders entire to irregular. 
Show curled structure, strands of chains. 
Brown by transmitted light. 

Agar slant: Growth abundant, raised, 
glistening, contoured, bluish-green to 
bluish-white by transmitted light. ^ After 
three weeks at 37®C, growth has a distinct 
reddish-brown color, butyrous, viscid. 

Broth: Slightly turbid, no sediment. 
No surface growth, alkaline. 

Litmus milk: Rennet coagulum, pep¬ 
tonization feeble, litmus reduced. 


Po tato: Amount of growth variable, 
brownish, spreading, glistening, slimy- 
Some strains do not grow. 

Nitrites produced from nitrates, often 
with the production of nitrogen. 

Starch is hydrolyzed. 

Acid from glucose and salicin. Rham- 
nose, maltose, sucrose, raffinose, manni¬ 
tol, sorbitol and inulin not fermented. 

Acetylmethylcarbinol not produced. 

Thermophilic, optimum temperature 
60®C to 65®C. Growth at 73®C to 75°C 
but none at 80®C on agar slants. 

Aerobic, facultative. 

Good growth occurs in synthetic media 
containing potassium nitrate, sodium 
ammonium phosphate, aspartic acid, and 
sodium asparaginate, respectively, as 
only sources of nitrogen with glucose as 
source of carbon. 

Source: Forty-eight cultures isolated 
from pasteurized milk at a single milk 

plant (Buffalo, N.Y.). 

Habitat: Probably originally from soil 

and dust. 

Thermobacillus digestans Feirer (Soil 
Sci., 23, 1927, 50) seems to be closely 
related to the preceding. It is more 
strongly proteolytic, digesting milk com¬ 
pletely in 7 days. 

Source: Four strains isolated from soil. 


21a. Bacillus pepo Shaw. (Jour. Inf- 
Dis., 45, 1928, 473.) From Cucur6i(o 

pepo, the pumpkin. . 

From the brief original description, 

this organism seems to vary from BactUus 
kauslophilus only in its distinctive viscid 

or slimy character. 

Source: Two cultures isolated from 

swelled cans of pumpkin. 

Habitat: Probably found in soil and 

dust. 


22. Bacillus thermoindifferens VVem 
rl. (Jour. Med. Research, S9, 

)2.) From Greek thermos, hot an 
atin indifferens, indifferent. Indiff 

nt to or tolerant of heat. . 

Spores: Ellipsoidal, 0.5 by 0.8 

^rminal. 
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Sporangia: Cylindrical, not swollen. 

Rods; 0.7 by 2.0 to 4.5 microns, occur¬ 
ring singly and in short chains, with 
rounded ends. Motile. Gram-jx)sitive. 

Gelatin stab: Growth filiform. Slow 
infundibuliform liquefaction. 

Agar colonies: Circular, convex, 

smooth, entire, amorphous. 

Agar slant: Growth fiat, spreading, 
glistening, translucent, butyrous, con¬ 
toured. 

Broth: Turbid, abundant sediment. 
No surface growth. 

Litmus milk: Alkaline. Litmus 

reduced. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Starch is hydrolyzed. 

Acid from glucose. No acid from 
lactose, sucrose or mannitol. 

Thermophilic, optimum temperature 
55®C. Grows at 20° to 37°C. 

Aerobic. 

Source: Isolated from canned pumpkin. 

Habitat: Probably found in soil and 
dust. 

Thermobacillus reductans Feirer (Soil 
Sci., S3, 1927, 51) is said to resemble 
Bacillus thermoindifferens except that 
nitrites are formed from nitrates and the 
minimum temperature is 40°C. 

Source: Two strains isolated from soil. 

Thermobacillus calenalus Feirer (Soil 
Sci., S3, 1927, 53) may be related to this 
group. The description is very incom¬ 
plete. Its distinctive feature is the 
production of indole. 

Source: Two strains isolated from soil. 

23. Bacillus thermodiastatlcus Ber- 
gey et al. (Type 1, Bergey, Jour. Bact., 
4, 1919, 301; Bergey et al’.. Manual, 1st 
ed., 1923, 310.) From Greek thermos, 
hoi and diastalikos, separative; M. L., 
enzymatic, diastatic; hence diastatic at 
high temperatures. 

Spores: Of less diameter than that of 
the rods, ellipsoidal, central. 

Sporangia: Cylindrical. 

Rods: 0.6 to 0.7 by 2 to 3 microns, 


occurring in chains, with square ends. 
Motile with peritrichous flagella. Gram¬ 
positive. 

Gelatin stab: Liquefaction. 

Agar colonies: Grayish, spreading, with 
lobate to fimbriate borders. 

Agar slant: Growth thin, limited, 
bluish-gray. 

Broth: Turbid. 

Litmus milk: Not coagulated, pep¬ 
tonized. 

Potato: Growth slight, grayish. 

Nitrites produced from nitrates. 

Starch is hydrolyzed. 

Thermophilic, optimum temperature 
65°C. No growth at 50°C. Growth at 
75°C. 

Aerobic. 

Source: Isolated from dust and con¬ 
taminated milk. 

Habitat: Probably widely distributed 
in soil and dust. 

Thermobacillus diastasms Feirer (Soil 
Sci., 23, 1927, 49) differs from Bacillus 
thermodiaslaticus only in that nitrites 
are not formed from nitrates (Feirer). 

Source: Two strains isolated from soil. 

24. Bacillus cylindricus Blau. (Cent, 
f. Bakt., II Abt., 15, 1905, 119.) From 
Greek kylindrikos, cjdindrical. 

Spores: Somewhat elongated, 0.7 to 1.1 
by 1.8 to 2.5 microns, terminal. Remnants 
of sporangium adherent. Germination 
equatorial and oblique. 

Sporangia: Cylindrical or only slightly 
swollen at end, not in chains. 

Rods: On glucose agar at fiO^C, 0.8 to 
1.1 by 5.0 to 7.5 microns, occurring 
singly and in pairs. Motile with peri¬ 
trichous flagella. Cells store glycogen. 
Gram-positive. 

Gelatin stab: No liquefaction. 

Glucose agar colonies: Grayish-white, 
entire to lobed to dentate. By trans¬ 
mitted light yellowish-brown centers 
with brownish-yellow borders. Finely 
fibrous structure. 

Glucose agar slant: Growth thin, dull, 
grayish-white. 

Litmus milk: Unchanged. 
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Potato; Ko growth. 

Nitrites not produced from nitrates. 
Starch not hydrolyzed. 

Thermophilic, optimum temperature 

60"Cto70"C. 

Source: Isolated from moist field soil in 
Germany. 

Habitat: Probably found in dust and 
soil. 

Bacillus calidus Blau (Cent. f. Bakt., 
II Abt., 15, 1005,134) differs so little from 
the preceding species that it cannot be 
considered as distinct. 

Source: Isolated from field soil in 
Germany (Blau). Dust, ground feeds, 
etc., about dairies and various dairy 
products (Prickett, N. \ . Agr. Exp. Sta. 
Tech. Bui. 147,1928,45). 

25. Bacillus robustus Blau. (Cent. f. 
Bakt., II Abt., 15, 1905, 126.) From 
Latin robustus, oaken, hard, firm. 

Spores: Ellipsoidal, 1.0 by 1.6 to 2.2 
microns, polar to medial. Remnants of 
sporangium not adherent. Germination 
prevailingly equatorial. 

Sporangia: Ellipsoidal to cylindrical, 

not in chains. 

Rods: 1.0 to 1.2 by 3 to 4 microns, 
occurring singly and in short chains. 
Motile. Gram-positive. 

Glucose agar colonies: Circular, gray- 
white. By transmitted light brownish- 
yellow. Borders distinct, serrate to 
lobed, finely granular. 

Glucose agar slant: Growth yellowish- 
white, translucent, becoming grayish- 
white, spreading, dull. 

Potato: Growth yellowish-white, moist, 

glistening, .smooth. 

Nitrites not produced from nitrates. 
Starch not hydrolyzed. 

Thermophilic, optimum temperature 
55°Cto60°C. Grows at 65^0. 

Aerobic. 

Source: Isolated from field soil near a 
forest in Germany. 

Habitat; Probably found in soil and 

dust. ^ . 

Thermobacillus restatus Feirer (boil 

Sci., 23, 1927, 51) is said to correspond 


ir scir.e respects with Bacillus robustus. 
Feirer states that it is not possible to 
definitely establish the identity because 
Blau failed to record the action of Ba¬ 
cillus robustus on nitrates and several 
other media and did not note the produc¬ 
tion of H-iS. 

Source: Three strains isolated from 
soil. 


25a. Bacillus losanitchii Bergey et al. 
(Bacillus thermophilus losanitchii 
Georgevitch, Cent. f. Bakt., II Abt., S7, 
1910,164; Bergey et al., Manual, 1st ed., 
1923, 313.) Named for Losanitch, near 
Vranje. 

As far as can be determined from the 
meagei* description, this organism does 
not differ from Bacillus robustus except 
perhaps as to the maximum temperature 
allowing grouTh. Growth limits are 
45"C to 78"C. 

Source; Isolated from water of hot 
sulfur spring. Temperature of water 
83^C. 

Habitat; Probably in natural hot 
waters. 

Note: Georgevitch (Arch. f. Hyg., 
1910, 201) has described a thermophilic 
aerobic spore-forming sulfur bacillus 
from a hot sulfur spring at Vranje (Ser- 
via) under the name Bacillus tkermo- 
philus vranjensis. This does not grow 
on ordinary media unless sulfur com¬ 
pounds are added. It has a tuft of flagella 
at either end. Spores are ellipsoidal, 
terminal, distend the rod, and show polar 
germination. 

Georgevitch (Cent. f. Bakt., II A 
27, 1910,150) describes a second thermo¬ 
philic, motile, capsulated, ellipsoidal- 
spored rod from a chalybeate hot spnag 
near Vranje under the name Bacillus 

Ihermophilus jivoini. 


26. Bacillus caUdolactis Hiissong and 
immer. (Jour. Bact., 15, 1928, • 

•om Latin calidtis, warm, hot and lac, 

clis, milk. , a • « 

Goriui states (R. 1st. Lombardo Sci. e 

,tt. Rend., 76, 1942, 3) that BaciUu> 
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calidolactis is the same organism as 
Bacillus laclis tcntwphilus (sic) Gorini 
(Giorn. d. U. Soc. Ital. d’lgiene, IG, 
1894, 16). From the descriplions this 
appears to be probable. 

Spores: Ellipsoidal, of slightly greater 
diameter than the rods, terminal. 

Sporangia: Slightly swollen, clavate. 

Rods: 0.7 to 1.4 by 2.6 to 5.0 microns, 
occurring singly, in pairs and short 
chains. Non-motile. Gram-positive, 
some cells becoming Gram-negative with 
age. 

Gelatin stab: No liquefaction. 

No growth on plain nutrient agar. 

Glucose agar colonies; Thin, white, 
opaque, filamentous. 

Glucose agar slant; Growth abundant, 
echinate, dull, white. 

Glucose agar stab: Growth abundant, 
beaded,gray. 

Glucose broth; Turbid. 

Litmus milk: Acid, coagulation. Lit¬ 
mus reduced. 

Potato: No growth. 

Nitrites produced from nitrates by 
some strains. 

Acid from glucose, lactose, fructose, 
galactose and maltose. No acid from 
inulin, sucrose or glycerol. 

Thermophilic, optimum temperature 
55®C to 65°C. No growth at 37®C. 

Aerobic, facultative. 

Source: Isolated from normal pasteur¬ 
ized skim milk (Hussong and Hammer). 
Milk and milk |x>wder (Prickett, N. Y. 
Agr. Exp. Sta. Tech. Bui. 147, 1928,47). 

Habitat: Probably in dairy products. 

27. Bacillus michaelisii Prickett. 
{Bacillus thennophilus aqualilis lique- 
faciens Michaelis, Arch. f. Hyg., 86, 
1899, 285; Prickett, N. Y. Agr. Exp. 
Sla. Tech. Bui. 147, 1928, 45.) Named 
for Georg Michaelis of Berlin who first 
isolated the species. 

Spores: Of greater diameter than the 
rods, terminal. 

Sporangia: Swollen, clavate. 

Rods: 0.6 to 0.8 by 2 to 4 microns. 
Motile. Gram-positive. 


Gelatin stab: Liquefaction. 

.\gar colonie.s : Circular, raised, smooth, 
glistening. 

Agar slant: Growth moderate, smooth, 
glistening. 

Broth: Slight turbidity. 

Milk; Not coagulated, alkaline. 

Potato: Growth moist, glistening, yel¬ 
lowish, becoming brownish. 

Nitrites with gas produced from 
nitrates. 

Starch is hydrolyzed. 

.\cid from glucose and sucrose. No 
acid from rhamnosc, maltose, lactose, 
glycerol, mannitol or inulin. 

Thermophilic, optimum temperature 
50*^0 to 60“C. 

-Verobic, facultative. 

Source: Isolated from fountain waters 
(Michaelis). From fodder, dust, dairy 
utensils (Prickett). 

Habitat; Probably found in soil and 
dust. 

27a. Bacillus lobatus Bergey et al. 
(Types, Bergey, Jour. Bact., 4, 1919,30-1; 
Bergey et al., Manual, 1st cd., 1923.311.) 
From Greek lohalos, having the form of a 
lobe. 

Judging from the meager description, 
there is no essential difference between 
this organism and the preceding. 

Source: Isolated from dust, soil, and 
horse manure. 

Habitat: Probably widely distributed 
in soil and decaying matter. 

Bacillus nondiastaticus Bergey et al. 
(Type2, Bergey, Jour. Bact., 4,1919,304; 
Bergey et al., Manual, 1st ed., 1923, 310.) 
From Greek, no diastase. 

The description of this organism is 
practically identical with Bacillus loba¬ 
tus, the only difference noted being that 
this species hy<lroIyzes starcli while 
Bacillus nondiastaticus does not. 

Source: Isolated from dust and soil 
(Bergey). Ground grain.s, raw and pas¬ 
teurized milk (Prickett, N. Y. .Vgr. Exp. 
Sta. Tech. Bui. 147, 1928, 47). 

Thermobacillus vulgaris Feirer (Soil 
Sci., 23, 1927, 50) liquefies gelatin, does 
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not reduce nitrates to nitrites nor alter 
litmus milk. According to Feirer it is 
otherwise similar to Bacillus uondiasta- 
iiciis. 

Source: Two strains isolated from soil. 


27b. Bacillus Ihermonouliquefaciens 
Hergoy et al. (Tyi)e 4, Hergey, Jour. 
Iiact.,4, 1910,304; iiergeyet al., Manual, 
1st ed.. 1023, 312.) From Greek thermos. 
hot; and Latin non, not and liqucfacictis, 
making li(iuid. Probably intended to 
mean thermophilic and non-gelatin- 
liquefying. 

Aside from the non-liquefaction of 
gelatin, there seems to be no difference in 
the description of this organism and the 
two immediately preceding. 

Source: Isolated from dust, soil, and 

horse manure. 

Habitat; Probably found in soil and 
decaying matter. 

28. Bacillus thermotranslucens Bergey 
et al. (Type 5, var. b, Bergey, Jour. 
Bact., 4,1910, 304; Bergey et al., Manual, 
1st ed., 1923, 312.) From Greek thermos, 
hot and Latin translucens, translucent. 
Probably intended to mean thermophilic 
and translucent. 

Spores: Of larger diameter than the 
rods, terminal. 

Sporangia: Terminally swollen, clavate, 
not in chains. 

Rods: 0.3 to 0.4 by 1.0 to 1.5 microns, 
occurring singly. Motile with peritrich- 
ous flagella. Gram-positive. 

Gelatin stab: No liquefaction. 

Agar colonies: Thin, transparent, 
spreading widely. 

Agar slant: Growth thin, spreading, 
veil-like. 

Broth; Turbid. 

Litmus milk: Not coagulated, slightly 
acid. 

Potato: No growth. 

Nitrites not produced from nitrates. 
Starch slightly hydrolyzed. 
Thermophilic, optimum temperature 
60X’. Slightgrowthat37°C. Nogrowth 

at VO^C. 


Aerobic. 

Source: Isolated from guinea pig feces, 
dust and from cheese. 

Habitat: Probably found in soil and 

decaying matter. 

Thermobacillus linearius Feirer (Soil 
Sci., 23, 1927, 53) is said to be similar in 
some respects to the preceding. Feirer 
states that formation of acid from several 
sugars is the distinctive feature of this 
species, a character not mentioned by 
Bergey. 

Source: Five strains isolated from soil. 


2.Sa. Bacillus stearolhermophilus Donk. 

(Jour. Bact., 5, 1920, 373.) From Greek 
stear, tallow and thermophilos, heat- 
loving. Intended meaning obscure. 

From the descriptions, the vegetative 
rods of this organism seem to be slightly 
larger than the preceding, otherwise no 

difference is noted. 

Source: Isolated from samples of 
spoiled canned corn and string beans. 
Habitat: Probably found in soil and 

dust. 


281). Bacillus aerothermophilus Wein- 
zirl. (Jour. Med. Research, 39, 1019, 
403.) From Greek aeros, air and ther- 
mophilus, heat-loving. Probably in¬ 
tended to mean aerobic and thermophilic. 

There is nothing in the original account 
of this organism which is at variance 

with that of the preceding. 

Source: Isolated from canned string 
beans (Weinzirl). From milk, water, 
hay, dust, beef extract, and agar (FricK- 
ett, N. Y. Agr. Exp. Station Tech, Bull. 

147,1928,46). , 

Habitat: Probably found m sod ana 


hervwbacillus alcalinus Feirer (Soil 
, 23, 1927 , 52) is said to differ from 
preceding in that it does not change 

lus milk. ^ 

)urce; Four strains isolated from • 
hermobacillus ruber Feirer Soil Sci. 
1927, 52) apparently is <=>osely 

his group. Its 

ir is the production of a pmk pigm 
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in meat, brain, and blood serum, no color 
on other media. 

Source: Isolated from soil. 

29. Bacillus thermocellulolyticus Cool- 
haas. (Cent. f. Bakt., H Abt., 76, 1928, 
43.) From Greek thermos, hot; and 
Latin ccHula, a small room; M. L., cellu¬ 
lose and Greek lytikos, dissolving. Prob¬ 
ably intended to mean thermophilic and 
cellulose-digesting. 

Spores: Lllip.soidal. O.S by 1.5 microns, 
terminal. 

Sporangia: Terminally swollen, clavate. 

Hods :0.3 by 3.5 to G microns, occurring 
singly and in pairs. No reserve material. 
Non-motile. Gram-positive. 

Gelatin stab: No liquefaction. 

Glucose agar colonies: Small, glisten¬ 
ing, translucent. 

Cellulose agar colonies: Circular, bor¬ 
ders undulate to lobate. 

Broth: Slight growth, no surface growth 
or sediment. 

Milk: No growth. 

Nitrites not produced from nitrates. 

Starch is hydrolyzed. 

No acid from carbohydrates. 

Cellulose hydrolyzed. 

Thermophilic, optimum temperature 
50®C to 55°C. Maximum 60°C to 65®C. 
Minimum 35®C to 37®C. 

Aerobic, facultative. 

Source: Isolated from sewage. 

Habitat: Probably found in decaying 
matter. 

30. Bacillus thermoallmentopbilus 
Weinzirl. (Jour. Med. Research, 39, 
1919, 404.) From Greek thermos, hot; 
Latin alimenlum, food; and Greek 
philos, loving. Loving hot food. 

Spores: Ellipsoidal, 0.8 by 1.0 micron, 
terminal. 

Sporangia: Swollen, clavate, not in 
chains. 

Rods: 0.6 by 3.0 microns, occurring 
singly, with rounded ends. Motile, 
flagella not stated. Gram-positive. 

Gelatin stab: No growth at 20®C. 


Agar colonies: Circular, raised, srnoot li, 
amorphous, entire. 

Agar slant: Growth spreading to elTuso, 
smooth, glistening, butyrous. 

Broth: Turbid, surface ring. 

Litmus milk: Unchanged. 

Potato: No growth. 

Nitrites with gas produced from ni¬ 
trates. 

Starch not hydrolyzed. 

Neither acid nor gjis from glucose, lac¬ 
tose, sucrose or mannitol. 

Thermophilic, optimum temperature 
55®C. No growth at 20®C. Growth at 
37"C. 

Aerobic. 

Source: Isolated from canned blueber¬ 
ries (Weinzirl). Pasteurized milk and 
filter cloth (Prickett, N. Y. Agr. Exp. 
Sta. Tech. Bui. 147, 1928, 4G). 

Habitat: Probably found in soil and 
dust. 

Thermobacillus violaceus Feircr (Soil 
Sci., 23, 1927, 52) corresiX)nds in some 
respects with the preceding. Feircr also 
states that his cultures did not reduce 
nitrates to nitrites and produced acid on 
glucose and sucrose. 

Source: Four strains isolated from soil. 

31. Bacillus thermoliquefaciens Ber- 
gey et al. (Type 5, var. a, Bergey, Jour. 
Bact., 4,1919,364; Bergey et al., Manual, 
Istcd., 1923, 313.) From Greek thermos, 
hot, and Latin liqucfaciens, liquefying. 
Probably intended to mean thermonlulic 
and gelatin-liquefying. 

Spores: Pdlipsoidal, polar, of greater 
diameter than the rods. 

Sporangia: Terminally swollen, clavate. 
Rods: 0.2 to 0.4 by 2 to 3 microns, 
occurring singly, with rounded ends. 
Motile with peritrichous flagella. Gram- 
positive. 

Gelatin stab: Liquefaction. 

.\gar colonies: Moderately dense, 
lobate. 

Agar slant: Growth dense, grayish, 
lobate to fimbriate margins. 

Litmus milk; Coagulated, acid. Lit¬ 
mus reduced. 
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Potato: No growth. 

Nitrites and ammonia produced from 
nitrates. 

Starch not hydrolyzed. 

Thermophilic, optimum temperature 
60°C. Slight growth at 37°C. No growth 
at 70"C. 

Aerobic. 

Source: Isolated from dust, guinea pig 
feces and horse manure (Bergey). Water 
and milk (Prickett, N. Y. Agr. Exp. Sta. 
Tech. Bui. 147, 1928, 47). 

Habitat: Probably originally from soil 
nd dust. 

32. Bacillus tostus Blau. (Cent. f. 
Bakt., II Abt., 15, 1905, 130.) From 
Latin toslus, parched, dried. 

Spores: Ellipsoidal, 0.8 to 1.6 by 1.5 
to 2.2 microns. Germination prevail¬ 
ingly polar. 

Sporangia: Terminally swollen, clavate, 
not in chains. 

Rods: 1.2 by 4.5 to 5.0 microns, occur¬ 
ring in pairs and in short chains. Cells 
store glycogen. Motile with peritrichous 
Qagella. 

Agar colonies: Small, circular, dense. 
By transmitted light bright yellow to 
yellowish-brown. Borders sharp, entire 
to lobate. Older colonies porcelain-like. 

Agar slant: Growth thin, grayish-white, 
spreading, smooth, glistening. 

Potato: No growth. 

Nitrites not produced from nitrates. 
Starch is hydrolyzed. 

Ammonia is produced. 

Thermophilic, optimum temperature 

60°C to 70‘’C. 

Aerobic. 

Source: Two cultures isolated from 
soil in Germany. 

Habitat: Probably found in soil and 
dust. 

33. Bacillus vlridulus (Migula) Bergey 
et al. {Bacillus thermophilus 11 Rabino- 
witsch, Ztschr. f. Hyg., ^0, 1895, 154; 
Bacterium viridulum Migula, Syst. der 
Bakt.,«, 1900, 343; Bacterium thennophi- 
lum II Chester, Manual, 1901,186; Bacil¬ 
lus thermophilus Bergey et al., Manual, 


1st ed., 1923, 315; Bergey et al.. Manual, 
4th ed., 1934, 464; not Bacillus thermo¬ 
philus Miquel, Ann. d. Microg., /, 1888, 
6; not Bacillus thermophilus Chester, 
Man. Determ. Bact., 1901, 265.) From 
Latin, dim. adj. viridis, green, some¬ 
what green. 

Spores: Spherical, central. 

Sporangia: Cylindrical, not swollen. 
Rods: Rather large, slightly bent, 
occurring singly and in pairs. Non- 
motile. Gram-positive. 

Agar colonies: Irregular, spreading, 
granular, greenish. 

Broth: Alkaline. 

Potato: Growth grayish-yellow; margin 
undulate. 

Nitrites not produced from nitrates. 
Starch is hydrolyzed. 

Thermophilic, grows at 60“C to 70°C. 
Optimum temperature 62®C. Grows at 
33'’C. 

Aerobic, facultative. 

Source: Isolated from soil, snow, feces, 

corn grains. 

Habitat: Probably found in soil and 
dust. 

Appendix: The following additional 
aerobic spore-forming bacteria are found 
in the literature. Because of insufficient 
data it has not been possible to classify 

them. Some of these may be synonyms 

of well-known species, some may be 
varieties, whereas others may actually be 
separate species. 

Aromabacillus weigmanni Omeliansky. 
(Isolated by Weigmann, 1890; Omelian¬ 
sky, Jour. Bact., 8, 1923, 398.) From 

milk. 

Bacillus abysseus ZoBell and Uph^. 
(Bull. Scripps Inst, of Oceanography, 
Univ. Calif., s. 1944, 273.) Subterminal 
spores. From marine mud. 

Bacillus acidifaciens Patrick an 
Workman. (Iowa State CoH. Jouf- »»■. 
7, 1933 , 413.) One of a group charac¬ 
terized by the fermentation of xylan. 
A single culture isolated from decayed 

maple wood. . 

Bacillus acidificans presamtgenes case* 


FAMILY BACILLACEAE 


Gorini, (Rend. R. Accad. dei Lincei, 
8, 1928, 598.) From manure, fodder and 
milk. Regarded by Gorini (personal 
communication, 1925) as identical with 
Bacillus circulans Jordan. 

Bacillus acido-prolcohjticus casci 
Gorini. (Le Lait, 9, 1912, 98.) From 
Parmesan and Emmenthal cheese. Re¬ 
garded by Gorini (personal communica¬ 
tion, 1925) as equivalent to one of the 
species of Tyrothrix of Duclaux. 

Bacillus adamelzi Trevisan. (Brauner 
Wasserbacillus, Adametz and Wichmann, 
Mittheil. d. oesterr. Versuchsstat. f. 
Brauerei u. Miilzerei, Wien, Heft 1,1888, 
51; Trevisan, I gcneri e le specie delle 
Batteriacee, 1889, 19; not Bacillus 
adametzii Migula, Syst. d. Bakt., 2, 1900, 
686; Bacillus brunneus Eisenberg, Bakt. 
Diag., 3 AuH., 1891, 142; Bacterium brun- 
neum Migula, ibid., 331; not Bacterium 
brunnencum Schroeter, in Cohn, Beitr. 
z. Biol. d. Pflanz., /. Heft 2, 1882, 125.) 
From water. 

Bacillus adhaerens Laubach. (Jour. 
Bact., 1, 1916 , 503.) One culture iso¬ 
lated from dust. 

Bacillus aegyptiacus Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 459.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from Egyptian soil. 

Bacillus aerifaciens Steinhaus. (Jour. 
Bact., 4-^, 1941,782.) Author states that 
it probably belongs to the Aerobacillus 
group. From triturated specimens of the 
white cabbage butterfly {Pieris rapae). 

Bacillus aerobius von Wahl. (Cent. f. 
Bakt., II Abt., 16, 1906, 496.) Reported 
to resemble Bacillus mesentericus fuscus. 
From canned peas. 

Bacillus aerophilus FlUgge. (Flugge, 
Die Mikroorganismen, 2 Aufl., 1886, 321; 
Bacterium aeropkilum Chester, Man. De¬ 
term.Bact., 1901, 191.) From dust. 

Bacillus afanassieiJi Trevisan. (Ba¬ 
cillus iussis convulsivae Afanassief, St. 
Petersburg, med. Wochnschr., 1887, No. 
38-42; not Bacillus tussis convulsivae 
Lehmann and Neumann, Bakt. Diag., 4 
Aufl., 2, 1907, 269; Trevisan, I generi e le 
specie delle Batteriacee, 1889, 13; Ba¬ 


cillus pertussis Migula, Syst. d. Bakt., 2, 
1900, 754.) From mucus and pus. 

Bacillus agilis Tschistowitsch. 
(Tschistowitsch, Berl. klin. Wochnschr., 
1892, 512; not Bacillus agilis Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
14; not Bacillus agilis Chester, Man. 
Determ. Bact., 1901, 226; not Bacillus 
agilis Mattes, Sitzungsber. d. Gesellsch. 
z. Befordening d. gesam. Naturw. z. 
Marburg, 62, 1927, 406; not Bacillus 
agilis Hauduroy et al., Diet. d. Bact. 
Path., Paris, 1937, 33.) From pus. 

Bacillus agilis Hauduroy et al. (Ba¬ 
cillus agilis larvae Toumanoff, Bull. 
Soc. Cent, de M6d. Vdtdr., 80, 1927, 367; 
Hauduroy, Ehringer, Urbain, Guillot 
and Magrou, Dictionnaire de Baetdries 
Pathogdnes, Paris, 1937,33.) Found in 
foulbrood of bees. 

Bacillus agrestis Werner. (Cent. f. 
Bakt., II Abt., 87, 1933,468; not Bacillus 
agrestis de Rossi, Microbiol, agraria e 
technica, Torino, 1927, 828.) One of a 
group of species described as being able 
to grow on a Ca n-butyrate agar. Three 
cultures were isolated from German 
and Italian soils. 

Bacillus agri Laubach and Rice. 
(Jour. Bact., 1, 1916, 516.) Isolated 
twice from soil in Baltimore. 

Bacillus agrophilus Stiihrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 189.) Only 
moderate growth on Ca n-butyrate agar. 
One culture isolated from soil from Cuba. 

Bacillus agrotidis typhoides Pospelov. 
(Rept. Bur. Appl. Ent., Russian, 3, 
1927, 8.) Found in diseased larvae of 
the moth, Euxoa (Agrotis) segetum. 

Bacillus (Streptobacter) albuminis 
Schroeter. (Bacillus aus Faeces V, Bien- 
stock, Ztschr. f. klin. Med., 8, Heft 1, 
1884, 1; Schroeter, in Cohn, Kryptog. 
Flora V. Schlesien, 3, 1, 1886, 162; Ba¬ 
cillus putrificus coli Flugge, Die Mikro¬ 
organismen, 2 Aufl., 1886, 303; Bacillus 
diaphthirus Trevisan, I generi e le specie 
delle Batteriacee, 1889,15.) From feces. 

Bacillus albus (Sack) Bergey et al. 
(Cellulomonas albus Sack, Cent. f. Bakt., 
II Abt., 6$, 1924, 79; Bergey et al., Man- 
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ual, 3rd cd., 1930, 398; not Bacillus albus 
Trevisan, I geiieri e Ic specie delle 
Batteriacee, 1889, 14; not Bacillus albus 
Copeland, Report Filtration Comm., 
Pittshurgli. 1809. 344.) Cellulose is 
hydrolyzed. From soil in Germany. 

Bacillus alcalophilus Vedder. (Ned. 
Tijdschr. v. Hyg. Microbiol, en Serolog., 
}, 1934, 141.) Grows only in and on 
highly alkaline culture media. Sixteen 
strains isolated from the feces of healthy 
animals. 

Bacillus alopccuri Nogtev. (Botani- 
cheskii Zhurnal, U.S.S.R., 23, 1938, 149.) 
Causes nodule formation on fox grass 
(Alopecurus prateusis). 

Bacillus alpha Dyar. (Ann. N. V. 
\ci\d. Sci., 8, 1805, 366.) From the air. 

Bacillus alpinus Werner. (Cent. f. 
Bakt., II -Vbt., 87, 1933, 465.) Good 
growth on calcium salts of formic, acetic, 
propionic and butyric acids. One cul¬ 
ture isolated from soil from .Austria. 

Bacillus alreolaris Ksenjoposky. (Re¬ 
view of pestsof Volhymia, Volhymia Ent. 
Bur., Zemstvo of Volhymia, Zitomir, 
1916, 24 pp.) From diseased bees (Apis 
mellifera). 

Bacillus amarus Hammer. (Iowa .Agr. 
Exp. Station Res. Bull. 52, 1919, 198.) 
From evaporated milk. 

Bacillus aminovoratis den Dooren de 
Jong. (Cent. f. Rakt., II -Abt., 71, 1927, 
215.) From soil. 

Bacillus amyloaerobius Crimi. (.Abst. 
in Cent. f. Bakt., II Abt., 61, 1924, 63.) 
From potato rot. 

Bacillus amylolyticus Kellerman and 
McBeth. (Cent. f. Bakt., II Abt., 34, 
1912, 490.) Decomposes cellulose. One 
culture isolated from manure. 

Bacillus annuliformis Migula. (Fa- 
denahnlicher Bacillus, Maschek, Bakt. 
Untersuch. d. Leitmeritzer Trinkwasser, 
Leitmeritz, 1887; Migula, Syst. d. Bakt, 
2, 1900, 783.) From water. 

Bacillus anthracis similis McFarland. 
(Cent. f. Bakt., I Abt., 24, 1893, 556.) 
From dust. 

Bacillus apicum Canestrini. (Atti 
Soc. Ven. Trent. Sci. Nat., 91; according 


to Kruse, in Flligge, Die Mikroorganis- 
men, 3 Aufl., 2, 1896, 233.) From dis¬ 
eased bees and their larvae. 

Bacillus aporrhoeus Fuller and Nor¬ 
man. (Jour. Bact.,4^, 1943,277.) From 
soil. Decomposes cellulose. 

Bacillus arachnoideus Migula. (Bacil¬ 
lus Xo. Ill, Fliigge, Ztschr. f. Hyg., 17, 
1894, 294; Bacillus laciis No. Ill, Kruse, 
in Fliigge, Die Mikroorganismen, 3 Aufl., 
2, 1896, 208; Migula, Syst. d. Bakt., 2, 
1900, 583; Bacterium laclevm Migula, 
ibid., 321.) From milk. 

Bacillus arenarius Stiihrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 187.) Good 
growth on Ca n-butyrate agar. One 
strain isolated from Cuban soil. 

R(ici7f«saridwsMigula. (Bacillus No. 
8, Pansini, Arch. f. path. Anat., IBS, 
IS90. 444; Migula, Syst. d. Bakt., 2, 1900, 
559.) From sputum. 

Bacillus arlongii (sic) DeToni and 
Trevisan. (Bacillus de la septiefimie 
gangreneuse, Arloing and Chauveau, see 
Crookshank, Man. of Bact., 3rd ed., 1890, 
305; DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 950.) From 
wounds in gangrenous septicaemia. 

Bacillus asiaticus Sakharoff. (Sak- 
haroff, Ann. Inst. Past., 8, 1893 , 550; 
not Bacillus asiaticus Castellani, Cent. f. 
Bakt., I Abt., Orig., 65, 1912, 262.) 
From feces in a case of cholera. ^ 

Bacillus asteris Verona. (Riv. Pat. 
Veg., 25, 1935, 15.) Pathogenic for 
China aster {Aster chinensis). 

Bacillus asthenogenes Bernard. (Ann. 
Inst. Past., 35, 1921, 459.) Grows aero¬ 
bically as well as anaerobically. Under 
anaerobic conditions it is said to 
play a role in gastric derangement 
and infection commonly confused wit 
beriberi. Author reports that it is very 
similar to Bacillus megatherium. 

Bacillus alerrimus tschitensis Kli¬ 
menko. (Cent. f. Bakt., H ’ 

1908, 1.) Reported to be like the blac 

potato bacillus except that it “ 

black pigment on gelatin and the po a 

is brown instead of black. Fromair. 

Bacillus auranlius (Sack) Bergey eta . 
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{Celhdomonas aurantius Sack, Cent. f. 
Bakt., II Abt., 63, 1924,78; Bergcy et al., 
Miinuul, 3r(l ed.. 1930, 421; not liaciltus 
aurantius Trcvisan, I genori e le specie 
dcllo Batteriucee, 1889. 19.) From soil. 

Bacillus badius Batchelor. (Jour. 
Bact., 4, 1919, 25.) From the intestinal 
tract of cliildron. 

Bacillus halcauus Bartels. (Cent. f. 
Bakt., II Abt., 103, 1940, 25.) Growth 
on media containing m/oO phenol. Eight 
strains isolated from soil. 

Bacillus barbitisles Statelov. (Milt, 
bulg. ent. Gesells., 7,1932,56-01.) From 
diseased tettigonids (Isophtja (Barbi- 
lisles) amplipennis). 

Bacillus balalac Otani. (Trans. Tot- 
tori Soc. .Vgric. Sci., Japan, 6, 1939, 222.) 
From rotten sweet iHDtatoes (Ipomaca 
batatas). 

Bacillus bellus Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935, 96.) Probably a 
strain of Bacillus brevis. One culture 
isolated from garden soil of Germany. 

Bacillus bernensis Lehmann and Neu¬ 
mann. (.\romabacillus, Burri, Cent. f. 
Bakt., II Abt., 3, 1897, 609; Lehmann 
and Neumann, Bakt. Diag., 2 Aufl., 2, 
1899,304; Bacillus odoratus Migula, Syst. 
d. Bakt., 1900,686; Bacterium odoralum 

Omeliansky, Jour. Bact., 8, 1923, 394.) 
From Emmcnthal cheese. Reported as 
producing the aroma of this cheese. 

Bacillus beta Dyar. (Ann. N. Y. 
Acad. Sci., 8, 1895, 366.) From dust. 

Bacillus betainovorans Heigener. 
(Cent. f. Bakt., II Abt., 93, 1935, 94.) 
Good growth on betaine and valine agar. 
One culture isolated from soil from 
Mantua. 

Bacillus betanigrificans Cameron, Esty 
and Williams. (Food Research, 1, 1936, 
75.) From blackened canned beets 
where juice contains an abnormally high 
amount of iron. 

Bacillus biacutum Soriano. (Revista 
del Inst. Bacteriol., Univ. Buenos Aires, 
6,1935,564.) From soil. 

Bacillus bombycis Macchiati. (Des 
vibrions, Pasteur, £)tudes sur la inuladie 
des vers ^ soie, La Flacherie, Chapitre 


II, Paris, 1870; Macchiati, Stazioni 
sperimentali Agraric Italiane, 20, 1891, 
121; not Bacillus botiibycis Chatton, 
Coinpt. rend. Acad. Sci., Paris, 156, 1913, 
1708; Bacillus megalerium bombycis Saw- 
amura, Tokyo Imp. Coll. Agric. Bull., 6’, 
1905, 375.) Pasteur originally isolated 
this large bacillus from the intestine of 
silkworms {Bombyi mori) sufTering from 
wilt disease. Regardeil by Sawamura as 
a variety of Bacillus megatherium. 

Bacillus bombycis non-liquefaciens 
Paillot. (Ann. Epiphyt., 8, 1922, 131; 
L’infection chez les inscctes, 1933, 288.) 
Larvae of the gypsy moth {Lymantria 
dispar) are immune to this bacillus. 

Bacillus bombycoidcs Paillot. (Compt. 
rend. .\cad. Agr. France, 28, 1942, 158.) 
Causes lesions because of a bacterial 
toxin. From infected silkworm.s. 

Bacillus bombyscpticus Hartman. 
(Lingnan Sci. Jour., 10, 1931, 280.) 
Causes a disease of the silkworm (Bom- 

byx 7uori). 

Bacillus borborokoiles ZoBell and Up- 
ham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 5, 1944, 274.) Cen¬ 
tral spores. From marine bottom 
deposits. 

Bacillus borstelensis Stuhrk. (Cent, 
f. Bakt., II Abt., 93, 1935, 179.) Grows 
well on Ca n-butyrate agar. Resembles 
Bacillus rufescens of the same group 
except that it docs not show the typical 
brown coloration of media. Two strains 
isolated from soils in Germany. 

Bacillus bredemannii Chester. (Ba¬ 
cillus adhaerens Stiihrk, Cent. f. Bakt., 
II Abt., 93, 1935, 183; not Bacillus 
adhaerens Laubach, Jour. Bact., 1, 1916, 
503; Chester, in Manual, 5th ed., 1939, 
675.) Weak growth on Ca n-butyrate 
agar. One strain isolated from Cuban 
soil. 

Bacillus bronchilidis Migula. (Ba¬ 
cillus der putriden Bronchitis, Luinnit- 
zer, Cent. f. Bakt., 3, 1888, 621; Bacillus 
bronchilidis pulridae Lumnitzer, Wien, 
med. Presse, 1888, 666; Migula, Syst. d. 
Bakt., 2, 1900, 641; Bacterium lumnitzeri 
Chester, Man. Determ. Bact., 1901,120.) 
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From sputum in cases of putrid bron¬ 
chitis. 

Bacillus bruneus Migula. (Maschek, 
Bakt. Untcrsuch. d. Leitmeritzer Trink- 
wasscr, 1887; Migula, Syst. d. Bakt., 2, 
1900, 835; not Bacillus brunneus Eisen- 
berg, Bakt. Diag., 3 Aufl., 1891, 142.) 
From water. 

Bacillus brunneus Eisenberg. (Brauner 
\Yassorbacillus, .\dametz and Wich- 
mann, Die Bakt. d. Nutz- u. Trink- 
witsser, Mitth. Oesterreich. Ver- 
suchssta. f. Brauerei u. Miilzerci, Wien, 
Heft 1, 1888, 51; Eisenberg, Bakt. Diag., 
3 Aufl., 1891, 142; not Bacillus brunneus 
Schroeter, in Cohn, Kryptog. Flora v. 
Schlesicn, 3, 1, 1880, 158; Bacterium 
brunncuni Migula, Syst. d. Bakt., 2y 
1900, 331.) From water. Non-motile. 

Bacillus butlerovii Serbinow. (V^st. 
Buss. obsc. pcelovod. (Messager de la 
Soc. russe d’Ai)iculture), No. 3 and No. 
11, 1912; see Rev. Appl. Entomol., Ser. 
A, 1, 1913, 94 and 441.) From black 
brood of bees. 

Bacillus biitschlii Schaudinn. (Arch, 
f. Protistenkunde, 1, 1902, 306.) Char¬ 
acterized by its large size (3.0 to 6.0 by 
24.0 to 80.0 microns) and granular proto¬ 
plasm. From the intestine of a cock¬ 
roach {Blatla {Periplaneta) orientalis). 

Bacillus butyricus Hueppe. (Hueppe, 
Mitteil. kaiserl. Gesundheitsamte, B, 
1884 , 309; not Bacillus butyricus Mac4, 
Traits de Bact., 1st ed., 1888; not Bacil¬ 
lus butyricus Botkin, Ztschr. f. Hyg., 77, 
1892, 421; Clostridium hueppei Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 22; Bacillus pseudobutyricus Kruse, 
in Fltigge, Die Mikroorganismen, 3 
Aufl., 2, 1896, 207; Bacillus hueppei 
Chester, Man. Determ. Bact., 1901, 276.) 

Bacillus calfaclor Miehe. (Arb. der 
deutsch. Landw. Gesel., Berlin, Heft 3, 
1905, 76; Die Selbsterhitzung des Heues, 
Jena, 1907, 49.) Thought to be the most 
important thermogenic microorganism in 
the fermentation of hay. From heating 
hay. 

Bacillus canaliculaius Wilhelmy. 


(Arb. bakt. Inst. Karlsruhe, 5, 1903, 20.) 
From meat extract. 

Bacillus canceris Migula. (Syst. d. 
Bakt., 2, 1900, 625.) From a case of 
stomach cancer. 

Bacillus caniperda Migula. (Oval- 
bacillus der Ilundestaupe, Galli-Valerio, 
Cent. f. Bakt., I Abt., 19, 1896, 694; 
Migula, Syst. d. Bakt., 2, 1900, 764; 
Bacterium canis Chester, Man. Determ. 
Bact., 1901, 198.) From nasal mucus 
and urine of dogs. 

Bacillus capillaceus Wright. (Mem. 
Nat. Acad. Sci., 7, 1895, 456.) From 
water. 

Bacillus capsid Pavarino and Turconi. 
(Atti Istit. Bot. R. Univ. Pavia, 75, 
1918, 207.) Causes leaf wilt of pepper 
{Capsicum annuum). May be identical 
with disease caused by Pseudomonas 
vesicatoria (Stapp, in Sorauer, Handbuch 
der Pflanzen-Krankheiten, 2, 5 Aufl., 
1928, 262). 

Bacillus carniphilus Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, S, 1903, 19.) 
From meat e.xtract. 

Bacillus carnosus Zimmermann. 
(Tils, Bakt. Untersuch. d. Freiburg. 
Leitungswiisser, Leipzig, 1890, No. 57; 
Zimmermann, Bakt. unserer Trink- u. 
Nutzwiisser, Chemnitz, II Reihe, 1894, 
4.) From water. 

Bacillus catenulaius Bartels. (Cent. f. 
Bakt., II Abt., 705, 1940, 27.) Growth 
on media containing m/ 100 phenol. Four 

strains isolated from soil. 

Bacillus cepae Bassalik and Edelsztein- 

Kosowa. (.4cta Soc. Bot. » ^ 

1933, 519.) From diseased onions (A7- 


lium cepa). m k \ 

Bacillus cerealium Centner. (Cent. I. 

Bakt, II Abt, SO, 1920, 428; P>eudo- 

monos cerealia Stapp, in Sorauer, 

Handbuch der Pflanzen-Krankheden, 

1928, 22; Bacterium cerealinum Edict , 
Manual Bacterial Plant Pathogens, 1930, 
111.) Pathogenic for barley {Hord^m 
vulgare), rye {Secale cereale) and whea 


’’rilicum sp.). 

Badllus cincius Ravenel. (Mem. N 
;ad. Sci., 8, 1896, 30.) From soU. 
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Bacillus cirrojlagellosus ZoBell and 
Upham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 5, 1944, 206.) Cen¬ 
tral spores. Found in marine mud. 

Bacillus cladoi Trevisan. (Bacille pe- 
duncul(5, Clado, Bull. Soc. Anat. Paris, 
1887, 339; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 14; Bacillus 
pendunculalus (sic) Eisenberg, Bakt. 
Diag.,3 Aufl., 1891,340; Bacillus sepiicus 
vesicae Sternberg, Man. of Bact., 1893, 
475.) From urine in a case of cystitis. 

Bacillus closteroides Gray and Tliorn- 
ton. (Cent. f. Bakt., II Abt., 75, 1928, 
93.) Decomposes phenol. Probably 
identical with or a variety of Bacillus 
circulans. Si.\tecn strains isolated from 
Rothamsted soils. 

Bacillus coccineus Pansini. (Pansini, 
Arch. f. path. Anat., 123, 1890, 437; 
not Bacillus coccineus Catiano, in Cohn, 
Bcitr. z. Biol. d. Pflanzen, 7, 1896, 339.) 
From sputum. Red pigment. 

Bacillus colorans Libermann. (Jour, 
of Microbiol., Ukraine, 6, 1938, 73; abst. 
in Cent. f. Bakt., II Abt., 101, 1940, 81.) 
From fruit conserves containing 10 to 20 
per cent sugar. 

Bacillus comesii Rossi. (Ann. d. 
Scuola d. Agricult, in Portici, 1903; 
Arch, di Farmacologia sperim., 3, 1904, 
fasc. 10.) Similar to Bacillus niesen- 
tericus. Said to have the ability to 
dissolve plant particles. 

Bacillus cojicoctans Patrick and Werk- 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 415.) Ferments xylan. One cul¬ 
ture isolated from soil. 

Bacillus conjunclivUidis sublilifonnis 
Michalski. (Cent. f. Bakt., I Abt., 
Orig., 36, 1904,212.) From more than 50 
cases of acute conjunctivitis. Similar to 
Bacillus sublilis. 

Bacillus consolidus Stuhrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 191.) Good 
growth on Ca n-butyrate agar. One 
strain isolated from Cuban soil. 

Bacillus contextus Migula. {Bacillus 
D, Peters, Botan. Zeitung, 41', 1889; 
Migula, Syst. d. Bakt., 2, 1900, 522.) 
From leaven. 


Bacillus conugatus Migula. (Bacillus 
mcsentcricus vulgatus Fliiggc, Die Mikro- 
organismen, 2 Aull., 1880, 322; Bacillus 
No. II, Fliiggc, Ztschr. f. Hyg., 17, 1804, 
294; Bacillus lactis No. II, Kruse, in 
Fliiggc, Die Mikroorganismen, 3 .\u(l., 
2, 1896, 208; Migula, Syst, d. Bakt., 2 , 
1900, 583.) From milk. 

Bacillus corruscans Schroeter. (In 
Cohn, Kryptog. Flora v. Schlesien, 3, 
1, 1886, 158.) From cooked potato. 

Bacillus costalus Lloyd. (Jour. Bact., 
21, 1931, 94.) From sea water off Scot¬ 
land. Nitrates and nitrites reduced to 
nitrogen. 

Bacillus crinatus Chester. (Bacillus 
No. 5, Pansini, Arch. f. path. Anat., 
122, 1890, 441; Chester, Man. Determ. 
Bact., 1901, 281.) From sputum. 

Bacillus crinilus Wright. (Wright, 
Mem. Nat. Acad. Sci., 7, 1895, 453; 
Bacterium crinalum (sic) Chester, Man. 
Determ. Bact., 1901, 192.) From river 
water. 

Bacillus cnjstalloides Dyar. (Dyar, 
Ann. N. Y. Acad. Sci., 8, 1895, 371; 
Bacterium cryslaloides (sic) Chester, 
Man. Determ. Bact., 1901, 191.) From 
the air. 

Bacillus cubensis Stuhrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 192.) Good 
growth on Ca n-butyratc agar. Two 
cultures isolated from soils from Cuba. 

Bacillus cysliformis Trevisan. (Ba¬ 
cille cystiforme, Clado, Bull. Soc. Anat. 
Paris, 1887, 339; Trevisan, I generi e le 
specie delle Batteriacee, 1889,14.) From 
urine in a case of cystitis. 

Bacillus cytaseus McBeth and Scales. 
(U. S. Dept. Agr., Bur. Plant Industry, 
Bull. 266, 1913, 39; Bacterium cytaseum 
Holland, Jour. Bact., 6, 1920, 218.) 
Requires cellulose for best growth. From 
decomposing materials and soil. 

Bacillus cytaseus var. zonalis Kcller- 
man et al. (Cent. f. Bakt., 11 AI)t.,S5, 
1913,511.) From soil from Utah. While 
no spores were observed, this organism 
was like Bacillus cytaseus except that 
colonies on cellulose agar showed con- 
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eentric opaque or semi-opaque and 
transparent zones. 

Bacillus danleci Kruse. (Bacille rouge 
de Terrc-Xeuve, Lc Dantec, Ann. Inst. 
Past., 5, 1891, 662; Kruse, in Fliigge, Die 
Mikroorganismen, 3 AuH., 2, 1896, 270.) 
From reddened salt cod fish. 

Bacillus daucarum von Wahl. (Cent, 
f. Bakt., II Abt., 16, 1906, 494.) Appar¬ 
ently a strain of Bacillus subtilis. From 
canned carrots. 

Bacillus dcinmei Trevisan. (Bacillus 
der Erythema nodosum, Demme, Fort- 
schr. d. Med., 6, 1888, 257; Trevisan, I 
generi e le specie delle Batteriacce, 1889, 
14; Bacillus crylhematis Kruse, in Fliigge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
426; Bacillus erythemalis maliyni Kruse, 
ibid., 479; Bacteriiuu erythemalis Migula, 
Syst. d. Bakt., 2, 1900, 346.) From 
erythema nodosum (skin). 

Bacillus dendroides Holzmiillcr. 
(Cent. f. Bakt., II Abt., 23, 1909, 331.) 
From frog feces. Closely related to 
Bacillus viycoides. 

Bacillus dendroides Thornton. 
(Thornton, Ann. Appl. Biol., 9, 1922, 
247; not Bacillus dendroides Holzmiiller, 
loc. cil.) Common in Rothamsted soil. 
Said to belong to the Bacillus sublilis 
group. 

Bacillus dentalus Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935, 106.) Good 
growth on valine agar. Two cultures iso¬ 
lated from soil of Jugoslavia and North 
Carolina. 

Bacillus destruens von Wahl. (Cent, 
f, Bakt., II Abt., 16, 1906, 502.) From 
boiled asparagus. 

Bacillus detrudens Wright. (Mem. Nat. 
.Vcad. Sci., 7, 1895, 452.) From water. 

Bacillus diaslalicus Boyarska. (Iz- 
vestia Acad. Sci., S. S. U., Biol. Ser., 
1941.) Thermophilic. 

Bacillus discifornians Zimmermann. 
(Zimmermann, Bakt. unserer Trink. u. 
Nutzw^ser, Chemnitz, 11 Reihe, 1894, 
48; Bacterium discifornians Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 2, 
1896, 238.) From waste water. Appar¬ 
ently not identical with Bacillus disci- 


formis Grafenhan, although the name 
suggests possible relationship. 

Bacillus disciformis Grafenhan. (In- 
aug. Diss., Halle, 1891,1.) From water. 
From the description, this organismmay 
be Bacillus sublilis. 

Bacillus distortus (Duclaux) Trevisan. 
{Tyrothrix distortus Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, 23; Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
16.) From milk. 

Bacillus dobelli Duboscq and Grass^. 
(Arch. Zool. Exp^r. et G^n., 66, 1927, 
487; Bacillus (Flexilis) dobelli Duboscq 
and Grassd, ibid., 487.) Similar to Ba¬ 
cillus flexilis Dobell. Found in rectum 
of a termite {Calolermes {Glyytotermes) 
iridipennis). These authors suggest 
that Bacillus flexilis Dobell, Bacillus 
bulschlii Schaudiim and Bacillus dobelli 
be grouped under the name Flexilis. 

Bacillus duclauxii (Miquel) Chester. 
{Bacillus ureae Miquel, Bull. Soc. Chim. 
d. Paris, 31, 1879, 391; Vrobacillus du¬ 
clauxii sive Bacillus ureae 0 Miquel, 
.\nn. d. Microg., 2, 1889-1890, 53, 122 
and 145; Chester, .\nn. Kept. Del. Col. 
Agr. E.\p. Sta., W, 1898, 123.) From 
water and soil. 

Bacillus dysodes Zopf. (Die Spalt- 
pilze, 3 Aufl., 1885, 90.) From ferment¬ 
ing dough. 

Bacillus elegans Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935, 103.) Four 
cultures isolated from soil, one from 
Jugoslavia and three from Germany. 

Bacillus emulsionis Beijerinck. (Folia 
Microbiol., /, 1912, 377; see Perquin, 
Jour. Microbiol, and Serol., 6, 1940,226.) 
Produces slime in sucrose solutions. 

Bacillus encephaloides Trevisan. (B^ 
cillc de Pair /, Babes, in Cornil and 
Babes, Les Bact^ries, 1886, 150 ; Trevisan, 

I generi e le specie delle Batteriacee, 

1889, 20.) From the air. 

Bacillus enteroihrix Collin. (Arcb. 
Zool. Exp^r. et Gdn., 61, 1913, Notes and 

Revue, No. 3.) Found in the rectum o 
toad tadpoles (Aft/fes sp )- 

Bacillus epidermidis (Bizzozero) ^ 
doni-Uffreduzzi. {Leptothrix epidermt- 



family bacillaceae 


743 


(Its Bizzozero, Arch. f. path. Aimt., 98, 
1884, 441; Bordoni-UiTrcduzzi, Fortschr. 
d. Med., 4, 188G, 150; Carcinombacillus, 
Sclicurlon, Deutsche mod. Wochnschr., 
1887, 1083; HacUhts mescntcricus rubigi- 
nosus Sengor, Cent. f. Bakt., 3, 1888, 603; 
Bacillus bizzozerianus Trevisan. I goncri 
e le specie delle Batteriacee, 1&S9, 14; 
fidcillus schcuHcni Dyar, Ann. X. Y. 
Acad. Sci., 8, 1895, 367.) From the 
human mouth and skin. Mact^ (Traite 
pratitiue de Bact., Itli ed., 1901, 1071) 
says that this organism is the ordinary 
potato bacillus, i.e.. liacillus vulgalus. 

Bacillus epiphylus ZoBell and Upham. 
(Bull. Scripps Inst, of Oceanography, 
Cniv. Calif., 6, 1944. 266.) Central 
spores. Found a{«sociated with marine 
phytoplankton. 

Bacillus crodens Ravcnel. (Mem. 
Nat. Acad. Sci., 8, 1896, 35.) From soil. 

Bacillus fstcrijicans Maassen. (Arb. 
a. d. kaiserl. Cesundhcitsamte, 15, 1899, 
504; Pleclridium estcrificans Huss, Cent, 
f. Bakt., II Abt.. 19, 1907, 52.) Found 
in a solution of decomposing litmus; 
also isolated from butter. 

Bacillus evanidus Gmhmann. (Mor- 
phologisch-biologische Beitriige ziir 
Kenntnis dcr Wasscrstoffbaktcrien, In- 
aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., 61, 1924 , 207; Uuhland 
and Grohmann, Jahrb. Wissensch. Bota- 
nik, 63, 1924 , 321.) Oxidizes hydrogen 
in the presence of oxygen to form water. 
Presumably widely distributed in soil. 

Bacillus exiguus Saito. (Jour. Coll. 
Sci., Imp. Univ,, Tokyo, 23, Art. 15, 
1908 , 44.) Isolated 3 times from gar¬ 
den air. 

Bacillus exilis Bartels, (('ent. f. 
Bakt., II Abt., 103, 1940, 29.) Growth 
in media containing m/100 phenol. 
Eight strains isolated from soil. 

Bacillus fastidiosus den Dooren de 
Jong. (Cent. f. Bakt., II Abt., 79, 1929, 
344.) Six strains isolated from unheated 
garden soil. 

Bacillus ferrigen us Bargaglio-Petrucci. 
(Nuovo Giornale botanico italiano, 1913, 
1914, 1915; quoted from De Rossi, 


Microbiol. Agraria o Technica, 1927, 
904.) A facultative thermo))hilo. grow¬ 
ing up to 65® to 70®C. 

Bacillus festmus McBeth. (Soil Sci., 
/, 1916, 451.) Filter paper decomposed 
to a grayisli-while felt-like ma.ss. From 
soil in California. 

Bacillus jilameutosus Klein. (Klein, 
sec Miguia, Syst. d. Bakt., 2, 19(M), 285; 
Bacterium Jilamcnlosum Burchard, Arb. 
bakt. Inst. Karlsruhe, 2, Heft 1,1902,22.) 

Bacillus filaris Miguia. (Bacillus No. 
XI, Fliiggo, Zlschr. f. Hyg., 17, 1894, 
296; Bacillus laclis No. XI, Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 2, 
1896, 209; Miguia. Syst. d. Bakt., 2, 1900, 
579; Bacillus aromalicus Chester, Man. 
Detenu. Bact., 1901, 276; not Bacillus 
aromalicus Pamrnell, Bull. No. 21, Iowa 
Agr. Exp. Sta.. 1893, 792; not Bacillus 
aromalicus Grimm, Cent. f. Bakt., II 
.-Vbt., 8, 1902, 584.) From milk. 

Bacillus filicolonicus ZoBell and Up¬ 
ham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 5, 1944, 270.) Sub- 
tennina! s|>orcs. From sea water and 
marine mud. 

Bacillusfiliformis (Duclaux) TrevLsan. 
{Tijrolhrixfdiformis Duclaux, Ann. Inst. 
Nat. Agron., 1882 , 23; Trevisan, I 
generi e Ic sperde delle Batteriacee, 1889, 
16; not Bacillus filiformis Tils, Ztschr. f. 
Byg., 9, 1890. 317; not Bacillus filiformis 
Miguia, Syst. <1. Bakt., 2, 1900, 587.) 
From cheese. 

Bacillus fissuralus Uavenel. (Mem. 
Nat. .Vead. Sci., 8, 1896, 38.) From soil. 

Bacillus fitzianus Zopf. (Fitz, Ber. d. 
deutsch. chem. Ge.sellsch., 6, 1873, 48; 
ibid., 9, 1876, 1348; ibid., 10, 1877, 276; 
Glycerinaethylbacterie, Buchner, in Nii- 
gcli, Untersuch. ii. niedcre Pilze, 1882, 
220; Zopf, Die Spaltpilze, 1 Aufl., 1883,52; 
Bacterium fitzianum Zopf, Die Spaltpilze, 

2 Aufl., 1884, 49.) From boiled hay 
infusions. Forms butyric acid. 

Bacillus flagellifer Miguia. (Bacillus 
No. VI, Fliigge, Ztschr. f. Hyg., 17, 1894, 
294; Bacillus laclis No. VI, Kruse, in 
Flugge, Die Mikroorganismen, 3 Aufl., 2, 
1896, 209; Miguia, Syst. d. Bakt., 
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2, 1900, 581; Bacillus rudis Chester, Man. 
Determ. Bact., 1901, 279.) From milk. 

Bacillus Jlavcsccns \Vciss. (Weiss, 
Arb. bakt. Inst. Karlsruhe, 2, Heft 3, 
1902, 25S; not Bacillus Jlavcsccns Pohl, 
Cent. f. Bakt., 11, 1892, 14-1.) From 
brewer’s grains. Uncommon. 

Bacillus Jlavidus Stiihrk. (Cent. f. 
Bakt., II Abt.,i?3,1935,185; not Bacillus 
Jlavidus Fawcett, Rev. Inclust. y Agrico. 
tie Tucuman, 13, 1922, 5; not Bacillus 
Jlavidus Morse, Jour. Inf. Dis., 11, 1912, 
284.) Good growth on Ca n-butyrate 
agar. One culture isolated from soil 
from Egypt. 

Bacillus Jlavidus alvei Klamann. (Bien- 
enwirtschaftl. Cent., Hanover, 1890, No. 
2.) .\ssociated with foulbrood of bees. 

Bacillus Jlavoviridis ^Flgula. (Mas- 
chek, Bakt. Untersuch. d. Leitmeritzer 
Trinkwasser, Leitmeritz, 1887; Migula, 
Syst. d. Bakt., 2, 1900, 821.) From 
water. 

Bacillus Jlexilis Dobell. (Quart. Jour. 
Mierosc. Sci., 52, 1908, 121; Arch. f. 
Brotistenk., 26, 1912, 117.) Reported as 
being similar to Bacillus Inilschlii Schau- 
dinn altliough only half its size. From 
the large intestine of frogs {Rana lem- 
poraria) and toads {Bujo vulgaris). 

Bacillus Jlexus Batchelor. (Jour. 
Bact., 4, 1919, 23.) Resembles Bacillus 
megatherium. From intestinal contents 
of a child. 

Bacillus Jluorescens undulalus Ravenel. 
(Mem. Nat. Acad. Sci., 8, 1896, 20.) 
From soil. 

Bacillus Joliaceus Migula. {Bacillus 
niesenlericus Juscus Flugge, Die Mikro- 
organismen, 2 Aufl., 1886, 321; Bacillus 
No. IV, Flugge. Ztschr. f. Hyg., 17, 1894, 
294; Bacillus lactis No. IV, Kruse, in 
Flugge, Die Mikroorganismen, 3 Aufl., 2, 
1896, 208; Migula, Syst. d. Bakt., 2, 
1900, 582.) From milk, air and soil. 

jBaci'Hus/orjnosws Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935,101; not Bacillus 
formosus Ravenel, Mem. Nat. Acad. 
Sci., 8, 1896, 12.) One culture isolated 
from soil from Montenegro. 


Bacillus foutini Chester. (Bacillus D, 
Foutin, Cent. f. Bakt., 7, 1890, 373; 
Chester, Man. Determ. Bact., 1901,285.) 
From hail. 

Bacillus frankei (sic) DeToni and 
Trevisan. (Sarkombacillen, Francke, 
Miinch. med. Wochnschr., 1888, No. 4; 
abst. in Cent. f. Bakt., 3, 1888, 601; 
DeToni and Trevisan, in Saccardo, Syl- 
loge Fungorum, 8, 1889,967.) From cases 
of sarcoma. 

Bacillus Jreudenreichii (Miquel) Ches¬ 
ter. {Urobacillus Jreudenreichii sive Ba- 
cillus ureae y hliquel, Ann. d. Micro- 
graphie, 2, 1890, 367 and 488; Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 10, 
1898, 110.) Lohnis (Cent. f. Bakt., II 
Abt., 14, 1905, 719) considered this a 
variety of Bacillus pumilus. Gibson 
(Jour. Bact., 29, 1935 , 493) believed it 


belonged to the Bacillus pasleurii group 
ilthough no authentic cultures were 
available. From soil. 

Bacillus frutodesiruens Madhok and 
Ud-Din. (Indian Jour. Agr. Sci., 13, 
1943,129.) Causes a rot of tomato fruit. 

Bacillus Junicxilaris Kluyver and Van 
Niel. (Planta, Arch. f. wissensch. Bota- 
aik, 2, 1926, 507.) Exhibits contact 

irritability. From soil. 

Bacillus furvus Goadby. (Dental 
Cosmos. 42, 1900,322.) From the mouth. 
Associated with dental caries. 

Bacillus (Streptobacier) fusisporus 
Schroeter. (In Cohn, Krypt. Flora v. 
Schlesien, S, 1, 1886, 161.) From waste 

water in a sugar factory. 

Bacillus fusus Batchelor. (Jour. 
Bact., 4, 1919. 27.) Said to resemble 
Bacillus centro8porus,i.e., Bacillusbrevts. 

From feces. ’ i /p v 

Bacillus ganglijormis Ravenel. (U^' 

enel, Mem. Nat. Acad. Sci., 8, 18^, 'H, 
Bacterium gangliforme Chester, 
Determ. Bact., 1901, 193.) From soil. 

Bacillus gangraenae Chester. ‘ 

lus gangraenae pulpae Arkovy, . 
Bakt., gS. 1897, 921; Chester 
Determ. Bact., 1901, 275; not 
gangraenae Tilanus, Nederl. Tijdsehr. v. 



FAMILY BACILLACEAE 


745 


Gcnecskuude, St, 1885,110.) Associated 
with gangrene of tooth pulp and caries of 
teeth. 

Bacillus gasoformans rmumel. (Pam- 
mel, Cent. f. Bakt., II Abt., S, 1896, 642; 
not Bacillus gasoformans Eisenberg, 
Bakt. Diag., 3 Aufl., 1891, 107; Bacillus 
pammelii Chester, Man. Determ. Bact., 
1901, 270.) From cheese. 

Bacillus gclatinosus Migula. (Bac- 
lerium gelatinosum belae Glaser, Cent. f. 

Bakt., 11 Abt., 1,1895,879; Migula, Syst. 
d. Bakt., Sy 1900, 805.) Produces slime 
in sucrose solutions. Probably a variety 
of Bacillus i'id| 7 afus'according to Sac- 
chetti (Cent. f. Bakt., II Abt., 95, 
1936, 115). 

Bacillus geniculatus (Duclaux) Trevi- 
san. {Tyrolhrix geriiculatus Duclaux, 
Ann. Inst. Nat. Agron., 4, 1882 , 23; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 16; not Bacillus genicula¬ 
tus De Bary, Inaug. Diss., Strassburg, 
Leipzig, 1885; not Bacillus geniculatus 
Wright, Mem. Nat. Acad. Sci., 7, 1894, 
459; Bacillus gonatodes DeToni and 
Trevisan, in Saccardo, Sylloge Fungorum, 
8, 1889, 964; Bacterium geniculatum 
Migula, Syst. d. Bakt., 2^ 1900, 322.) 
From milk. 

Bacillus gigas (Koch) Trevisan. 
{Streptobacteria gigas-pericardii Billroth, 
Die Vegetationsformen von Coccobactcria 
septica, Berlin, 1874, 60; Streptobacteria 
gigas Koch, in Cohn, Beitr. z. Biol. d. 
Pflanz., 2, Heft 3, 1877, 429; Meiallacter 
gigas Trevisan, Batter, ital., 1879, 25; 
Trevisan, Atti. d. Accad. Fis.-Med.- 
Stat., Milan, Ser. 4, 3, 1886, 96; not 
Bacillis gigas van der Goot, Med. Proef- 
station voor de Java Suikcrindust., pt. 
5, No. 10, 1915 , 284; not Bacillus gigas 
Zeissler and Rasscfeld, Arch. f. wiss. u. 
prakt. Tierheilk., 69, 1929, 419.) From 
pericardial exudate. 

Bacillus ginglymus Ravcnel. (Mem. 
Nat. Acad. Sci., 8,1896,37.) From soil. 

Bacillus glaciformis Wilhelray. (Arb. 
bakt. Inst. Karlsruhe, 3, 1903 , 29.) 
From meat extract. 


Bacillus globifcr Bartels. (Cent. f. 
Bakt., II Abt., W3, 1040 , 26.) Growth 
on media containing m/ 100 phenol. 
.\uthor considers it similar to Bacillus 
alvei. Five strains isolated from soil. 

Bacillus glutinis Patrick and Weik- 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 414.) Ferments xylan. 'I'wo 

strains isolated from decayed apjdc wood. 

Bacillus glycinophilus Rippel. (Uip- 
pel, Arch. f. Mikrobiol., 8, 1937. 42; also 
see Rippel and Nabcl, ibid., W, 1938,350.) 
From intestines of cattle. Freshcullurc.s 
on agar form protein from glycine and 
glucose. 

Bacillus gossypina Stedman. (Ala¬ 
bama Agr. Exp. Sla. Bui. 55, 1894, 6; 
Earle, Alabama Agr. Exp. Sta. Bui. 107, 
1899,311.) Reported as cause of boll rot 
on cotton {Gossypium sp.) 

Bacillus granularis Stiihrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 180.) Very 
good growth on Ca n-butyrate agar. One 
culture isolated from garden soil in 
Germany. 

Bacillus granulosus Russell. (Russell, 
Ztschr. f. Ilyg., II, 1892, 194; Bacterium 
granulosum Chester, Man. Determ. 
Bact., 1901, 194.) From mud from the 
Gulf of Naples. 

Bacillus grossus Migula. (Bactcri- 
enart No. 13, Lcmbke, Arch. f. Ilyg., 26, 
1896, 308; Migula, Syst. d. Bakt., 2, 1900, 
570.) From the intestines of infants. 

Bacillus gryllotalpae Metalnikov and 
Meng. (Compt. rend. Acad. Sci., Paris, 
201, 1935, 367.) From diseased larvae of 
the cricket {Gryllotalpa gryllotalpa). 

Bacillus guano Stapp. (Cent. f. Bakt., 
II Abt., 61, 1920, 29.) From soil pre¬ 
viously fertilized with guano. 

Bacillus gummosus Happ. (Bakt. und 
Chem. Untersuch. iiber die schleimige 
Gahrung. Univ. Basel, 1893, 34; abst. 
in Cent. f. Bakt., 14, 1893, 175.) From 
digitalis infusions. Presumably a mu¬ 
coid form of a common spore-former. 
See Bacterium gummosum Ritsert. 

Bacillus harai Hori and Miyake. (Rpt. 
Imp. .\gr. Exp. Sta. Nishigahara, 38, 
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1911, 69.) Pathogenic for willow {Salix 
sp.). 

Bacillus hessii (Guillebeau) Kruse. 
(Baclerium hessii Guillebeau, Laiulw. 
■lahrb. ti. Schweiz, 5. 1891, 138; Kruse, in 
Flugge, Die Mikroorganisineii, 3 Aufl., 2, 
1806, 210.) There is some question 
whether the original culture was a spore- 
former or whetlier it was mixed with one 
of the common slimy milk organisms. 
From slimy milk. 

Bacillus hinidinis Schweizer. (Arch, 
f. Mikrobiol., 7, 1936, 235.) From the 
digestive slime of leeches {Hirudo medi- 
cinalis and Hirudo ojficinalis). 

Bacillus hollandicus Stapp. (Cent. f. 
Bakt., II Abt., 51, 1920, 47.) From soil 
from Delft. 

Bacillus hoploslernus Paillot. (Compt. 
rend. Acad. Sci., Paris, 163, 1916, 774; 
Ann. Inst. Past., 33,1919,403.) Isolated 
once from the body fluid of a June bug. 
Pathogenic for several species of insects. 

Bacillus imminutus McBeth. (Soil 
Sci., 1, 1916, 455.) Growth only in the 
presence of cellulose. From ten different 
soils of California. 

Bacillus immobilis Steinhaus. (Jour. 
Bact., 42, 1941, 783.) The author states 
that it probably belongs to the Bacillus 
adhaerens group. From rectum of larvae 
of the sphinx moth {Ceratomia catalpae). 

Bacillus imomariuus ZoBeli and Up- 
ham. (Bull. Scripps Inst, of Oceanog¬ 
raphy, Univ. Calif., 5, 1944,265.) Sub- 
terminal spores. From marine bottom 
deposits in shoal waters. 

Bacillus indijferens Soriano. (Thesis, 
Univ. Buenos Aires, 1935, 565.) One 
strain isolated from soil. 

Bacillus infantilis Kendall. (Jour. 
Biol. Chem., 5,1909, 419 and439.) From 
the intestine in cases of infantilism. 
Saprophytic. 

Bacillus intermiltens Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, 3, 1903, 23.) 

From meat extract. 

Bacillus intrapallans Forbes. (Bull. 
Illinois State Lab. Natur. Hist., Art. 
IV, 1886 , 283 , 288 and 297.) 


Bacillus jubatus Bartels. (Cent. f. 
Bakt., II Abt., 103, 1940, 24.) Very 
good growth on media containing m/ 50 
phenol. Nine strains isolated from soil. 

Bacillus kaleidoscopicus Wilhelmy. 
(.\rb. bakt. Inst. Karlsruhe, 3, 1903, 31.) 


From meat e.xtract. 

Bacillus kefir Kuntze. (Cent. f. 
Bakt., II Abt., 24, 1909, 116.) From 
kefir, a Caucasian milk beverage. 

Bacillus kermesiiius Migula. (Kar- 
minroter Bacillus, Tataroff, Inaug. Diss., 
Dorpat, 1891, 67; Migula, Syst. d. Bakt., 
2, 1900, 858.) From water. 

Bacillus kildini Issatchenko. (Re- 
cherches sur les Microbes de POc4aii 
Glacial Arctique. Petrograd, 1914.) 
From sea water. 

Bacillus koubassofiii Chester. (Bacil¬ 
lus der krebsartigen Neubildungen, 
Koubassoff, Vortrag. Moskauer Mili- 
tararztlichen Verein, 1888, No. 22; abst. 
ill Cent. f. Bakt., 7, 1890, 317; Chester, 
Alan. Determ. Bact., 1901, 282.) From 
cancerous growths of the human stomach. 

Bacillus lacca Kern. (Arb. bakt. Inst. 
Karlsruhe, 1, Heft 4, 1896, 411.) From 
the stomachs and intestines of birds. 

Bacillus lactis-albus Chester. {Bacil- 
lus lactis albus Sternberg, Man. of Bact., 
1893, 6^; Chester, Man. Determ. Bact., 


11,277.) From milk. 

Bacillus laclucae Voglino. (Ann. R. 
cad. Agr. Torino, 4®. 1903,25.) Patlio- 
lic for lettuce (Lactuca saliva). 
Bacillus lasiocampa Brown. (Amer. 
jseum Novitates, No. 251, 1927, •) 
id to belong to Bacillus siiblilis group, 
om ovaries and egg tubes of tent cater* 

lar moth. * - 

Bacillus lalvianus Kalnins. 
uv.Raksti,SeryaI,No.ll,1930,265. 
llulosc attacked at 34 *C but not at 
’C Probably from soil. 

Bacillus lautus Batchelor, 

,ct., i. 1919, 30.) One culture from 


icillus legrosii Hauduroy et al. 

ros, ThJse M«d. Paris, . 

,t al., Diet. d. Bact. Path., 1937 , 43 .) 
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Facultative anaerobe producing ga.scous 
Kangrenc. From a gaseous suppuration. 

Bacillus Icguminipcrdus von Oven. 
(Cent. f. Bakt., II Abt., Ui, 1906, 67; 
Bacterium leguminipenlum Stevens, The 
Fungi which Cause Plant Disease, 1913, 
2S.) Patliogonic for lupitie (Lupinus 
sp.), kidney bean {Phascolus vulgaris), 
pea (Pfsum sa/fcii»)), tomato (Lgeopersi- 
cum csculentum). 

Bacillus lehmanni Ilerter. (Microbe 
5A, Chouki5vitch, Ann. Inst. Past., 25, 
1911, 350; Herter, Just’s Botan. Jahres- 
ber., 39,2 Abt., Heft 4,1915, 748.) From 
the large intestine of the horse. 

Bacillus lekitosis Perlman. (X. V. 
State Dept. Agr. and Markets, Ann. 
Kept., 1931, 115.) Egg lecithin hydro¬ 
lyzed completely by jxiwerful extracellu¬ 
lar enzyme. From contaminated sample 
of whole mixed eggs. 

Bacillus lesagei Trevisun. (Bacillc de 
la diarrhde verte des enfants, Lesage, 
Bull. Acad. M6d. Paris, Oct. 25, 1887; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 14.) From the intestine 
of infants. 

Bacillus Icvaniformaus Greig Smith. 
(Proc. Linn. Soc. New South Wales, 26, 
1901, 589 , 674 and 684; Cent. f. Bakt., 
II Abt., 8, 1902, 596.) Produces slime in 
sucrose solutions. Probablj' a variety of 
Bacillus vulgalus according to Sacchetti 
(Cent. f. Bakt., II .Abt., 95, 1936, 115). 

Bacillus licheniformis (Weigmann) 
Chester. (Bacterie a, Weigmann, Cent, 
f. Bakt., II Abt., 2, 1896,155; Clostridium 
lichenijorme Weigmann, loc. cit., 4, 1898, 
822; Chester, Man. Determ. Bact., 1901, 
287; sec also Gibson, Soc. .Agric. Bact. 
(British); Abstr. Proc., 1927, Paper No. 
10; Gibson and Topping, ibid., 1938, 43; 
Gibson, ibid., 1943, 13.) Gibson places 
this with Bacillus subtilis although it 
was originally described as being Gram¬ 
negative and forming clostridial spor¬ 
angia. Spore germination polar. 

Bacillus lichenoides Grohmann. (Mor- 
phologisch-biologische Beitrage zur 
Kenntnis der Wasserstoffbakterien, In- 


aug. Diss., I'niv- Leipzig, 1923; Cent, f 

Bakt., II Abt.,6‘/. 1924,267 ;Puhlntul and 


Grohmann, Jahrb. wissensch. Botanik, 
6*3, 1924,321.) Oxidizes hydrogen in the 
presence of oxygen to form water. Pre¬ 
sumably widely distributed in soil. 
Bacillus lignivorans Patrick and Werk- 


man. (Iowa Stale (’oil. Jour. Sci., 7, 
1933, 410.) Ferments xylan. One cul¬ 
ture isolated from decayed maple wooil. 

Bacillus lignorum Patrick and Work¬ 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 410.) Ferments xylan. One cul¬ 
ture isolated from decayed apple wood. 

Bacillus limnophilus Stiihrk. (Cent, 
f. Bakt., II Abt., 93, 1935, 190.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from soil of Germany. 

Bacillus liugardi Trevisan. (Bacillus 
de la stomatite ulcereuse du veau, Lin- 
gard and Batt; Trevisan, I generi e le 
speciedcllc Batleriacec, 1889,14.) From 
ulcerations on the tongue and mucous 
membrane of the mouth of calves. 

Bacillus lividus Zimmermann. (Bakt. 
unsercr Trink- u. Nutzwasser, Chemnitz, 
II Rcihc, 1894, 18; not Bacillus lividus 
Voges, Cent. f. Bakt., 14, 1893, 303.) 
From water. 

Bacillus longior Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 23, Art. 15,1908, 
57.) Isolated once from garden air. 

Bacillus longus Migula. (Bacillus No. 
VII, Fliigge, Ztschr. f. Hyg., 17, 1894, 
296; Bacillus laclis No. ATI, Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 2, 
1896, 209; Migula, Syst. d. Bakt., 2, 
1900, 581; not Bacillus longus Chester, 
Man. Determ. Bact., 1901, 303; Bacillus 
plicalus Chester, ibid., 275; not Bacillus 
plicatus Frankland and Frankland, 
Philos. Trans. Royal Soc. London, 178, 
B, 1887, 273; not Bacillus plicalus Zim¬ 
mermann, Bakt. unserer Trink- u. 
Nutzwasser, Chemnitz, I Reihe, 1890, 54; 
not Bacillus plicatus Deetjen, Inaug. 
Diss., Wurzburg, 1890; not Bacillus 
plicatus Copeland, Kept. Filtration Com¬ 
mission, Pittsburgh, 1899, 348.) From 
milk. 
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Bacillus loxosporus Burchard. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 1, 1902, 
49.) From the air. Synonym of Bacil¬ 
lus simplex according to Gottheil, Cent. f. 
Bakt., II Abt., 7, 1901,033. 

Bacillus lulcus Garbowski. {Bacillus 
luleus sporogcnes Smith and Baker, 
Cent. f. Bakt., 11 Abt., 4, 1898, 788; 
Garbowski, Cent. f. Bakt., II Abt., 19, 
1907, 641.) From two samples of beet 
sugar. 

Bacillus luizae Brown. (Amer. 
Museum Novitates, No. 251, 1927, 8.) 
Pathogenic for certain flies. Dying indi¬ 
viduals of the green blow fly {Lucilia 
sericala) yielded pure cultures. 

Bacillus maculatus Stuhrk. (Cent, f.' 
Bakt., II Abt., 93, 1935, 184.) Good 
growth on Ca n-butyrate agar. Two 
cultures isolated from soils from Cuba 
and Germany. 

Bacillus inaldis Paltauf and Heider. 
(Paltauf and Heider, Wienermed. Jahrb., 
3, 1888, 383; Paltauf, Med. Jahrb., No. 8, 
1889.) From an infusion of maize; also 
from feces in cases of pellagra. This 
species was originally described by 
Cuboni, probably in the Rendic. R. 
Accad. dei Lincei, 1, 1886. It was later 
shown to be a spore-former of the Bacil¬ 
lus mesentericus group. It was quite 
different from the organism isolated by 
Tataroff {Pseudoinonas maidis Migula) 
and identified by him as Bacillus mai¬ 
dis. 

Bacillus malakofaciens von Wahl. 
(Cent. f. Bakt., II Abt., 16, 1906, 499.) 
Reported to be similar in morphology and 
physiology to Bacillus asierosporus. 
From preserved asparagus and from green 
beans. 

Bacillus maritimus Russell. (Russell, 
Bot. Gazette, 18, 1893, 445; Bacteriurn 
mariiitnuTn Chester, Man. Determ. Bact., 
1901, 189.) From sea-mud. 

Bacillus mazun Weigmann, Gruber 
and Huss. (Cent. f. Bakt., II Abt., 19, 
1907, 72.) From the Armenian milk 

product, mazun. 

Bacillus mediosporus Migula. (Bacil¬ 


lus No. VIII, Fliigge, Ztschr. f. Hyg., 17, 
1894, 296; Bacillus lactis No. VIII, 
Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 2 , 1896, 209; Migula, Syst. d. 
Bakt., 2, 1900, 580; Bacillus magnus 
Chester, Man. Determ. Bact., 1901,276.) 
From milk. 

Bacillus medio-tumescens Saito. 
(Jour. Coll. Sci. Imp. Univ., Tokyo, SS, 
Art. 15, 1908, 45.) Isolated twice from 
garden air. 

Bacillus megatherium Ravenel. 

(Ravenel, Mem. Nat. Acad. Sci., 8, 1896, 
11; not Bacillus megatherium De Bary, 
Vergleich. Morph, u. Biol. d. Pilze, 1884, 
499; Bacillus megatherium var. ravenelii 
Chester, Man. Determ. Bact., 1901,271.) 
From soil. 

Bacillus jnelanosporus Schroeter. 
(Fine Bacillus Art, Eidam, Beitr. z. 
Biol. d. Pflanz., 1,3, 1875 , 216 ; Schroeter, 
in Cohn, Kryptog. Flora v. Schlesien,3, 
1, 1886, 159.) From cooked potato. 

Bacillus melonis Patrick and Werkman. 
(Iowa State Coll. Jour. Sci., 7,1933,411, 
not Bacillus melonis Giddings, Vermont 
Agr. Exp. Station Bull. 148, 1910, 413.) 
Ferments xylan. One culture isolated 


om decayed watermelon. 

Bacillus mesentericus fuscus consistens 

yar. (Ann. N. Y. Acad. Sci., 8. 1895, 

3.) Found as a contamination in a 
ilk culture. 

Bacillus mesentericus fuscus granulaius 

yar. (Ann. N. Y. Acad. Sci., 8 , 1895, 

3.) Found abundantly in a jar o 
erilized milk. 

Bacillus mesentericus roseus Zimmer- 
ann. (Bakt. unserer Trink- u. N“‘*- 
iisser, Chemnitz, I, 1894, 26.) ™ 

ater. Zimmermann received this cul- 
ire from KrM under the above name. 

rhl (Sammlung v. Mikroorgamsmen, 

rague, 1900, 7) lists it as a synonym oi 
acillus mesentericus ruber Globig. 
BaciUus mesentericus vulgalus m 

ranovics. (Cent, f- _jjit 

ng., 14^, 1938, 52.; 

) be identical or near to BaciUus 
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but produces much slime. From drain¬ 
age water. 

Bacillus mesenterioidcs Dcctjen. (In- 
aug. Diss., Wiirzburg, 1890.) From 
sausage. 

Bacillus inicaus Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, S, 1903, 30.) 
From meat extract. 

Bacillus milii (sic) Howard. (Glean¬ 
ings ill Bee Culture, 28, 1000,124.) From 
black brood of the honey bee (Apis 
yticllifcra). 

Bacillus viitochrondrialis Alexeicff. 
(Arch. f. Protist., 49, 1924, 309.) From 
horse manure. 

Bacillus Dwdestus Schieblich. (Cent, 
f. Bakt., I Abt., Grig., 124, 1932, 269.) 
Prefers carbohydrate media and 37®C. 
From grass and meadow plants. 

Bacillus monachae (von Tubeuf) Eck¬ 
stein. (Bacillus B, Hofmann, Die 
SchlafFsucht (Flacherie) der Nonne 
{Li-paris vionacha), 1891, Frankfort am 
Main; Bacterium monachae von Tubeuf, 
Forstl. naturwisscnsch. Ztschr., 1, 1892, 
34, 277; Eckstein, Ztschr. f. Forst- u. 
Jagdwesen, 2G, 1894, 6.) From diseased 
caterpillars of the nun moth {Lymanlria 
monacha). 

Bacillus montanus Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 458.) Good 
growth on Ca n-butyratc agar. One cul¬ 
ture isolated from soil of Germany. 

Bacillus mould DeToni and Trevisan. 
(Bacillc des viandcs ii odour de beurre 
ranee des halles de Paris, Nocard and 
Mould, Recueil de mddccine vdtdr., Sdr. 
7, 6, 18—, 67; DeToni and Trevisan, in 
Sacardo, Sylloge Fungorum, 8, 1889, 971.) 
From spoiled meat. 

Bacillus mucilaginosus Migula. 
(Happ, Inaug. Diss., Berlin, 1893, 28; 
Migula, Syst. d. Bakt., 2, 1900, 696.) 
From a slimy fermentation. 

Bacillus mucosus Zimmerman. (Bakt. 
unserer Trink- u. Nutzwasser, Chemnitz, 
II Reihe, 1894, 8; Bacterium mucosum 
Migula, Syst. d. Bakt., 2, 1900, 315.) 
From water. 

Bacillus mucronatusSaito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 2S, Art. 15, 


1908, 58.) Isolated twice from garden 
air. 

Bacillus multipediculus Jlavtis Zimrncr- 
mann. (Bakt. unserer Trink- u. Nutz- 
wiisser, Chemnitz, II Reihe, 1894, 42.) 
From water. 

Bacillus muralis Tomaschek. (Botan 
Zeit.,40, 1887,665.) 

^ Bacillus mutabilis Soriano. (Estudio 
sistematico de algunas bacterias esporu- 
ladas aerobias. Thesis, Univ. Buenos 
Aires, 1935, 570.) Four strains isolated 
from fecal matter and Argentine soils. 

Bacillus myxodens Burchard. (Arb. 
bakt. Inst. Karlsruhe, 2, Heft 1, 1898, 
41.) From beer yeast. 

Bacillus nebulosus Goresline. (Gores- 
line. Jour. Bact., 27, 1934,72; not Bacillus 
nebulosus Wright, Mem. Nat. Acad. Sci., 
7, 1894,465; not Bacillus nebulosus Halle, 
These de Paris, 1898; not Bacillus nebit- 
losus Vincent, Ann. Inst. Past., 21, 1907, 
69; not Bacillus nebulosus gazogeyies 
Jacobson, Ann. Inst. Past.. 22, 1908, 300.) 
From a trickling filter receiving creamery 
wastes. 

Bacillus neumanni Herter. (Microbe 
5B, Choukdvitch, Ann. Inst. Past., 25, 
1911, 350; Herter, Just’s Botan. Jahres- 
ber., 39 ,2 Abt., Heft 4,1915, 748.) From 
the large intestine of the horse. 

Bacillus nigrescens Bartels. (Cent. f. 
Bakt., II Abt., 103, 1940, 22.) Good 
growth on media containing m/25 phenol. 
Three strains isolated from soil. 

Bacillus nigricans Kern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1806, 428.) 
From the stomach of a bird. 

Bacillus nitidis Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935,99.) One culture 
isolated from soil from Washington, D. C. 

Bacillus nilri Ambroi. (Cent. f. 
Bakt., I Abt., Orig., 61, 1909, 193.) 
Used for cytological studies because of 
its large size. Found on gelatin plates 
poured for the isolation of yeasts. 

Bacillus nitroxus Beijerinck. (Cent, 
f. Bakt., II Abt., 25, 1909, 45.) In the 
absence of air forms N gas, COi, and N*0 
in nitrate broth. Under aerobic condi- 
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tions only weak ro'liir'tion. From 
garden soil. 

Bacillus iwbilis Adametz. (See Freud- 
enrcich, Cent. f. Bakt., II Abt., 7, 1901, 
857; ihi>l., 8. 1902, 674.) This organism 
was sold under the name Tyrogen; it was 
said to play a part in the ripening of 
hard rheese. This was doubted by 
Freudenreich who identified it as one of 
the Tyrothrix group. Original descrip¬ 
tion apparently in Osterreichen Alokerei- 
Zeitung, Nov. 15, 1900; Dec. 1 and 15, 
1900; Milehzeitung. Xo. 48, 1900. 

Bacillus novus (Huss) Bergey et al. 
{Pleclridium novum Huss, Cent. f. Bakt., 
II Abt., 19, 1907, 256; Bergey et al., 
Manual, 1st ed., 1923,304.) From steril¬ 
ized milk. 

Bacillus oblongus Eckstein. (Ztschr. 
f. Forst- u. Jagdwesen, 26, 1894, 16.) 
From the larvae of a moth {Hypono- 
metita evonymella). 

Bacillus oehensis Bartels. (Cent. f. 
Bakt., II Abt.,/03,1940,28.) Growthon 
media containing m/ 100 phenol. One 
culture isolated from soil. 

Bacillus oleae Schiff-Giorgini. (Cent, 
f. Bakt., II Abt., 15,1905,203.) Thought 
to be the cause of tubercles on the olive 
tree from which it was isolated. 

Bacillus omelianskii Serbinoff. (Zhur- 
nal Bolezni Rastenii, Leningrad, 9, 1915, 

105.) Causes a rot of sorghum. 

Bacillus ontarioni (Chorine) Stein- 
haus. {Bacterium ontarioni Chorine, 
Internat. Corn Borer Invest., Sci. Rpts., 
2, 1929, 44; also Ann. Inst. Past., 45,1929, 
1658; B. ontarioni Paillot, B. presumably 
indicates Bacterium, see inde.\, p. 522, 
L’infection chez les insectes, 1933, 134, 
Steinhaus, Bacteria Associated Extra- 
cellularly with Insects, Minneapolis, 
1942, 72.) From diseased larvae of the 
corn borer (Pyraustra nubilalis Hb.). 

Bacillus oo^enes Migula. {Bacillus 
oogenes hydrosulfureus a, Zorkendorfer, 
Arch. f. Hyg., 16, 1893 ,385;Migula, Syst. 
d. Bakt., 2, 1900, 573.) From hens’ eggs. 

Bacillus opacus Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 214.) 


From bean infu.sions and fermenting 
cabbage. 

Bacillus orae Werner. (Cent. f. Bakt., 
II Abt., 87, 1933, 464.) Weak growth on 
agar containing calcium salts of formic, 
acetic, and butyric acids. One culture 
isolated from European soil. 

Bacillus oxylacticus Dyar. (Dyar, 

Ann. X. Y. Acad. Sci., 8 , 1895, 369; Bac- 
teriujn oxylacticus Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 9, 1897, 107.) 
From air and a culture from KrM’s 
laboratory labeled Bacillus oxylacticus. 
The latter is given in the Krill 1900 
catalogue as Bacillus oxalaticus Zopf and 
undoubtedly was the organism received 
by Migula from Zopf and studied by 
him (Migula, Arb. tech, llochschule 
Karlsruhe, 1, Heft 1, 1894, 139 and 
Migula, Syst. d. Bakt., 2, 1900 , 538). 
This is now regarded as having been 
Bacillus megatherium De Bary. 

Bacillus pabuli Schieblich. (Cent. f. 
Bakt., II Abt., 68 , 1923 , 204.) Com¬ 
monly isolated from green and ferment¬ 
ing fodder. 

Bacillus pallidus Heigener. (Cent. i. 
Bakt., II Abt., 93, 1935,98.) ^ One strain 
isolated from soil from New York State. 

Bacillus paluslris Sickles and Sha'v. 
(Jour. Bact., 28, 1934,418; Rhodobacxll^ 
paluslris Sickles and Shaw, Jour. Bact., 
38, 1939, 241.) Decomposes the speeme 
carbohydrate of pneumococcus type U • 
From swamp and other unculti vated sods. 

Bacillus paluslris var. gelaticus SicU 
and Shaw (ioc. eft., 419). 
decomposes agar slightly. Foun 

Bacillus paucicutis B^**^**^“*' 
bakt. Inst. Karlsruhe, 2, Heft , 

27.) From rye bread. 

Bacillus pectoculis Burchard. (■ 
bakt. Inst. Karlsruhe, 2, Heft 1, 

24.) From the air. 

Bacillus pelagicus J j 

1R 1893 383 ) Fromseawat.ra 
Gaz., 15, lo93, doo.; Massa* 

marine mud from W^oods Ho . 

chusetts. . /Revista 

Bacillus pelhicidus Soriano. 
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del Instit. liacteriol., Buenos Aires, 
1935, 567.) Author siiys colonies resem¬ 
ble lidcillus simplex. Habitat nrobablv 
in soil. 

Bacillus peptoyctics (Buchanan and 

Hammer) Bergey et al. {Bacterium 

peptoyencs Buchanan and Hammer, Iowa 

Agr. Exp. Sta. Res. Bull. 22, 1915, 273; 

Bergey ct al., Manual, 1st ed., 1923, 293.) 

Prom a tube of litmus milk after auto¬ 
claving. 

Bacillus peptonans Chester. (Bacil¬ 
lus lactis pepto?ians Sterling, Cent. f. 
Bakt., II Abt., /, 1895, 473; Chester, 
Man. Determ Bact., 1901, 271.) From 
milk. Very similar to Bacillus mesen- 
tcricus vulyatus Fliigge. 

Bacillus peptojiificans Lubenau. 
(Cent. f. Bakt., 1 Abt., Orig., 40, 1906, 
435.) Similar to Bacillus subtilis. Be¬ 
lieved to be the cause of an epidemic of 
gastroenteritis. 

Bacillus perlucidulus Saito. (Jour. 
Coll. Sci.. Imp. Univ., Tokyo, 23, Art. 
15, 1908, 43.) Isolated 3 times from 
garden air. 

Bacillus petiolalus Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 23, Art. 15,1908, 
48.) Isolated twice from garden air. 

Bacillus phaseoli von Wahl. (Cent. f. 
Bakt., II Abt.. 16, 1906, 500.) From 
canned beans. 

Bacillus phenolphilos Bartels. (Cent, 
f. Bakt., II Abt., 103, 1940, 21.) Good 
growth on media containing .m/50 phenol. 
One culture isolated from soil. 

Bacillus picroyenes Patrick and Work¬ 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 410.) Ferments xylan. One cul¬ 
ture isolated from decayed watermelon. 

Bacillus piliformis Tyzzer. (Jour. 
Med. Research, 37, 1917, 307.) All at¬ 
tempts to cultivate the organism failed 
except when mi.xed with a streptotoccus. 
Considered aerobic by Ford (Textbook of 
Bact., 1927,712). Causes fatal discaseof 
Japanese waltzing mice. 

Bacillus piscicidus Migula. (Bctcillus 
piscicidus agilis Siebert, Gazetalekarska, 
1895, No. 13-17; abst. in Cent. f. Bakt., 


17, 1895 , 888; Bacterium piscicidus ayilis 
Chester, Ann. Kept. Del. Col. Agr. 
Exp. Sta., 9, 1897, 140; Migula, Syst. 
d. Bakt., 2, 1900, C52; Bacillus piscicidus 
nobilis (sic) Babes and Riegler, Cent, 
f. Bakt., II Al)t.. Orig., 33, 1902-03, 440.) 
Cause of a fish epidemic in St. 
Petersburg. 

Bacillus pisi von Wahl. (Cent. f.. 
Bakt., II Abt., W, 1906, 502.) From 
young peas. 

Bacillus platychoma Gray and Thorn¬ 
ton. (Cent. f. Bakt., II Abt., 73, 1928, 
93.) Phenol is attacked. Throe strains 
isolated from soil. 

Bacillus plexiformis Goudby. (Dental 
Cosmos. 42, 1900,322.) From the mouth. 

Bacillus plicatus Deetjen. (Deetjen, 
Inaug. Diss., Wurzburg, 1890; not Bacil¬ 
lus plicatus Frankland and Frankland, 
Philos. Trans. Royal Soc. Ix>ndon, 178, 
B, 1887 , 273; not Bacillus plicatus Zim- 
mermann, Bakt. unserer Trink- u. Nutz- 
wasser, Chemnitz, I Reihe, 1890 , 54; not 
Bacitlus plicatus Copeland, Rept. Filtra¬ 
tion Commission, Pittsburgh, 1899, 348; 
not Bacillus plicatus Chester, Man. 
Determ. Bact., 1901, 275.) From 
sausage. 

Bacillus poUacii Puvarino. (Atti R. 
Accad. Xaz. Lincei Rend. Cl. Sci. Fis. 
Math, e Nat., 20, 1911, 233.) Reported 
to cause depressed spots on leaves of 
Odonioylossum citrosmum. 

Bacillus populi Brisi. (Atti Cong. 
Nat. Ital. Pom. della Soc. Ital. di Sci. 
Nat. Milano, 1907, 376.) Reported as 
cause of galls on branches of poplar trees 
(Populus sp.). 

Bacillus pseudauthracis Kruse. (Milz- 
brandahnlicher Bacillus, Burri, Hyg. 
Rundschau, 4, 1894, 339; abst. in Cent. f. 
Bakt., 16, 1894, 374; Kruse, in Flugge, 
Die Mikroorganismen, 3 Aufl., 2, 1896, 
233; not Bacillus pseudanlhracis Wahr- 
lich, Bakteriol. Studien, Petersburg, 
1890-91, 26; Bacillus pseudo-anthracis 
Chester, Man. Determ. Bact., 1901,280.) 
From South American bran. 

Bacillus pseudococcus Migula. (Bacil- 
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lus No. 11, Pansini, Arch. f. path. Anat., 
122, 1890, 446; Migula, Syst. d. Bakt., 2, 
1900,557.) From sputum. 

Bacillus pseudodiphthericum magnus 
pdcgaard. (Acta Path, et Microbiol. 
Scand., 21, 1944, 451; sec Endicott, Biol. 
Abst., 20, 1946, 12926.) From the nose 
of a child suspected of having diphtheria. 
Resembles Conjnchacterium diphlheriae 
in young cultures. Non-pathogenic. 

Bacillus pseudofusiformis Saito. 
(Jour. Coll. Sci., Imp. Univ., Tokyo, 23, 
Art. 15, 1908, 47.) Isolated once from 
garden air. 

Bacillus pscudosiibtilis Migula. 
{Bacillus subtilis similis Sternberg, 
Manual of Bact., 1893,679; Migula, Syst. 
d. Bakt., 1900, 618.) From the liver of 
a yellow fever cadaver. 

Bacillus punciijormis Chester. (Bacil¬ 
lus No. 23, Conn, Stores Agr. Exp. Sta. 
Rept., 1893, 53; Chester, Man. Determ. 
Bact., 1901, 2S4.) From milk. 

Bacillus pycnoticus Grohmann. (Cent, 
f. Bakt., II Abt., Gl, 1924, 261; Ruhland 
and Grohmann, Jahrb. wissensch. 
Botanik, 63, 1924, 321; Hydrogenomonas 
pycnotica Bergey et al., Manual, 3rd ed., 
1930, 34.) Oxidizes hydrogen in the 
presence of oxygen to form water. Pre¬ 
sumably widely distributed in soil. 

Bacillus quercifolius De3tjen. (Deet- 
jen, Inaug. Diss., Wurzburg, 1890; 
Bacterium quercifolium Migula, Syst. d. 
Bakt., 2, 1900, 309.) From sausage-. 

Bacillus rarerepertus Schieblich. 
(Cent. f. Bakt., I Abt., Orig., 124, 1932, 
269.) From beet leaves. 

Bacillus rarus Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 456.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from forest soil of 
Germany. 

Bacillus repens Gibson. (Cent. f. 
Bakt., II Abt., 92, 1935, 370.) Decom¬ 
poses urea. Eight strains isolated from 

soil. 

Bacillus replans Ghosh. (Compt. 
rend. Soc. Biol., Paris, 86 , 1922, 914.) 
From a case of appendicitis. 


Bacillus retaneus Grohmann. (Mor- 
phologisch- biologische Beitrage zur 
Kenntnis der Wasserstoffbakterien, In¬ 
aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., 61, 1924,267; Ruhland and 
Grohmann, Jahrb. wissensch. Botanik, 
63, 1924, 321.) Oxidizes hydrogen in the 
presence of o.xygen to form water. Pre¬ 
sumably widely distributed in soil. 

Bacillus retiformis Migula. (Netz- 
bacillus, Maschek, Bakt. Untersuch. d. 
Leitmeritzer Trinkwasscr, Leitmeritz, 
1887; Migula, Syst. d. Bakt., 2, 1900,712.) 


From w'ater. 

Bacillus robuslus Weiss. (Weiss, Arb. 
bakt. Inst. Karlsruhe, 2, Ileft 3, 1902, 
247; not Bacillus robuslus Blau, Cent, 
f. Bakt., II Abt., 15, 1905, 134.) From 
fermenting beets. 

Bacillus ruber Zimmermann. (Zim- 
mermann, Die Bakt. unsercr Trink- u. 
Nutzwiisser, Chemnitz, 1, 1890, 24; not 
Bacillus ruber Cohn, Bcitr. z. Biol. d. 
Pflanz., /, Heft 3, 1875, 181; Bacillus 
pseudoruber Migula, Syst. d. Bakt., 2, 
1900, 850; Erylhrobacillus ruber Holland, 
Jour. Bact., 5, 1920, 223, line 15; Serratia 
rubra Bergey et al., Manual, 1st ed., 
1923, 92; Chromobacterium ruber Topley 
and Wilson, Princip. of Bact. and Im- 
mun., ;, 1931, 402.) From Chemnitz 

tap water. Spherical spores, 
Manual,5thed.,1939,607 for a description 


of this species. . 

Bacillus rufescens Stiihrk. (Cent. t. 
Bakt., II Abt., 93, 1935, 178.) Charac¬ 
terized by good growth on Ca n-butyrate 
agar. One culture isolated from gar en 


soil of Germany. 


Bacillus rufulus Saito. (Jour. Co . 
Sci., Imp. Univ., Tokyo, IS, Art. 1 . 
1908, 59.) Isolated 3 times from garoen 


ir. 


Bacillus rugosus Henrici. (He^nc', 

rb. bakt. Inst. Karlsruhe, 1, He * 
m 28; not Bacillus rugosus Wngn , 

lem. NM. Acad. Sei., 7, 1895, 4®^ 

lacillus rugosus Chester, Man. D 
laet., 1901, 220.) F™” Sw«s ch^«- 
Bacillus Tugulosus StQtok- ( 

;akt., II Abt., 9S, 1935.181.) Oneota 
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group of species described as growing 
well on Ca n-butyrate agar. Three 
strains isolated from soils of Germany, 
(''uba, and Italy. 

Bacillus sacchari Jansc. (Mededeel. 
nit’s Lands. Plantentuin, 9, 1891, I.) 
Reported to cause sereh, a disease affect¬ 
ing sugar cane {Sacchantm offichiaru 7 n). 
Went (.‘Vrch. voor de Java Suikcrindus- 
trie, 1895, 589) regards this as probably 
Bacillus sublilis. 

Bacillus saccharolyticus Nepomnjat- 
schjaja and Libermann. (Jour. f. 
Mikrobiol., Ukraine, 5, 1938, 57; abst. in 
Cent. f. Bakt., II Abt., 101, 19-10, 81.) 
From plum preserves. A gas-producing 
rod. 

Bacillus saccobranchi Dobell. (Quart. 
Jour. Micro. Sci., 56, 1911, 4-11.) From 
heart blood of a fish {Ssaccnbranchus 
fossilis). 

Bacillus santiagensis Stiihrk. (Cent, 
f. Bakt., 11 Abt., 93, 1935, 188.) Good 
growth on Ca n-butyrate agar. One 
culture isolated from Cuban soil. 

Bacillus saprogenes Migula. {Bacillus 
saprogenes vini III, Kramer, Bakteriolo- 
gie in ihren Beziehungen zur Landwirt- 
schaft, 2 , 1892, 137; Migula, Syst. d. 
Bakt., 2 , 1900, 572; not Bacillus sapro¬ 
genes /, II and III, Herfcldt, Cent. f. 
Bakt., II Abt., /, 1895, 77; not Bacillus 
saprogenes Salus, Arch. f. Hyg., 51, 1904, 
115.) From wine. 

Bacillus saprogenes Chester. {Bacil¬ 
lus saprogenes vini VI, Kramer, Bak- 
teriol. Landwirtsch., 2 , 1892, 139; Ches¬ 
ter, Man. Determ. Bact., 1901, 289; not 
Bacillus saprogenes Trevisan, I generi e 
le specie delle Batteriacee, 1889, 17.) 
From wine. 

Bacillus scaber (Ducluux) Trevisan. 
{Tyrolhrix scaber Duclaux, Ann. Inst. 
Xat. Agron., 4, 1882, 23; Trevisan, I 
generi e le specie delle Batteriacee, 1889, 
16.) From milk. 

Bacillus schoitelii Trevisan. (Darm- 
bacillus, Lydtin and Schottelius, Der 
Rotlauf der Schweine, Weisbaden, 1885, 
214; Bacillus coprogenes foeiidus Fliigge, 
Die Mikroorganismen, 2 Aufl., 1886, 305; 


Trevisan, I generi c le specie delle Baf- 
teriacce, 1889, 17; Bactcriurn coprogeucs 
Migula. Syst. d. Bakt., 2, 1900, 327; 
Baclerium schottclii Chester, Man. Dc- 
term. Bact., 1901, 197.) From the 
intestinal contents of swine. 

Bacillus scgclalis Werner. (Cent, f. 
Bakt., 11 Abt., 87, 1033, 4C7.) Charac¬ 
terized by growth on Ca n-butyrato agar. 
One strain isolated from soil in Germany. 

Bacillus seplico-acrobius Ilauduroy ct 
al. (Bacille septitiue a(5robie, Legros, 
Tht^se ARd., Paris, 1902; Ilauduroy et al.. 
Diet. d. Bact. Path., 1937, 46.) Aerobic, 
facultative. From a caseof acutogaseous 
gangrene. 

Bacillus septicus insectoruni Krassil- 
stschik. (Memoires de la Soc. Zool. de 
France, 6 , 1893, 250.) From cockchafer 
larvae {Mclolonlha ynclolontha). 

Bacillus serrulatus Stuhrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 103.) Only 
moderate growth on Ca n-butyrate agar. 
One culture isolated from (’uban soil. 

Bacillus sesami Malkofl*. (Cent. f. 
Bakt., II Abt.. 16, 1906, 665.) Patho¬ 
genic on sesame {Sesainum). 

Bacillus siccus Chester. (Bacillus No. 
25, Conn, Stores Agr. Exp. Sta. Kept., 
1893, 63; Chester, Man. Determ. Bact., 
1901,284.) From milk. 

Bacillus siinilis Schroeter. (Bacillus 
II, Bienstock. Ztschr. f. klin. Med., 8 , 
1884, Heft 1 and 2; Schroeter, in Cohn, 
Kryptog.-Flora v. Schlesien, 3, 1, 1886, 
160; Bacillus coprocinus Trevisan, I 
generi e le specie delle Batteriacee, Milan, 
1889, 15; Bacillus faecalis No. II, Kruse, 
in Fliigge, Die Mikroorganismen, 3 Aufl., 

2 , 1896 , 215; Bacterium simile Chester, 
Man. Dctcrm. Bact., 1901, 197.) From 
feces. 

Bacillus similis Eckstein. (Arch. f. 
Forst-u. Jagdwesen,2ff, 1894,11.) From 
infected larvae of the nun moth {Lyman- 
tria monacha), etc. 

Bacillus similitijphosus Migula. (Ty- 
phusahnlicher Bacillus, Miischek, Bakt. 
Untersuch. d. Leitmeritz. Trinkwasser, 
Leitmeritz, 1887; Migula, Syst. d. Bakt., 

2, 1900, 730.) From water. 
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Bacillus sinapivagus Kossowicz. 
(Cent. f. Bakt., 11 Abt., 23, 1909, 241.) 
From pickles. 

Bacillus sombrosus Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Ilcft 4, 1S9G, 429.) 
From the stomach of a bird. 

Bacillus sorghi Burrill. (The Micro¬ 
scope, 7, 1887, 321; Proc. Amer. Soc. 
Microscopists, 1S88, 193; Bacterium 

sorghi Chester, Delaware Agr. Exp. Sta. 
Ann. Kept., 9, 1807, 127; Elliott and 
Smith, Jour. Agr. Ues., 58, 1928, 1.) 
Beported to cause a disease of sorghum 
{Holcus sorghnn). 

Bacillus sotlo Paillot. (Sotto-Bacillus, 
Ischivata, quoted from Aoki and Chi- 
gasaki, Mittcil. d. Mod. Fakul. d. k. 

I niv. 2 . Tokyo, 13, lOlo. 419 and U, 1915. 
50; Bacterium sotlo Metalnikov and 
C'horine, Internat. Corn Borer Invest., 
Sci. Uepts., I, 1928, oG; Paillot, ibid., 1, 
1028, 77-lOG.) From silkworms (Bombyx 
7 )iori}. Solto is Japanese for “plotzlich 
hinfallen”. 

Bacillus spaliosus Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 23, Art. 15, 
1008, 56.) Isolated once from garden air. 

Bacillus spermatozoides Eckstein. 
(Ztschr. f. Forst- u. Jagdwesen, 26, 1894, 
13.) From dead moths {Hyponomeula 
evonymella). 

Bacillus sphaerosporus Beijerinck. 
(Cent. f. Bakt., II Abt., 25, 1909, 45.) 
This organism has round terminal spores 
and produces nitrous oxide from nitrates. 
From garden soil. 

Bacillus sphaerosporus calco-aceticus 
Beijerinck {loc. cit., 46). A variety of 
the above having spherical to ellipsoidal 
spores. 

Bacillus spinosporus Soriano. (The¬ 
sis, Univ. Buenos Aires, 1935, 562.) 
Spores spinate like some strains of 
Bacillus polymyxa. No gas formed. 
One strain isolated from soil. 

Bacillus spiralis Miguia. (Syst. d. 
Bakt., 2, 1900, 624.) From water. 

Bacillus spirogyra Dobell. (Quart. 
Jour. Micro. Sci., 53, 1909, 579 and 56, 
1911, 434.) From large intestine of frog 
(Rajia iemporaria) and toad (Bufo vuB 
garis), 


Bacillus spongiosus Aderhold and Ruh- 
land. (Cent. f. Bakt., II Abt., 16, 1905, 
376.) Found in the gum masses dis¬ 
charged by cherry trees. 

Bacillus sporonema Schaudinn. (Arch, 
f. Protistenkunde, 2, 1903, 421.) From 
sea water. 

Bacillus spurhis Grohmann. (Mor- 
phologisch-biologische Beitrage zur 
Kenntnis dcr Wasserstoffbakterien, In- 
aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., 61, 1924, 267; Ruhland 
and Grohmann, Jahrb. wissensch. 
Botanik, 63, 1924, 321.) Oxidizes hydro¬ 
gen in the presence of oxygen to form 
water. Presumably widely distributed 
in soil. 

Bacillus sputi Chester. (Bacillus No. 
6 , Pansini, Arch. f. path. Anat., 122 , 
1890, 442; Chester, Man. Determ. Bact., 
1901,280.) From sputum. 

Bacillus squamiformis Saito. (Jour. 
Coll Sci., Imp. Univ., Tokyo, 23 , Art. 15, 
1908, 54.) Isolated 9 times from garden 
soil. 

Bacillus stellaris Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, £5, Art. 15,19^. 
52.) Isolated 6 times from garden air. 

Bacillus stellalus Zimmermann. (Zim- 
mermann, Bakt. unserer Trink- u. Nutz- 
wiisser, II Reihe, 1894, 14; not Bacillus 
stellalus Chester, Man. Determ. Bact., 
1901, 274; not Bacillus stellalus Vincent, 
Ann. Inst. Past., 21 , 1907, 62.) From 


iter. . 

Bacillus slreptoformis Miguia. (ba¬ 
iter zerstorenden Bacillus, Schirokikh, 

mt. f. Bakt., II Abt., 2, 1896, 
igula, Syst. d. Bakt., 2 , 1900, 
acillus schirokikhi Chester, Man. ® 
rm. Bact., 1901, 252; Bacillus deniln- 
ans Chester, ibid., 274.) From horse 
ces. Utilizes potassium nitrate. 
Bacillus suaveolens Sclavo and Gosio. 
Quoted from Omeliansky, Jour. » 
1923, 398.) No source given. 

Bacillus subculicularis M.gida- 
Bacillus cuiicularis albus ™aroff, 

ig. Diss., Dorpat, 1891, 
yst. d. Bakt., 1900, 623; Ba^U^ 
ilicularis Chester, Man. Deterra. W 
)01, 285.) From water. 
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Bacillus sublanalus Wright;. (Mem. 
Nut. Acad. Sci., 7, 1S05, ‘155.) From 
water. 

Bacillus sublustris Sclucblioh. (Cent, 
f. Bakt., 11 Abt., 68, 1023, 206.) Com¬ 
monly isolated from green and fermenting 
fodders. 

Bacillus submarinus ZoBell and Up- 
ham. (Bull. Scripps Inst, of Oceanogra¬ 
phy, Univ. Calif., 5, 1944, 267.) Central 
ovate spores. From marine bottom 
deposits. 

Bacillus (Streptobacter) subtiliformis 
Schrocter. {Bacillus 7, Bienstock, 
Ztschr. f. klin. Med., 8, Heft 1 and 2, 
1884; Schroeter, in Cohn, Kryptog.- 
Flora V. Schicsien, S, 1. 1886, lG0;'Baci7- 
lus mesenthericus (sic) Trevisan, I generi 
e le specie delle Batteriacee, Milan. 1880, 
15; not Bacillus rnesentcricus Tre\’isan, 
ibid., 10; Bacillus subtHis siiuulans I, 
iMsenborg, Bakt. Diag., 3 Au(l., 1801, 
ISO; Bacillus faecalis No. I, Kruse, in 
Fliigge, Die Mikroorgajiismen, 3 .\ufl., 
2, 1806, 215; Bacterium subtile Migula. 
Syst. d. Bakt., 2, 1000, 202; Bacterium 
subtiliforme Chester, Man. Determ. 
Bact.. 1001, 197.) From feces. 

Bacillus succinicus Fitz. (Quoted 
from DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 966.) From 
infusions. 

Bacillus suffuscus Grohmann. (Mor- 
phologisch-biologische Beitriige zur 
Kenntnis der Wasserstoffbakterien, In- 
aug. Diss., Univ. Leipzig, 1923; Cent. f. 
Bakt., II Abt., 61, 1924, 267;Ruhland 
and Grohmann, Jahrb. wissensch. 
Botanik, 63, 1924, 321.) Oxidizes hydro¬ 
gen in the presence of oxygen to form 
water. Presumably widely distributed 
in soil. 

Bacillus supraresistans Stiihrk. 
(Cent. f. Bakt., II Abt., 93, 1935, 185.) 
Very good growth on Ca n-butyrate agar. 
One culture isolated from soil in Germany. 

Bacillus surged Domic and Daire. 
(Bull, mensuel de I’Office de renseigne- 
ments agricoles, 6, 1907; abst. in Hev. 
G6n. du Lait., 6, 1907, 164.) Spores not 
observed but author stated that they 
were probably present because this 


species could with.slarid for 5 

minnte.s. From whey. 

Bacillus lahaci III, Koning. ('I'ijdsclir. 
voor toegopaslc scheikunde cn hygiene. 
Dcol 1, 1897. Sec Behrens, Mykologie 
dcr Tabakfabrikation, in Lafar, Iland- 
!)uch der tcchn. Mykologie, 5, 1005, 11.) 
Thermophilic. Probably from soil. 

Bacillus tardivus Stiihrk. (Cent. f. 
Bakt., II Abt., 93, 1935, 177.) Very 
slight growth on Ca n-butyratc agar. 
One culture isolated from garden .soil of 
Germany. 

Bacillus Icchnicus Morikawa and Pres¬ 
cott. (Jour. Bact../5. 1927, 58; also see 
Morikawa, Bull. .\gr. Chem. Soc. Jai)aii, 
3, 1927, 28.) Produces butyl and iso¬ 
propyl alcohols. Source not given. 

Bacillus tenax Eckstein. (Zt.schr. f. 
Forst- u. Jagdwc.sen, 26, 1894, 14.) Froni 
larvae of the nun moth {Lymanlria 
monacha). 

Bacillus tenuis uon-ligucfaciens Chou- 
kevitch. (Ann. Inst. Past,, 26, 1911,352.) 
From large intestine of hor.se. 

Bacillus terminalis Migula. (Bacillus 
No. XII, Fliigge, Ztschr. f. Hyg., /7, 
1894,296; Bacillus laclis No. XII, Kruse, 
in Fliigge, Die Mikroorganismen, 3 .\ufl., 
2, 1896, 269; Migula, Syst. d. Bakt., 2, 
1900, 578; Bacillus lacteus Chester, 
Man. Determ. Bact., 1901, 291.) From 
milk. A duplicate of Bacterium semper- 
vivum Migula. 

Bacillus terminalis var. thermophilus 
Prickett. (N. Y. Agr. Exp. Sta. Tech. 
Bull. 147, 1928, 44.) Produces a brown 
water soluble pigment on agar; optimum 
temperature 55“C to 65'’C. Fourteen 
strains from raw and pasteurized milk, 
milk powder, and skin of a cow. 

Bacillus terrestris Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 461.) Weak 
growth on Ca n-butyrate agar. Two 
strains isolated from soils of Germany. 

Bacillus tetanoides Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 23, Art. 15, 
1908,49.) Isolated once from garden air. 

Bacillus lhalassokoites ZoBell and Up- 
ham. (Bull. Scripps Inst, of Oceanogra¬ 
phy, Univ. Calif., 6, 1944, 268.) Central 
spores. From marine bottom deposits. 
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Bacillus theae Ilori and Bokura. (Jour. 
Plant Protection, Tokyo, 2, 1915, 1.) 
Pathogenic for tea {Thea sinensis). 

Bacillus thermoabundans Beaver. 
(Dissertation, Ohio State University, 
Columbus, 1932,31.) Thermophilic, sub¬ 
terminal spores. Growth at 55°C, less 
growth at 37®C. From malted milk 
powder. 

Bacillus Ihermoacetigenitus Beaver, 
loc. cit., 25. Thermophilic, central 
spores. Xo growth at 37®C. From 
vinegar. 

Bacillus (hcnnoacidificans Renco. 
(Ann. Microbiol., 2, 1942, 000.) From 
Grana cheese whey. This is stated by 
Gorini (R. 1st. Lombardo Sci. e. Lett., 
Rend., 76, 7’' della Ser. 3, 1942, 3) to be 
the same as Bacillus lactis tcrmophilus 
Gorini. 

Bacillus thcrmoaclivus Beaver, loc. 
cit., 27. Thermophilic, central spores. 
No growth at 37°C. From home-canned 
beets. 

Bacillus thermoannulatus Beaver, loc. 
cit., 17. Thermophilic, subterminal 
spores. No growth at 37®C. From com¬ 
mercially canned tomatoes. 

Bacillus tkermoaquatilis Beaver, loc. 
cit., 18. Thermophilic, subterminal 
spores. No growth at 37®C. From a 
warm spring at Springfield, Ohio. 

Bacillus Ihennoarborescens Beaver, 
loc. cit., 30. Thermophilic, sub-terminal 
to central spores. Growth at 55®C, less 
growth at 37®C. From candy. 

Bacillus thermobulyrosus Beaver, loc. 
cit., 15. Thermophilic, subterminal 
spores. No growth at 37‘’C. From com¬ 
mercially canned tomatoes. 

Bacillus thermocompactus Beaver, loc. 
ict., 20. Thermophilic, subterminal 
spores. No growth at 37°C. From red 

grapes stored in sawdust. 

Bacillus Ihermodactylogeiiitus Beaver, 
loc. ciL, 28. Thermophilic, central to 
subterminal spores. Growth at 37°C 
and 55®C. From commercially packed 

dates. 

Bacillus thermoegervescens Beaver, loc. 


cit., 23. Thermophilic, central spores. 
No growth at 37°C. From commercially 
canned peas. 

Bacillus thermofaecalis Beaver, loc. 
cit., 30. Thermophilic, subterminal 
spores. Growth at 55®C. From feces of 
robin. 

Bacillus thermofibrincolus Itano and 
Arakawa. (Ber. d. Ohara Inst. f. land- 
wirsch. Forschungen, Japan,4,1929,265.) 
Thermophilic; decomposes cellulose. 
From soil containing decomposed leaves. 

Bacillus thermofiliformis Beaver, loc. 
cit., 22. Thermophilic, subterminal 
spores. No growth at 37®C. From com¬ 
mercially canned peas. 

Bacillus tkermograni Beaver, loc. ciL, 
16. Thermophilic, subtcrminal spores. 
No growth at 37°C. From commercially 
canned corn. 

Bacillus ihermolongus Beaver, loc. cit., 
19. Thermophilic, subterminal spores. 
No growth at 37®C. From commercially 
canned tomatoes. 

Bacillus Ihermolubricans Beaver, loc. 
cit., 26. Thermophilic, central apores. 
No growth at 37®C. From lubricating oil. 

Bacillus thermononodoTus Beaver, loc. 
cit., 26. Thermophilic, central spores. 
No growth at 37'*C. From tap water. 

Bacillus thermonuhilosus Beaver, loc. 
cit., 19. Thermophilic, subtcrminal 
spores. No growth at 37'’C. From soil, 

Yellow Springs, Ohio. 

Bacillus thermoodoratus Beaver, loc. 
cit., 29. Thermophilic, central spores. 
Growth at 55®, less growth at 37^0. From 


oiled gelatin. 

Bacillus thermopellitus Beaver, loc. 
t., 22. Thermophilic, central spores. 
0 growth at 37®C. From old sour milk. 
Bacillus thermopkilus Miquel. (Mi- 
iel, Ann. d. Microgr., /, 1888- 4; Ba- 
llus thermopkilus miquelii Kruse, m 
iugge, Die Mikroorganismen, 3 Aufl., ^ 
;96 269; Bacterium lermophilum (sic) 
igula, Syst. d. Bakt.. «, im 
aclerium miquelii Chester, 

:rm. Bact., 1901, 186.) From the 
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intestine, water and soil. Ther¬ 
mophilic. No growth below 40®C. 

Bacillus thermopkilus sojae Rokusho 
and Fukutomc. (Jour. Agr. Chem. Soc., 
•lapan, 13, 1937, 1235.) From spon¬ 
taneously heating soy-bean cake. 

Bacillus thermosuavis Beaver, loc. 
cit., 24. Thermophilic, central spores. 
No growth at 37°C. From commercially 
canned mincemeat. 

Bacillus ihermolenax Beaver, loc. cil., 
28. Thermophilic, subterminal spores. 
Growth at 37°C and 55®C. From ground 
horseradish. 

Bacillus thermourinalis Beaver, loc. 
cit., 16. Thermophilic, subterminal 
spores. No growth at 37°C. From hu¬ 
man urine. 

Bacillus Ihermoviscidus Beaver, loc. 
cit., 21. Thermophilic, subtenninal 
spores. No growth at 37®C. From fresh 
p g ovary. 

Bacillus thoracis Howard. (Gleanings 
in Bee Culture, 38, 1900, 124.) From 
black brood of the honey bee (Apis 
mellifera). 

Bacillus tracheitis sivc graphitosis 
Krassilstscliik. (Memoires de la Soc. 
Zool. de France, 6, 1893, 250.) From 
diseased larvae of the cockchafer (Melo- 
lontka melolontha). 

Bacillus tricomii Trevisan. (Bacillo 
della gangraena senilis, Tricomi, Uiv. 
internaz. di Med. e Chir., 5, 1886, 73; 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 13; Bacterium tricomii 
Migula, Syst. d. Bakt., 3, 1900, 310.) 
From a case of senile gangrene. 

Bacillus trifolii Voglino. (.Ann. R. 
Accad. Agr. Torino, 39, 1896,85.) Patho¬ 
genic for clover {Trifolium pratense, T. 
repens, T. resupinatum). 

Bacillus tritus Batchelor. (Jour. 
Bact., 4, 1919, 29.) One culture from 
feces. 

* 

Bacillus tuberis von Wahl. (Cent. f. 
Bakt., II Abt., 16, 1906, 503.) From 
cooked truffles (Tuber oestivum). 

Bacillus tuberosus Weiss. (Arb. bakt. 


Inst. Karlsruhe, 2, Heft 3, 1902, 248.) 
From fermenting beets. 

Bacillus luhifex Dale. (Annals of 
Bot., 36, 1912, 133.) Reported to cause a 
leaf diseaseof potato (Solanumtuberosum) 
and tomato (Lycopersicum esculentum). 

Bacillus turgidus (Duclaux) Trevisan. 
(Tyrothrix turgidus Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, 23; Trevisan. I 
generi e le specie delle Batteriacee, 1889, 
16.) From milk. 

Bacillus lympani-cuniculi Morcos. 
(Jour. Bact., 33, 1932, 454.) Causes 
tympanitis in young rabbits. 

Bacillus ubicuitarius Soriano. (Es- 
tudio sistematico de algunas bacterias 
esporuladas aerobias, Thesis, Univ. 
Buenos Aires, 1935, 569.) Four cultures 
isolated from soil. 

Bacillus ulna Cohn. (Cohn, Beitr. z. 
Biol. d. Pflanz., /. Heft 2, 1872, 177; also 
see Prazmowski, Untersuch. ti. d. Ent- 
wickelungsges. u. Fermentwirk. einiger 
Bakterienarten, Leipzig, 1880, 20.) 

Found once in an infusion of cooked 
egg-white. 

Bacillus undulalus den Dooren de 
Jong. (Bull. Assoc. Diplomas de Micro¬ 
biol. Nancy, No. 26-27, 1946, 12.) From 
soil. 

Bacillus uvaeformis Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1896, 415.) 
From the stomachs and intestines of 
birds. 

Bacillus vaculalus Ravenel. (Mem. 
Nat. Acad. Sci., 8, 1896, 31.) From soil. 

Bacillus validus Heigener. (Cent. f. 
Bakt., II Abt., 93, 1935, 97.) Four 
cultures isolated from soil from Ger¬ 
many, Cuba, and Egypt. 

Bacillus valinovorans Heigener. 
(Cent. f. Bakt., II Abt., 93, 1935, 104.) 
Good growth on valine agar. Five strains 
isolated from soils from Egypt, Germany, 
Italy, and Palestine. 

Bacillus varians Saito. (Jour. Coll. 
Sci., Imp. Univ., Tokyo, 33, Art. 15, 
1908 , 50.) Isolated 11 times from gar¬ 
den air. 

Bacillus ventricosus Heigener. (Cent. 



758 


MANUAL OF nETERMlNATIM': BACTERIOLOGY 


f. Baku, ll Al)t., 03, 1935, 102; not 
Bacillus vcnlricosus Weiss, Avb. Lakt. 
Inst. Karlsruhe, 2, 1S98, 233.) One 
culture isolated from soil from Italy. 

Jiacillus ventriculus Koch. (Botan. 
/eitunp, 46, 1SS.S, 341.) From slices of 
carrot e.xposed to the air. P'ormed two 
spores in a spindle-shaped sporangium. 

Bacillus vcrnicosus Zimmermann. 
(Bakt. unsercr Trink- u. Nutzwasser, 
Chemnitz, II Reihe, 1894, 46; not Bacil¬ 
lus vcrnicosus Migula, Syst. d. Bakt., 2, 
1900, 781.) From waste water. 

Bacillus verticillatus Ravenel. (Rav- 
enel, Mem. Nat. Acad. Sci., 8, 1896, 13; 
Bacterium verticillatum Chester, Man. 
Determ. Bact., 1901, 192.) From soil. 

Bacillus vesicae Migula. {Bacillus 
seplicus vcsicae Clado, quoted from 
Eisenberg, Bakt. Diag., 3 Aufl., 1891, 
341; Migula, Syst. d. Bakt., 2, 1900, 620.) 
From urine in a case of cystitis. Prob¬ 
ably is Bacillus cladoi Trevisan. 

Bacillus villosus Zimmermann. (Bakt. 
unserer Trink- u. Nutzwasser, Chemnitz, 
II Reihe, 1894, 38; not Bacillus villosus 
Keck, Inaug. Diss., Dorpat, 1890, 47.) 
From water. 

Bacillus violaceus Eisenberg. (Bakt. 
Diag., 2 Aufl., 1888, 8; not Bacillus vio¬ 
laceus Sebroeter, Kryptogamen-Flora 
von Schlesien, 5, 1886, 157; not Bacillus 
violaceus Frankland and Frankland, 
Ztschr. f. Hyg., 6, 1888 , 394.) Said to 
produce central spores. From water. 

Bacillus viridi-glaucescens Sack. 
(Cent. f. Bakt., II Abt., 65, 1925, 113.) 
From several kinds of soil. 

Bacillus viridilutcus Pagliani et al. 
(Grungelbcr, nicht verfliissiger Bacillus, 
Eisenberg, Bakt. Diag., 1 Aufl., 1886, 
Tab. 6; Pagliani, Maggiora and Fratini, 
Soc. ital. d’igiene, 1887,586, see Trevisan, 
I generi e le specie delle Batteriacee, 
1889, 19). From water. 

Bacillus viscosus bruxellensis van Laer. 
(Cent. f. Bakt., II Abt., 2S, 1909, 159.) 
From beer wort. 

Bacillus vilicola Burgwitz. {Bacillus 
vitis Merjanian and Kovaleva, Prog. 
Agric. et Vitic., 95, 1930, 594 and 96, 1931, 


17; not Bacillus vitis Montcniartini, 
Rev. I’atol. Vcg.. 6'. 1913, 175; Burgwitz, 
IMiylopnth. Bacteria, Dniingrad, 1935, 
37.) J'athogonic for the grape vine. 

Bacillus vitreus Migula. (No. 11, 
Lembke, Arch. f. Hyg., 26, 1896 , 306; 
Migula, Syst. d. Bakt., 2, 1900, 569.) 
From the intestines of infants. 

Bacillus vogelii Migula. (Roter Kart- 
offelbacillus, Vogel, Ztschr. f. Hyg., 26, 
1897, 404; Migula, Syst. d. Bakt., 2, 
1900,556; Bacillus viscosus Chester,Man. 
Determ. Bact., 1901, 286; not Bacillus 
viscosus Frankland and Frankland, 
Ztschr. f. Hyg., 6, 1889, 391.) From 
stringy bread. 

Bacillus tca/zmannif Werner. (Cent. f. 
Bakt., II Abt., 87, 1933, 462.) Weak 
growth on Ca n-butyrate agar. One 
culture isolated from soil of Germany. 

Bacillus weigmanni Migula. (Bak* 
tcric 11, Weigmann and Zirn, Cent. f. 
Bakt., 15, 1894, 465; Migula, Syst. d. 
Bakt., 2, 1900, 693.) From soapy milk. 

Bacillus xylanicus Patrick and Werk- 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 415.) Ferments xylan. One cul¬ 
ture isolated from decayed apple wood. 

Bacillus xylophagus Patrick and Werk- 
man. (Iowa State Coll. Jour. Sci., 7, 
1933, 414.) Ferments xylan. One cul¬ 
ture isolated from decayed apple wood. 
Bacillus zirnii Migula. (Bakterie U » 

Weigmann and Zirn, Cent. f. 

1894, 466; Migula, Syst. d. Bakt., 2, 1900, 

693.) From soapy milk. 

Bacterium adamelzii Migula. (Bacil¬ 
lus No. XIV, Adametz, Landwirtsch. 
Jahrb., 18, 1889, 246; Migula, Syst. a. 
Bakt., 1900, 338; Bacterium 
Chester, Man. Determ. Bact., 1901,194-/ 

From cheese. 

Bacterium aloes Passalacqua. (R • 

Pat. Veg., 19, 1929,110.) From diseased 


Bacterium angulans 
aug. Diss.. 1897; Arb. ^akt. Inst. K 

ruhe, «, Heft 1,1902, 43.) “.//j, 

Bacterium aqueum Migula. ( . ^ 

thennophilus VIII, 

Ztschr f. Hyg,. 1895, 160; 
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Syst. d. Bakt., e, 1900, 345; Bacterium 
t/iermophilum VI//, Chester, Man. 

Detenu. Bact.. 190!, 186.) From feces 
and corn. 

/bacterium articiilalum Kern. (Arh. 
bakt. Inst. Karlsruhe, 1, Ileft 4, 1897, 

445.) From the stomach and intestines 
of birds. 

Bacterium asparagi von Wahl. (Von 
Wahl, Cent. f. Bakt., II Abt., 16, 1906, 
498; Bactfliis asparagi Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2, 1907, 
436.) From boiled asparagus. 

Bacterium hrachgsporum Burchard. 
(Inaug. Diss., 1897; Arb. bakt. Inst. 
Karlsruhe, 2, Heft 1, 1902, 20.) From 
bakery bread. 

Bacterium canatlcnsis Chorine. (In- 
ternat. Corn Borer Invest., Sci. Upts., 2, 

1929, 39; also Ann. Inst. Past., 43, 1929, 
1658; Bac. canadensis Chorine and Metal- 
nikov, Ann. Inst. Past., 43, 1929, 1.392; 
also Paillot, I/infection chez les inscctes, 
1933, 134 uhere Bac. equals Bacterium, 
see index p. 522; Bacillus canadensis 
Sleinhaus, Bacteria Associated ICxtra- 
cellularly with Insects, Minneapolis, 
1942, 50.) In its general characters 
said to resemble Bacillus megatherium 
and other bacteria isolated from insects 
{Bacillus thuringiensis, Bacillus hoplo- 
slernns, etc.). Pathogenic for larvae of 
I^yrausta nubilalis, Galleria mellonclla, 
and Epheslia kuhniella. From disea.sed 
larvae of the corn borer. 

Bacterium caltleyae Pavarino. (Atti 
R. Accad. Naz. Lincei Rend. Cl, Sci. 
Fis., Mat. e. Nat., 20, 1911, 233.) From 
diseased orchids. 

Bacterium cazauhon Metalnikov. 
(Compt. rend. Soc. Biol., Paris, 105, 

1930, 536; two varieties, Bacterium 
cazauhon I and II, are recognized by 
Metalnikov, Ermolaev and Schobaltzyn, 
Internat. Corn Borer Invest., Sci. Repts., 
5, 1930, 30 and Ann. Inst. Past., 46, 1931, 
469.) From diseased corn borer larvae 
{Pyrausta nubilalis lib.). 

Bacterium christiei Chorine. (Inter¬ 
nat. Corn Borer Invest., Sci. Rpts., 2, 
1929, 46; also Ann. Inst. Past., 43, 1929, 
1666.) According to the author, this 


closely resembles Bacterium onlarioni. 
Several strains isolated from diseasotl 
corn borers. 

Bacterium colomalii Chester. (Colo- 
matii, Breslaucr arztliche Ztschr., 1883, 
No. 4; Chester, Man. Detenu. Bact., 
1001, 186.) From .xerotic masses in 
conjunctivitis. 

Baclerium delicnsc Swellongrobel. 
(.\rchiv f. Protist., SI, 1913, 277.) Ob¬ 
served in stained smears from the .spleen 
of di.soased cattle but not isolated. 
Two spores may form in a .'tingle coll if 
division is delayed. 

Bacterium ephestiac No. 1 and No. 2 
Metalnikov and Chorine. (Ann. In.sl. 
Pa.st., 43, 1929, 1394.) Not pathogenic 
for corn borer although the size of the 
larvae was reduced. Later, Ellingor 
and Chorine (Internat. Corn Borer 
Investigations, Sci. Rpts., 3, 1930. 37) 
identified the.se as strains of Bacillus 
thuringiensis. From diseased larvae of 
Ephesfia kuchniella. 

Bacterium filijorme Hcnrici. (Ilen- 
rici, Arb. bakt. Inst. Karlsruhe, 1, Heft 
1 , 1894, 41; not Bacterium filijorme 
Migula, Syst. d. Bakt., 2, 1900, 296; 
Bacterium suhfilifonne Migula, ibid., 
297.) From Swiss cheese. 

Bacterium galleriae No. 1, Chorine. 
(BAtonnet mince, Metalnikov, Compt. 
rend. Acad. Sci., Paris, 175, 1922, 69; 
Chorine, Ann. Inst. Past., 41 , 1927,1115.) 
From diseased larvae of the bee motii 
(Galleria mellonclla). 

Bacterium galleriae Chorine. (Plus 
grand batonnet, Metalnikov, Compt. 
rend. Acad. Sci., Paris, 175, 1922, 70; 
Chorine, Compt. rend. Soc. Biol., Paris, 
95, 1926 , 200; Bacterium galleriae No. 2, 
Chorine, Ann. Past. Inst., 4 /, 1927,1117.) 
From diseased larvae of the bee moth 
{Galleria mellonclla). Resembles Bacil¬ 
lus megatherium. Pathogenic for the 
corn borer (Internat. Corn Borer Invest., 
Sci. Repts., /, 1927,46). 

Bacterium galleriae No. 3, Chorine. 
(Ann. Inst. Past., 41 , 1927, 1118.) From 
diseased larvae of the bee moth (Galleriae 
meltonella). Resembles Bacillus subtilis 
and Bacillus mesenlericus. 
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Bacterium giganleum Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
453.) From the stomach and intestines 
of birds. 

Bacterium glaucescens Migula. {Ba¬ 
cillus thermophilus VI, Rabinowitsch, 
Ztschr. f. Hyg., 20, 1895, 158; Migula, 
Syst. d. Bakt., 2, 1900, 344; Bacterium 
thermopkilum VI, Chester, Man. De¬ 
term. Bact., 1901, 185.) From feces. 

Bacterium glutinosum Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
441.) From the stomach of a dove. 

Bacterium ilidzense’M.igula. {Bacillus 
ilidzensis capsulatus Karlinski, Hy- 
gienische Rundschau, 5, 1895, 688; 
Migula, Syst. d. Bakt., 2, 1900, 340.) 
From the water of a hot spring. Ther¬ 
mophilic. 

Bacterium implectans Burchard. (In- 
aug. Diss., 1897; Arb. bakt. Inst. Karls¬ 
ruhe, 2, Heft 1, 1898, 29.) From drink¬ 
ing water. 

Bacterium insulosum Wilhelmy. (Arb. 
bakt. Inst. Karlsruhe, 3, 1903, 16.) 
From meat extract. 

Bacterium msu/um Weiss. (Arb. bakt. 
Inst. Karlsruhe, 2, Heft 3, 1902, 252.) 
From fermenting malt. 

Bacterium inlactum Migula. {Bacil¬ 
lus thermophilus V, Rabinowitsch, 
Ztschr. f. Hyg., 20, 1895, 158; Migula, 
Syst. d. Bakt., 2, 1900, 344; Bacterium 
ihermophilum V, Chester, Man. Determ. 
Bact., 1901, 185.) From feces and corn. 

Bacterium iris Migula. (Irisierender 
Bacillus, Tataroff, Inaug. Diss., Dorpat, 
1891, 57; Migula, Syst. d. Bakt., 2, 1900, 
313; not Bacterium iris Chester, Ann. 
Rept. Del. Col. Agr. Exp. Sta., 9, 1897, 
125.) From water. 

Bacterium italicum No. 1 and No. 2, 
Metalnikov, Ermolaev and Skobaltzyn. 
(Ann. Inst. Past., 46, 1931, 470; No. 2 is 
also described in Internat. Corn Borer 
Invest. Sci. Repts., 5, 1930, 30.) From 
larvae of the corn borer {Pyrausta 
nubilalis). 

Bacterium longum Kern. (Kern, 
Arb. bakt. Inst. Karlsruhe, 1, Heft 4, 
1894, 391; Bacterium squamosum longum 
Kern, ibid., 458; Bacillus squamosus 


longus Chorine, Ann. Inst. Past., 
1927, 1114.) From the intestines of a 
dove {Columba oenas). 

Bacterium lunula Dobell. (Quart. 
Jour. Micro. Sci., 53, 1909, 579.) From 
rectum of the toad {Bvfo vulgaris). 


Resembles Bacterium binucleatum Swel- 
lengrcbel. 

Bacterium lydiae Migula. {Bacillus 
thermophilus I, Rabinowitsch, Ztschr. f. 
Hyg., 20, 1895, 156; Migula, Syst. d. 
Bakt., 2, 1900, 343; Bacterium ther- 
mophilum I, Chester, Man. Determ. 
Bact., 1901,185.) Widely distributed in 
soil, snow, feces, corn. 

Bacterium mansjieldii Chester. (Ba¬ 
cillus No. 18, Onn, Storrs Agr. Expt. 
Sta., 1893, 51; Chester, Man. Determ. 
Bact., 1901,197.) From milk. 

Bacterium markusfeldii Chester. (Ba¬ 
cillus der trichorrhexis nodosa, Markus- 
feld, Cent. f. Bakt., I Abt., 21, 1897, 


J30; Chester, Man. Determ. Bact., 1901, 
192.) Associated with the disease, tricho- 
•rhexis nodosa. 

Bacterium mesentericum Migula. {Ba- 
zillus mesentericus panis viscosi I, Vogel, 
Ztschr. f. Hyg., 26, 1897 , 404; Migula, 
3yst. d. Bakt., 2, 1900, 314; Bactenum 
panis Chester, Man. Determ. Bact., 
L901, 196.) From stringy bread dough. 

Bacterium mesenteroides Migula. (Ba¬ 
cillus No. XVII, Adametz, Landw. 
lahrb., 18, 1889, 249; Migula, Syst. d. 
Bakt., 2, 1900, 312; Bacterium mcosum 
Chester, Man. Determ. Bact., 1901,194.) 
From cheese. 

Bacterium modeslum Bersteyn. (Arb- 
bakt. Inst. Karlsruhe, 3, 1903, 95.) 
From soil. . . . . 

Bacterium monstrosumHennci. (Ar • 

bakt. Inst. Karlsruhe, 1, Heft 1, 1894, 

17.) From Swiss cheese. 

Bacterium nephritidis Migula. {B(^ 
zillus nephritidis interstitialis Letzerich, 

Ztschr. f. klin. Med., IS, 188-, 33; 

Syst. d, Bakt., 2, 1900. 310 ; not 
terium nephritidis Chester, Man. U® 
term. Bact., 1901, 145.) From ur.ne m 

cases of nephritis. 

Bacterium ochraceum * 

dllus viscosus ochraceus Freund, M 


family uacillaceae 
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Inaug, Diss., Erlangen. 1893, 37; Migula, 

Syst. d. Bakt., 2 , 1900, 333.) From the 
oral cavity. 

Bacterium oliuae Montemartini. (Atti 

Inst. Bot. Pavia Univ., 2 ser., 14 , 1914, 

154.) From diseased olive branches. 

Bacterium paludosum McBeth. (Soil 

Sci., /, 1916, 463.) Filter paper reduced 

to a white pulp-mass. From two soils in 
California. 

Bacterium perittomaticum Burchard. 
(Arb. bakt. Inst. Karlsruhe, 2 , 1898, 11.) 
Similar to or identical with Bacillus 
ruminatus (Gottheil, Cent. f. Bakt., 11 
Abt., 7, 1901, 485). From soil. 

Bacterium pituiians Burchard. (In- 
aug. Diss., 1897; Arb. bakt. Inst. Karls¬ 
ruhe, 2 , Heft 1, 1898, 8.) From a brown 
concretion in a cooked egg. 

Bacterium plicativum Weiss. (Weiss, 
Arb. bakt. Inst. Karlsruhe, 2 , Heft 3, 
1902, 223; not Bacterium plicativum 
Migula, Syst. d. Bakt., 2, 1900, v and 
453.) From fermenting beets and malt. 

Bacterium plicatum Henrici. (Hen- 
rici, Arb. bakt. Inst. Karlsruhe, 1 , Heft 1, 
1894,49; not Bacterium plicatum Chester, 
Man. Determ. Bact., 1901, 166.) From 
brick cheese. 

Bacterium pseudaceti Migula. (Ba¬ 
cillus No. XV, Adametz, Landw. Jahrb., 
18, 1889, 247; Migula, Syst. d. Bakt., £, 
1900, 320; Bacterium turgidum Chester, 
Man. Determ. Bact., 1901, 195.) From 
cheese. Characteristic involution forms 
very similar to those of Bacillus aceti 
Hansen. 

Bacterium pseudomycoides Migula. 
(Migula. Syst. d. Bakt., 2 , 1900, 486; 
Bacillus pseudomycoides roseus Nepveux, 
Thfese, Fac. Pharm., Nancy, 1920, 112.) 
From soil. 

Bacterium pseudovermiculosum Saito. 
(Jour. Ck)ll. Sci., Imp. Univ., Tokyo, 2S, 
Art. 15, 1908, 62.) Isolated twice from 
garden air. 

Bacterium pyrenei No. 1, No. 2 and No. 

3, Metalnikov, Ermolaev and Skobaltzyn. 
(Internat. Corn Borer Invest., 3, 1930, 

28 and Ann. Inst. Past., 46, 1931,467,468 
and 469 respectively; presumably the 


same as Bacillus pircnei Pospciov, Lenin 
Acad. Agr. Sci. (U.S.S.R.), Ann. Ilcpt. 
1936, 318-321.) No. 1 from diseased 
larvae of the corn borer {Pyrausta nuhi- 
lalis) that had become black after death ; 
No. 2 from larvae that had become brown ; 
and No. 3 from larvae that had become 
pinkish-brown. 

Bacterium radiatum Kern. (Kern, 
Arb. bakt. Inst. Karlsruhe, 1 , Heft 4, 
1896, 438; Bacterium barbatiim Migula, 
Syst. d. Bakt., 2, 1900, 317.) From the 
stomach of a finch. 

Bacterium rusticum Kern. (Arb. bakt. 
Inst. Karlsruhe, 1 , Heft 4, 1896, 440.) 
From the stomach of a sparrow. 

Bacterium S€mpervivu7n Migula. (No. 
XII, Fliigge, Ztschr. f. Hyg., 17, 1894, 
296; Bacillus lactis No. XII, Kruse, in 
Fliigge, Die Mikroorganismen, 3 Aufl., 2 , 
1896, 269; Migula, Syst. d. Bakt., 2 , 
1900,321.) From milk. 

BacteriurnserratumKern. (Arb. bakt. 
Inst. Karlsruhe, /, Heft 4, 1896, 451.) 
From the intestine of a dove. 

Bacterium sewerini Migula. (Sewerin, 
Cent. f. Bakt., II Abt., 3, 1897, 709,- 
Migula, Syst. d. Bakt., 2 , 1900, 330.) 
From manure. 

Bacterium spissum Kern. (Arb. bakt. 
Inst. Karlsruhe, 1 , Heft 4, 1896, 446.) 
From the intestine of a bird. 

Bacterium sputicola Migula. (Bacillus 
No. 4, Pansini, Arch. f. path. Anat., 122, 
1890, 440; Migula, Syst. d. Bakt., 2, 
1900,306; Bacteriutn sputi Chester, Man! 
Determ. Bact., 1901, 190.) From 

sputum. 

Bacterium streptococciforme Migula. 
{Bacillus thermophilus III, Rabino- 
witsch, Ztschr. f. Hyg., 20 , 1895, 156; 
Migula, Syst. d. Bakt., 2 , 1900, 343; 
Bacterium tkermophilum III, Chester! 
Man. Determ. Bact., 1901, 185.) From' 
soil, feces, corn. 

Bacterium subdenticulatum Migula. 
{Bacillus thermophilus VII, Rabino- 
witsch, Ztschr. f. Hyg., 20 , 1895, 158; 
Migula, Syst. d. Bakt., 2 , 1900, 345; Bac¬ 
terium tkermophilum VII, Chester, Man 
Determ. Bact., 1901, 185.) From feces. 



702 


MAXUAL OF DKTERMIXATIVE BACTERIOLOGY 


Bacterium suhrubeum Kern. (Arh. 
bakt. Inst. Karlsruhe, I, Heft 4, 1806, 
450; Bacillus subrnbeus Xopveux, These, 
Fac. Pharm., Nancy, 1020, 115.) From 
the intestines of birds. 

Bacterium subsquamosum Migula. 
(Bacterium squamosum longum Kern, 
Arb. bakt. Inst. Karlsruhe, 1, Heft 4, 
1806, 458; Migula, Syst. d. Bakt., 2, 
1000, 335.) From the intestines of a 
dove. 

Bacterium subthcrmophilum Migula. 
(Bacillus thcmnophilus IV, Rabino- 
witsch, Ztsohr. f. Hyg., 20, 1805, 157; 
Migula, Syst. d. Bakt., 2, 1900, 344; 
Bacterium thermophilum IV, Chester, 
Man. Detenu. Baot., 1001, 186.) From 
soil and feces. 

Bacterium subtilis var. galleriae 
Chorine. {Ann. Inst. Past., 41, 1027, 
1120.) From diseased larvae of the bee 
moth (Galleria mellonclla). 

Bacterium tenax Kern. (Arb. bakt. 
Inst. Karlsruhe, 1, Heft 4, 1806, 443.) 
From the stomachs of birds. 

Bacterium terrae (Ucke) Chester. 
(Streptobacillus terrae Ucke, Cent. f. 
Bakt., I Abt., 23, 1808, 1001; Chester, 
Man. Determ. Bact., 1001, 190.) From 
soil. 

Bacterium iruncatum Chester. (Ba¬ 
cillus No. 51, Conn, Stores Agr. Exp. 
Sta., 1804, 81; Chester, Man. Determ. 
Bact., 1901, 195; not Bacterium trunca- 
tu7n Migula, Syst. d. Bakt., 2, 1900, 407; 
not Bacterium Iruiicalutn Chester, ibid., 
157.) From milk. 

Bacterium verrucosum Kern. (Arb. 
bakt. Inst. Karlsruhe, 1, Heft 4, 1896, 
434.) From the stomachs and intestines 
of birds. 

Bacterium virgula (Duclaux) Migula. 
fTyrotkrix virgula Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, 23; Migula, Syst. d. 
Bakt., 2, 1900, 323.) From cheese. 

Bacterium viride van Tieghem. (Van 
Tieghem, Bull. Soc. Bot. France, 1880, 
174; Bacillus viridis Trevisan, I generi 
e le specie delle Batteriacee, 1889, 18.) 

Cellulobacillus mucosus Simola. (Ann. 
Ac. Sc. Fenn., Ser. A, S4, 1931; abst. in 


Cent. f. Bakt., II Abt., 86, 1932, 89.) 
Thermophilic; cellulose decomposed 
quickly at 55° to 60°C, more slowly at 
37°C. 

Cellulobacillus myxogenes Simola (loc. 
cit.). Not slimy as above. 

Clostridium gelatinosum Laxa. (Eine 
thermophilen Bacillus, Laxa, Cent. f. 
Bakt., II Abt., 4, 1808, 362; Laxa, ibid., 
6, 1900, 286; 8, 1902, 154; Bacterium 
sacchariphilum Migula, Syst. d. Bakt., 

2, 1000 , 341; Bacterium laxae Chester, 
Man. Determ. Bact., 1901, 187.) From 
sugar factory wastes. Produces slime in 
sucrose solutions. Probably a variety of 
Bacillus vulgatus according to Sacchetti 
(Cent. f. Bakt., II Abt., 96, 1936, 115). 

Denilrobacterium thermophilum Am- 

broz. (Cent. f. Bakt., II Abt., 57,1913, 

3. ) From soil. 

Lactobacillus sporogenes Horowitz- 
Wiassowa and Nowotelnow. (Cent. f. 
Bakt., II Abt., 87, 1933 , 331.) Resem¬ 
bles Laclobacillus delbrueckii but forms 
ellipsoidal, terminal spores. 

Melabaclerium polyspora Chatton and 
Perard. (Compt. rend. Soc. Bio!., Paris, 
65, 1913, 1232.) The type species of the 
genus Melabaclerium, characterized by 
forming one to eight spores in a single 
cell. From the caecum of guinea pigs 
See Buchanan (Jour. Bact., 5, 1918, 39). 

Myxobacillus betae Gonnermann. 
(Ocsterreich-Ungarische Ztschr. f. Zuck- 
crind. u. Landwirtsch., 36, 1907, 877; 
see Cent. f. Bakt., II Abt., 21, 1908.258.) 
Produces slime in sucrose solutions. 
Appears to be closely related to Bacillus 


ubtilis. 

Kiirosobacillus thermophilus Campbell. 
Science, 75. 1932, 23.) A thermophilic 
erobic rod with swollen clavate sporan- 
ia; forms nitrites from ammonium salts, 
rom surface layers of soil from Nort 

iarolina and Florida. 

Semiclostridium commune, S. alreum, 
. flavum and S. rubrum Maassen. 
\rbt. a. d. biol. Abt. f. Land- u. Foret- 

irtsch. am kaiserl. Ges. Amt., 5, > 

.) Produce slime in sucrose solutions. 
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Genus II. Clostridium/Va 2 mou’sA:i.* 

(Prazmowski, Untersuclmngcn fiber die Eiitwickelungsige.schiohte uiui Ferinciit- 
wirkung einigor Bactcricn-Arten, Inaug. Diss.. Leipzig, 1880 , 23; Muller 

Vermmm terrcstrium et fluviatilum, /, 1773, 39; Bacterium Ehretibcrg, Evertcbrata! 
Berlin, 1828, (8?)**; Mctallactcr Perty, Zur Kenntniss kleinstcr Lcbensforinen, 1832, 
(180?); Aimjlohactcr Trecul, Compt. rend. Arad. Sci., Paris, 61, 1805, -135; Bacillus 
Cohn, Beitr. z. Biol. d. Pflanzen, 1, Heft 2, 1872, 175; Tyroihrix Duclaux, Ann. Inst. 
Nat. Agron., 4, 1882, (79?); Pacinia Trevisan, Atti della Acrad. Fis.-Med.-Statist 
Milano, Ser. 4, 5, 1885, (83?); Cornilia Trevisan, I gcnori e le specie dolle Batteriacce, 
Milano, 1889, 21; Grnn(do6adcr Beijerinck, Verhandl. d. k. Akad. v. Wotcnscli.’ 
Amsterdam, Twecdie Sect., Deel I. 1893,4 ; liactridium, Paraplecirum, Diplcctridium 
and Plectridium Fischer, Jahrb. f. Wissensch. Botan., 27, 1895, 139; Granulobacillus 
Schattenfroh and Grassbergcr, Cent. f. Bakt., II Abt., 5, 1899, 702; Strcptohacillus 
Hist and Khoury, Ann. Inst. Past., 16, 1902, 70; BotulobaciUus, Butyribncillus, Ccl- 
lulobacillus, Putribacillus and Pcclobacillus Orla-Jcnsen, Cent. f. Bakt., II Abt., 22, 
1909, 842-343; Pectinobacter Makrinov, Arch. Sci. Biol. (Huss.), 18, 1915, 442; Bac- 
teroidcs Castollani and Chalmers, Man.of Trop. Med., 3rd cd., 1919, 959; Butyriclos- 
iridium and Putriclosiridium Orla-Jensen, Jour. Bact., 6*, 1921, 203; RivoUillus and 
Metchnikovillus Heller, Jour. Baot., 6, 1921, 5.50; Omclianskillus, Macinloshillus, 
Douglasillus, Ilcnrillus, Flerningillus, Vallorillus, Multifcrmentans, Iliblcrillus, 
W elchillus, Sioddardillus, Arloingillus, Meyerillus, Xovillus, Seguinillus, Rcglillus, 
Robertsonillus, KicoUaierillus, Martcllillus, Recordillus, Tissicrillus, I^ntrifir.us, 
Ermengemillus and Weinbergillus Heller, Jour. Bact., 7, 1922, 5-9; Peptoclostridium 
Donker, Inaug. Diss., Delft, 1926,23; Botulinus, Chauvoeaand Welchia Pribram, Jour. 
Bact., 18, 1929, 374; Anaerobacillus, Verrucosus and Euclostridium Janke, Cent. f. 
Bakt., II Abt., 80, 1930,490; Butylobacler Bakonyi, U. S. Letters Pat., 1,818,782,1931; 
Caduceus, Endosporus, Injlabilis, Palmula an<i Terminosporus Prdvot, Ann. Inst. 
Past., 61, 1938, 76-80; Acujormis (syn. Palmula) Prdvot, Man. d. Class., etc., 1940, 
152.) From Greek, clostridium, a little spindle. 

Hods, frequently enlarged at sporulation, producing clostridial or plcctridial forms. 
The cells possess no catalase. Anaerobic or microacrophilic. Biochemically very 
active. Many species ferment carbohydrates producing various acids (frequently 
including butyric) and gas (COj, IL and sometimes CH 4 ). Others cause rapid putre¬ 
faction of proteins producing ofl'cnsivc odors. Commonly found in soil and in human 
or animal feces. Some species, while growing saprophytically on decomposing vege¬ 
table matter or on dead tissue within an animal host, form various toxic and lytic 
substances and are thereby pathogenic. 

The type species is Clostridium butyricum Prazmowski. 

Key to the species of genus Clostridium. 

I. Strictly anaerobic. 

A. Not typically fermenters of cellulose. 

1. Do not characteristically piroduce distinctive pigments, 
a. Sjiores central, excentric, to subfcrminal. 
b. Spore.s oval. 


*Heviscd by Prof. H. S. Spray, School of Medicine, West Virginia University, 
Morgantown, We.st Virginia, November, 1938; further revision May, 1!J42. 

•* In a few inslancc.s tlie original records wore inacce.s.sible. In such case.s the page 
is indicated as (8?). In all other cases tiic page indicates what is believed to be the 
earliest record of the designation cited. 
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0 . Rods distinctly swollen at sporiilation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied, 

f. Glucose fermented, 

g. Coagulated albumin not liquefied. 

h. Stormy fermentation, or at least active coagulation of 
milk. Also see hhh. 

i. Glycerol not fermented, 

j. Mannitol fermented. 

k. Starch, lactose and sucrose fermented. 

1. Clostridium butyricum. 

kk. Starch not fermented. Lactose and sucrose 
fermented. 

la. Clostridium beijerinckii. 
jj. Mannitol not fermented. 

k. Starch and lactose not fermented. 

lb. Clostridium pasteurianum. 

ii. Glycerol fermented. 

]. Mannitol not fermented. 

k. Starch, lactose, sucrose and salicin fermented. 

l c. Clostridium multifermentans. 

hh. Milk slowly coagulated; not stormily. Also see hhh. 

i. Glycerol and mannitol not fermented. 

2. Clostridium fallax. 

ii. Glycerol not recorded. 

j. Acid, but no gas, from lactose and sucrose. 

3. Clostridium fissum. 
hhh. Milk not coagulated. 

i. Glycerol not fermented. 

4. Clostridium diddle. 
gg. Coagulated albumin not recorded. 

h. Milk acidified, but not coagulated. 

5. Clostridium viscijaciens. 

ee. Gelatin, or glucose gelatin, liquefied, 

f. Glucose fermented, 

g. Coagulated albumin not liquefied. 

h. Milk slowly coagulated. Clot not digested. 

i. Glycerol and mannitol not fermented. 

j. Lactose fermented. , 

k. Sucrose not fermented. Salicin fermen e 

6. Clostridium septicum. 

kk. Sucrose fermented. Salicin not fermented. 

7. Clostridium feseri. 

ii. Glycerol fermented. 

8. Clostridium kemolyticum. 
hh. Milk acidified but not coagulated. 

i. Glycerol fermented. 

j. Mannitol not fermented. j ooi5i»in 

k. Starch fermented. Lactose, sucrose an 
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not fermented. Kxotoxiii formed; toxin on 
injection but not on feetlinj;. 

9. Clostridium novyi. 

' kk. Starch not recorded. 

1. Lactose, sucrose and salicin not fermented, 
m. -Vdonitol fermented. 

10. Clostridium botulinum. 
mm. Adonitol not fermented. 

10a. Clostridium botulinum. Type C. 
gg. Coagulated albumin slowly to rapidly liquefied. 

h. Stormy fermentation, or at least active coagulation 
of milk. Clot not digested. 

11. Clostridium acetobutylicum. 

hh. Milk slowly and softly coagulated ; not stormily. Clot 
slowly to rapidly digested. 

i. Glj'cerol and mannitol not fermented. Also see iii. 

j. Starch not recorded. 

k. Lactose fennented. 

12. Clostridium aerofocUdum. 
kk. Lactose not fermented. 

13. Clostridium sporoycncs. 

13a. Clostridium sporogenes var. A. I\ Marie. 
13b. Clostridium sporogenes var. equine. 

13c. Clostridium tyrosinogenes. 

13d. Clostridium flabelli/erum. 

13e. Clostridium parasporogenes. 

ii. Glycerol fermented. Also see iii. 
j. Mannitol not fermented. 

14. Clostridium parabotuHnum 

Types A and B. 

iii. Glycerol not recorded. 

j. Mannitol and starch not recorded. 

k. Lactose and sucrose weakly fermented. 

I. Gas formed from carbohydrates. 

15. Clostridium saccharolyticum. 

II. Gas not formed from carbohydrates. 

16. Clostridium regulare. 

ff. Glucose not fermented. (Carbohydrates not fermented.) 
g. Coagulated albumin not digested. Lab-coagulation of 
milk; increasing alkalinity. Clot digested. 

17. Clostridium kastiforme. 

gg. Coagulated albumin not recorded. Slow, mildly acid 
coagulation of milk. Clot digested. 

18. Clostridium subterminale. 

dd. Non-motile. 

e. Gelatin, or glucose gelatin, not liquefied. 

19. Clostridium mnlenominatum. 

. Rods not swollen at sporulation. 
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(I. Motile. 

e. Gelatin, or glucose gelatin, liquefied, 

f. Glucose fermented. 

g. Coagulated albumin liquefied. ^Iilk slowly coagulated. 

Clot slowly digested. 

20. Clostridium bifcrmentans. 

gg. Coagulated albumin not recorded, 
li. Milk slowly coagulated; slimy. 

i. Gas formed from glucose. 

21. Clostridium mucosum. 

ii. Acid but no gas from glucose. 

22. Clostridium pruchii. 

ce. Iron-gelatin (Spray), no growth. 

23. Clostridium cylindrosporum. 

(Id. Non-motile. 

e. Gelatin, or glucose gelatin, liquefied, 

f. Glucose fermented. 

g. Coagulated albumin not liquefied. 

h. Milk stormily fermented. Clot not digested, 

i. Glycerol fermentation variable, 

j. Mannitol not fermented. Starch, lactose and su¬ 
crose fermented. Salicin rarely fermented. 
Types identified by specific toxin-antitoxin 

neutralization. 

24. Clostridium perfringens 
Types A, B, C and D. 

bb. Spores spherical. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

c. Gelatin, or glucose gelatin, not liquefied. 

f. Glucose fermented, 
g. Coagulated albumin not liquefied. 

h. Milk acidified; slowly and softly coagulated; 

stormily. Clot not digested. 

25. Clostridium spkenoides. 

hh. Milk acidified but not coagulaUd. 

26. Clostridium innominatum. 

cc. Rods not swollen at sporulation. 

d. Non-motile. . 

e. Gelatin, or glucose gelatin, not liquehecl. 

f. Glucose fermented. 

g. Coagulated albumin not liquefied, 

h. Milk acidified but not coagulated. 

27. Clostridium jUiforme. 


aa. Spores terminal. 

b. Spores distinctly oval to ellipsoid, 
c. Rods distinctly swollen at sporulation. 



Gelatin, or glucose gelatin, not liquefied. Also see ece 
f. Glucose fermented. 
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g. Coagulated albumin not liquefied. 

h. Milk slowly coagulated. Clot not digested. 

i. Glycerol not fermented, 

j. Mannitol fermented. 

28 . Clostridiuyn sariagoformum. 

jj. Mannitol not fermented. 

29. Clostridium parapulrificum. 
ff. Glucose not fermented. 

g. Coagulated albumin not liquefied. Milk unchanged. 

30. Clostridium cochlearium. 
gg. Coagulated albumin not recorded. 

h. Milk, or iron-milk (Spray), no growth. 

i. Carbohydrates not fermented. 

j. Ethyl alcohol fermented chiefly to caproic acid. 

31. Clostridium kluyverii. 

jj. Ethyl alcohol not fermented to caproic acid. 

32. Clostridium acidiurici. 

ee. Gelatin, or glucose gelatin, liquefied. Also see eee. 

f. Glucose fermented. 

g. Coagulated albumin liquefied. 

h. Milk often, but not always, coagulated. Clot, if 
formed, not digested. ’ 

33. Clostridium capilovale. 

hh. Milk acidified but not coagulated. Slow peptoniza¬ 
tion. 

i. Glycerol and mannitol not recorded. 

j. Starch not fermented. 

34. Clostridium parabifermentans. 

jj. Starch not recorded. Lactose weakly fermented. 

35. Clostridium oro^are. 

eee. Gelatin, or glucose gelatin, not recorded. Glucose fermented 
with acid but no gas. 

36. Clostridium zoogleicum. 
bb. Spores spherical, or nearly so. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied. Also see eee. 

f. Glucose fermented. 

g. Coagulated albumin not liquefied. 

h. Milk slowly coagulated, not stormily. Clot not diges¬ 

ted. Also see hhh. 


37. Clostridium thermosaccharolyticum. 
hh. Milk not coagulated; unchanged. Also see hhh. 

38. Clostridium caloritolerans. 

hhh. Milk slowly alkalinized; casein slowly separated. 

39. Clostridium tetanoides. 

ee. Gelatin, or glucose gelatin, liquefied. Also see eee. 
f. Glucose not fermented. 
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g. Coagulated albumin slowly liquefied. 

h. Milk may show soft lab-coagulation. Clot not definitely 

digested. 

40. Clostridium teiani. 

hh. Milk shows slow, soft lab-coagulation. Clot slowly 
digested. 

41. Clostridimn lentoputrescens. 

ff. Glucose weakly fermented, 
g. Coagulated albumin slowly liquefied. 

h. Milk variably coagulated. Clot, if formed, variably 

digested. 

42. Clostridiujn filamentosum. 
eee. Gelatin records at variance. 

f. Glucose fermented, 

g. Coagulated albumin not liquefied, 

h. Milk not coagulated; unchanged. 

43. Clostridium ietanomorphum. 

dd. Xon-motile. 

e. Gelatin, or glucose gelatin, not liquefied, 

f. Glucose fermented, 

g. Coagulated albumin not recorded. 

44. Clostridium alcaligenes. 

ce. Gelatin, or glucose gelatin, liquefied, 
f. Glucose fermented, 
g. Coagulated albumin not liquefied. 

45. Clostridium angulosum. 

gg. Coagulated albumin liquefied. 

46. Clostridium putrefaciens. 

Characteristically produce pigments of varied colors, 

a. Spores central, excentric, to subterminal, 

b. Spores oval. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, not liquefied. 

f. Black pigment formed around colonies in deep agar. 

47. Clostridium nigrificans. 
ff. Violet pigment formed in potato mash. 

g. Indole is formed. 

48. Clostridium belfaniii. 

gg. Indole is not formed. 

48a. Clostridium maggiorai. 

fff. Green pigment formed on potato slant. 

g. Indole is formed. 

48b. Clostridium derossxi. 

48c. Clostridium ottolenghii. 

48d. Clostridium paglianii. 

gg. Indole is not formed. 

48e. Clostridium lustigii- 
48f. Clostridium sciavoi. 
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ffff. Ued pigment formed in potato mash, 
g. Indole not recorded. 

49. Clostridium venturelli. 
ee. Gelatin, or glucose gelatin, liquefied. 

f. Red to orange-red pigment formed, especially in starcliy 
media. 

g. Indole is not formed. 

h. Stormy fermentation of milk. Clotslowly softened. 

50. Clostridiu7n roseum. 

hh. Slow, siK>ngy coagulation of milk. Clot slowly digcstctl. 

51. Clostridium chromogenes. 

ff. "i ellow-orange pigment formed in various media, 
g. Indole is not formed. 

h. Milk actively coagulated, not stormily. Clot is not 
digested. 

52. Clostridium felsineum. 

aa. Spores terminal, 

b. Spores oval. 

c. Rods distinctly swollen at sporulation. 

d. Non-motile. 

e. Gelatin, or glucose getamin, no liquefied, 

f. Deep red pigment formed on potato slants. 

53. Clostridium carbonei. 

B. Typical fermenters of cellulose. 

1. Do not characteristically produce distinctive pigments. 

a. Spores terminal, 

b. Spores distinctly oval to ellipsoid. 

c. Rods distinctly swollen at sporulation. 

d. Motile. 

e. Gelatin, or glucose gelatin, liquefied. Ferments a variety of 

carbohydrates, other than cellulose, after prolonged cul¬ 
tivation. 

54. Clostridium spumarum. 

ee. Gelatin, or glucose gelatin, not recorded. Carbohydrates, 
other than cellulose, not fermented. 

55. Clostridium werneri. 
bb. Spores spherical, or nearly so. 

c. Rods distinctly swollen at sporulation. 
d. Non-motile. 

56. Clostridium cellulosolvens. 

2. Characteristic pigments produced in certain media. 

a. Spores terminal. 

b. Spores distinctly oval to ellipsoid. Rods distinctly swollen at 
sporulation. 

57. Clostridium dissolvens. 

bb. Spores spherical, or nearly so. Rods distinctly swollen at sporula¬ 
tion. 


58. Clostridium omelianskii. 
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II. Microaerophilic. Grow customarily as anaerobes, but are able to produce scan 
sometimes atypical, growth on aerobic agar slants. 

A. Not typically fermenters of cellulose. 

1. Do not characteristically produce distinctive pigments. 

a. Spores central, excentric, to subterminal. Spores oval. Rods dis 
tinctly swollen at sporulation. 

59. Clostridium carnis. 
ce. Gelatin, or glucose gelatin, liquefied. 

f. Carbohydrates not fermented. 

60. Clostridium histolyticum. 

aa. Spores terminal. Spores distinctly oval to ellipsoid. Rods distinctly 


swollen at sporulation. 

61. 

1. Clostridium butyricum Prazmowski. 
(Untersuch. ii. d. Entwickelungsgesch- 
ischtc u. Fermentwirk. einiger Bacterien- 
Arten, Inaug. Diss., Leipzig, 1880, 23; 
Bacillus hutyricus Fliigge, Die Mikroorg., 

2 Aull., 1SS6, 296.) From M. L., acidum 
butyricum, butyric acid. 

Described from the original incom¬ 
plete records of Prazmowski, as amplified 
by the studies of Adamson, Jour. Path, 
and Bact,, 22, 1919* 371, and of Hall, 
Jour. Inf. Dis., SO, 1922,467. 

Rods;0.7 by 5.0 to 7.0 microns, straight 
or slightly curved, with rounded ends, 
occurring singly, in pairs, in short chains 
and occasional long filaments. Motile. 
Spores oval, excentric to subterminal, 
swelling rods to clostridial forms. Gram- 
positive, becoming Gram-negative. 

Granulose positive in clostridial stage 
(blue color with iodine). 

Gelatin and glucose gelatin: Not 
liquefied. 

Plain agar slant (anaerobic): Little or 
no growth. 

Glucose agar surface colonies (anaero¬ 
bic); Circular or slightly irregular, 
slightly raised, moist, creamy-white. 

Deep glucose agar colonies: Biconvex, 
dense, yellowish-white, entire. Agar 
fragmented early by abundant gas. 

Blood agar not hemolyzed. 

Plain broth: Little or no growth. 

Glucose broth: .Abundant, diffuse tur¬ 
bidity; much gas. 

Litmus milk: Acid and early coagula¬ 
tion. Litmus is reduced. Stormy fer- 


Clostridium tertium. 

mentation; clot fragmented but not 
digested. 

Indole not formed. 

Nitrites not produced from nitrates. 

Fixes atmospheric nitrogen. 

Acid and gas from xylose, glucose, lac¬ 
tose, sucrose, starch, salicin, esculin and 
mannitol. Amygdalin, pectin, cellulose, 
glycerol and Ca-lactate not fermented. 

Fermentation products include butyl, 
ethyl and iso-propyl alcohols, acetone, 
organic acids, Hj and COi. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows well from 30**C to 37°C. 

Anaerobic. 

Source: Originally isolated from cheese. 
Commonly encountered in naturally 
soured milk, in naturally fermented 
starchy plant substances and in soil. 

Habitat: Probably rather widely dis¬ 
persed in soils rich in humus. 

Note: Many butyric acid-producing 
anaerobes are recorded in the Iiteratui^. 
The questionable purity and the ‘ 
plete descriptions, particularly o 
older species, make it difficult to e ar 
mine the degree of relationship o “ 
species to Clostridium butyricum FrW- 
mowski. The following list cites 
outstanding historic or recently 
scribed species. 
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Ferment butyrique, Pasteur, Compt. 
rend. Acad. Sci., Paris, 62, 1861, 345 
(Vibrion butyriqiie, Pasteur, ibid., 1261); 
Bacillus amylobacter van Tieghem, Bull, 
dc la Soc. Botan. de France, $4, 1877, 128 
(Metallacter amylobacter Trevisan, Reale 
1st. Lombardo d. Sci. e LettRendiconti, 
1879, 147; Clostridium amylobacter Hol¬ 
land, Jour. Bact., 6, 1920, 217); Bac¬ 
terium navicula Reinke and Berthold, 
Untersuch. a. d. Bot. Lab. d. Univ. 
Gottingen, 1, 1879,21 (Amylobacter navic¬ 
ula Welimer, Cent. f. Bakt., II Abt., 4, 
1898, 696; Bacillus navicula Chester, 
Ann. Rept. Del. Col. Agr. Kxp. Sta., 
10, 1898, 128; Clostridium naviculum 
Prdvot, Ann. Inst. Past., 61, 1938, 80); 
Bacillus butylicus Fitz, Ber. d. Deuts. 
Chem. Gesellsch., 16, 1882, 867 (Bac¬ 
terium fitz Buchner, Ztschr. f. Physiol. 
Chem., 9, 1885, 384); Butylbacillus, 
Buchner, ibid,, 391; Clostridium butyr- 
icum (Bacillus amylobacter) I, II, III, 
Gruber, Cent. f. Bakt., 1, 1887, 370-371; 
Bacillus butylicus Migula, Syst. d. Bakt., 
2, 1900, 598 (Clostridium butyricum I, 
Gruber, Cent. f. Bakt., 1, 1887, 370); 
Bacillus (jruberi Migula, loc. ciL, 599 
(Clostridium butyricum II, Gruber, loc. 
cil., 371); Bacillus subanaerobius Migula, 
loc. cil., 600 (Clostridium butyricum III, 
Gruber, loc. cit., 371); Bacillc amyl- 
ozyme, also bacillc amylocyme, Perdrix, 
Ann. Inst. Past., 6, 1891, 290 (Bacillus 
amylozyma Migula, Syst. d. Bakt., 2, 
1900, 626; Bacillus amylozymicus Peter¬ 
son, Scott and Thompson, Biochem. 
Ztschr., 219, 1930, 1; Clostridiutn amj/l- 
ozyme Prdvot, Ann. Inst. Past., 61, 
1938, 79; Clostridium var. amylozyme 
Pr(5vot, Man. d. Class., etc., 1940, 109); 
Bacillus orlhohutylicus Grimbert, Ann. 
Inst. Past., 7, 1893, 353; Oranulohacter 
butylicum Beijerinck, Veihandl. d. K. 
Akad. V. Wetensch., Amsterdam, Twee- 
die Sectio, Deel I, 1893, 3 (Clostridium 
butylicum Donkcr, Thesis, Delft, 1920, 
MO; Amylobnrter butylicum van Beynum 
and Petto, Cent. f. Bakt., 11 Abt., 93, 


1 

i 1 1 

1935, 200; this species is probably identi¬ 
cal with Clostridium butyricum I Gruber, 
Cent. f. Bakt., I Abt., 1 , 1887, 370); 
Oranulohacter saccharobutyricum Bei¬ 
jerinck, loc. cit., 3, also in .\r(“h. Neer- 
land. d. Sci. E.xactes et Nat., 29, 1896, 1 
{commonly identified with Bacillus bu¬ 
tylicus Fitz, Ber. d. Deuts. Chem. 
Gesellsch., 15, 1882, 867; Bacillus 

humosus Migula, Syst. d. Bakt., 2 , 1900, 
600; Clostridium saccharobutyricum Don- 
ker. Thesis, Delft, 1926, 117; Amylo¬ 
bacter saccharobutyricus van Boyimrn 
and Pette, Cent. f. Bakt., II Abt., 93, 
1935, 200); Bacillus saccharobutyricus 
von Klccki, Cent. f. Bakt., II Abt., 2, 
1896, 169; Bactridium butyricum Chudia- 
kow, Zur Lehre von dor Anaerobiose 
(Russ.), Teil I, 1896, (?), cited by Roth- 
ert. Cent. f. Bakt., II Abt., 4, 1898, 300; 
Oranulobacillus saccharobutyricus 7 uobilis 
non-liqucjaciens Schattenfroh and Grass- 
berger. Cent. f. Bakt., II Abt., 6 , 1899, 
702 (beweglichc Buttersaurebacillus, 
Grassberger and Scliattenfroli, Arch. f. 
Ryg-. 42, 1902, 219; Bacillus sacckaro- 
butyricus ttwbilis lIoplTe, Ztschr. In- 
fekrnkh. d. Haust., I 4 , 1913, ‘S9G; Bacillus 
amylobacter mobilis Gratz and V'as, Cent, 
f. Bakt., II Abt., 41 , 1914, 509); Plcc- 
tridium pectinovorum Stormer, Mitleil. 
d. Deuts. Landwirts. Gesellsch., 18, 
1903, 195 (Microbe du rouissage, Wino¬ 
gradsky, Compt. rend. Acad. Sci., Paris, 
121 , 1895, 744; Oranulohacter pcclino- 
vorum Beijerinck and van Deldcn, Arch. 
Nderland. d. Sci. Exactes et Nat., Ser. 
II, 9, 1904, 423; Clostridium pcctinovorum 
Donker, Thesis, Delft, 1926, 145); Bacil¬ 
lus holobutyricus Perdrix, Compt. rend. 
Soc. Biol., Paris, 67, 1904, 481; Bacillus 
amylobacter Brodemann, Cent. f. Bakt., 
II Abt., 23, 1909, 385 (Clostridium amylo¬ 
bacter Prevot, Ann. Inst. Past., 61, 1938, 
IG)', Amylobacter nonliquejaciens Rusch- 
mann and Bavendamm, Cent. f. Bakt., 
II Abt., 64 , 1925, 359; Clostridium inter¬ 
medium Donker, Thesi.s, Delft, 1926, 
147 (Strain No. 3, Donker, ibid., 39); 
Clostridium butyricum iodophilum 
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Svartz, Jour. Inf. Dis., 1930, 138 
(Cloi^hidiuni iodophiluni Rre^vot. .Vnn. 
Inst. Past., (ii. 193S, SO); Granulnhncicr 
saccharohulijrivux innnobitv nonUqueJd- 
cicns McC'oy, Frcal, Peterson and 
Hastings, Jour. Inf. Dis., 4^, 1930, 121; 
lincillus (iniijlobactcr S and IP, Werthcim, 
r. 8. Potters Pat., 1,917,676, 1933; 
('loslridium iijrobutyricum van Beynum 
and Petto, Cent. f. Bakt., II Abt., 93, 
1935, 20S; Clostridium polyfermenticum, 
Clostridium saccharopctum, Clostridium 
.saccharophilicum and Clostridium sac- 
rhfiroposlulatum Partansky and Henry, 
Jour. Baot., SO, 1935, 564. 

la. Clostridium beijerinckii Donker. 
(Donker, Thesis, Delft, 1926, 145.) 
Named for M. W. Bcijerinck, the Dutch 
bacteriologist. 

Has the general characters of Clos¬ 
tridium butyricum. 

Distinctive character: Non-fermenta¬ 
tion of starch. 

.\cid and gas from glucose, lactose, 
sucrose, inulin, galactose, fructose and 
mannitol. Glycerol and starch not fer¬ 
mented. 

Source: From soil and fermenting plant 
tissues. 

Habitat: Apparently widely distrib- 
\ited in agricultural soils. 

lb. Clostridium pasteurianum Wino¬ 
gradsky. (Winogradsky, Arch. Sci. Biol. 
(Russ.), S, 1895, 330; Clostridium pas- 
lorianum Winogradsky, Cent. f. Bakt., 
II Abt.,1902,43; Bacillus pasteurianus 
Lehmann and Neumann, Bakt. Diag., 
4th Aufl., 1907,82; Bacillus pastorianus 
Lehmann and Neumann, ibid., 462; not 
Bacillus pastorianus Mac6, Traits Prat, 
d. Bact., 4th ed., 1901, 957; Bacillus 
winogradskyi Weinberg et al., Les Mi¬ 
crobes Anat^r., 1937, 645.) Named for 
Louis Pasteur, the French scientist. 

Probably related species : Bodily, Univ. 
Colorado Studies, 26, 1938, 30, records 5 
new species isolated from 10 strains re¬ 


ceived labeled C. pasteunanum. These 
have been designated as Bacillus dulcito- 
fermentans, Bacillus rhamnoticus, Bacil¬ 
lus inulofugus. Bacillus nonpentosus sxid 
Bacillus azoticus. 

Has the general characters of Clos¬ 
tridium butyricum. 

Distinctive characters: Prolonged re¬ 
tention of the spore within a peculiar 
brush-like spore-capsule, and the non- 
fermentationof starch. Assimilates free 
atmospheric nitrogen. 

Distinguished from Clostridium bei¬ 
jerinckii by the non-fermentation of 
lactose and mannitol, and from Clos¬ 
tridium butyricum by the non-fermenta¬ 
tion of starch. 

Acid and gas from glucose, sucrose, 
inulin, galactose, fructose and dextrin. 
Glycerol, starch, lactose and mannitol 
not fermented. 

Source : Originally isolated from soil. 

Habitat: Not determined, but appar¬ 
ently of restricted and local distribution 

in soil. 

Ic. Clostridium multi fermentans Ber- 
gey et al. {Bacillus 7 nullifermentans 
tenalbus Stoddard, Lancet, 1, 1912, 12; 
Multifermentans tenalbus Heller, Jour. 
Bact., 7, 1922, 6; Bergey et al.. Manual, 
1st ed., 1923, 324.) From Latin, mu/hw, 
many, and fermentans, fermenting. 

Has the general characters of Clos¬ 
tridium butyricum, and is probably ony 
a variety. 

Distinctive character: Blood agar 
colonies show a zone of hemolysis m 

hours. 

Nitrites are produced from nitrates. 

Distinguished from Closlridtum «- 
tyricum by the above characters and y 
the fermentation of glycerol and non¬ 
fermentation of mannitol. 

Distinguished from Clostridium bei^ 
jerinckii by the fermentation of sta 
and of glycerol. 

Distinguished from 
teurianum by fermentation of starch 

of lactose. 
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Acid ami gas from glucose, fructose, 
galactose, maltose, lactose, sucrose, ratTi- 
nose, starch, saliciu, iiuiliu and glycerol. 
Mannitol and dulcitol not fermented. 

Source; Originally isolated from human 
gaseous gangrene. 

Habitat: Fouiul in soil and milk. 
Widely distributed in nature. 

2. Clostridium fallax (Weinberg and 
Seguin) Bergey ct al. (Bacille A, 
Weinberg and Seguin, Compt. rend. Soc. 
Biol.. Paris, 78, 1915, 277; Bacillus Jallax 
Weinberg and Seguin, ibid., 686; not 
Bacillus fallax Ornstein, Ztschr. f. 
Hyg., 91, 1020, 159; Vallorillus fallax 
Heller, Jour. Bact., 7, 1922, 6; Bergey 
et al., Manual, 1st ed., 1923, 325.) From 
Latin,/a//aj, deceptive. 

Rods: 0.6 by 1.2 to 5.0 microns, occur¬ 
ring singly or rarely in pairs. Motile 
with peritrichous llagella. Encapsulated 
in body fluids. Spores rarely observed, 
oval, excentric to subterminal, swelling 
rods. Gram-|x)sitive. 

Gelatin not liquefied. 

Glucose agar surface colonies (anaero¬ 
bic): Circular, flat, with transparent, 
crenated rnai^in. 

Glucose agar deep colonies : Lenticular, 
bean-shaped, irregular, smooth. 

Agar slant (anaerobic); Grayish film. 

Broth; Poor growth; slight diffuse 
turbidity. 

Glucose broth: Abundant turbidity 
and gas. Clearing by sedimentation. 

Indole not formed (Duffett, Jour. 
Bact., 29, 1935, 576). 

Litmus milk; Acid, slowly coagulated. 
Litmus reduced. Clot channeled by gas, 
but not digested. 

Acid and gas from glucose, galactose, 
fructose, maltose, lactose, sucrose, inu- 
lin, salicin and starch. Glycerol and 
mannitol not fermented. Records vary 
in regard to action on lactose, inulin and 
salicin. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 


Meat medium reddened; not blackened 
or digested. 

1 athogenicity lor guinea pig varia!)le, 
and commonly lost in cultivation. Fonn.s 
a weak exotoxin. 

Optimum temperature not recorded; 
grows well at 37°C. 

.\naerobic. 

Source: From war wounds, a|)i)emliei- 
tis, and once from black-leg of sheep. 

Habitat: Not determined, other than 
these sources. 

3. Clostridium fissum (Debono) Ber¬ 
gey et al. (Bacillusfis.'ius Debono, Cent, 
f. Bakt., I Abt., Orig., 62, 1912 , 232; 
Bergey et al.. Manual, 1st ed., 1923,332.) 
From Latin, Jissam, separated. 

Rods: Variable in size, rounded or 
square ends, occurring singly, in pairs 
and in chains and filaments. Motile. 
Spores small, oval, subterminal, slightly 
swelling rods. Gram-positive. 

Gelatin: Not liquefied. 

Deep gelatin colonics at 22°C: .Small, 
brownish, globular, opaque and entire. 

Deep glucose agar colonies: Small, 
white, globular. Gas is formed. No 
pigment formed. 

Broth: Uniformly turbid. 

Milk: .Acid, coagulated after 3 days. 

Indole not formed. 

Acid and gas from glucose. .Acid only 
in lactose and sucrose. 

Coagulated albumin not liquefied. 

Grows at 22“C and 37®C. 

.\naerobic. 

Distinctive character; .All cultures 
smell strongly of butyric acid. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

4. Clostridium difficile (Hal! and 
O’Toole) Pr<5vot. (Bacillus difficilis 
Hall and O’Toole, .Vmer. Jour. Dis. 
(.hild., 45, 1935, 300; Clostridium difficilis 
Pr^vot, Ann. Inst. Past. 61, 1938, 84.) 
From Latin, difficilis, difficult. 

Rods:Heavy-bodied. Actively motile. 
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Spores elongate, subterminal slightly 
swelling rods. Gram-positive. 

Gelatin: Not liquefied. 

Blood agar surface colonies (anaerobic): 
Irregular, flat and non-hemolytic. 

Deep agar colonies: Minute, flat, 
opaque disks, becoming lobate. 

Milk; Poor growth. Gas formed in 
traces, but milk unchanged. 

Acid and gas from glucose, fructose, 
mannitol, salicin and xylose. Traces of 
gas, but no acid, from galactose, maltose, 
sucrose, lactose, raflinose, inulin and 
glycerol. 

Coagulated albumin not liquefied. 
Blood scrum not liquefied. 

Brain medium with iron is moderately 
blackened. Digestion not recorded. 

Pathogenic for guinea pig and rabbit. 
Subcutaneous inoculation induces marked 
edema. Death may occur in from 1 to 9 
days. 

Toxicity: Glucose broth culture fil¬ 
trates kill guinea pig and rabbit in 24 to 
36 hours. 

Grows well at 37°C. 

.\naerobic. 

Source: From feces of new-born infants. 
Habitat ; Not determined, other than 
this source. 

5. Clostridium viscifaciens Sherman 
and Erb. (U. S. Pat., 2,017,572, 1935.) 
From Latin, mews, birdlime, glue; fa- 
ciens, making. 

Rods; Vegetative cells 3 to 10 microns 
long; average about 6 microns. ^lotile. 
Spores oval, 1 by 2 microns, central to 
subterminal, sometimes swelling rods to 
club-like and spindle-shaped cells. 

Gram-negative. 

Granulose reaction positive. 

Gelatin: Not liquefied. 

Plain agar slant (anaerobic): No 

growth. 


Plain agar stab: No growth. 

Liquid media: Tendency toward floc- 
culent growth. 

Milk: Acidified but not coagulated. 
Casein not digested. 

Corn mash: Not fermented or digested. 

Indole not formed. 

Nitrites produced from nitrates. 

.\mmonia produced from peptone. 

Acid, gas and alcohols produced from 
glucose and maltose. 

Acid and gas from sucrose, lactose, 
dextrin, starch, glycerol, mannitol and 
salicin. 

Calcium lactate: Not fermented. 

Fermentation products include butyl 
alcohol (66 parts), iso-propyl alcohol (31 
parts), and small amounts of acetone (3 
parts). 

Limiting reaction for growth: About pH 
4.0 to about pH 8.0. 

Optimum temperature 32°C to 
Grows from 15®C to 42.5'’C. 

Anaerobic. 

Distinctive character; In fermentable 
sugar broths it produces a copious floc- 
culum. 

Source: From soil and from grains and 
other plant materials in contact with soil. 

Habitat: Apparently widely dispersed 
in agricultural soils. 

6. Clostridium septicum (Macd)Ford.* 
(Vibrion septique, Pasteur and Joubert, 
Compt. rend. Acad. Sci., Paris, 85, 1877, 
113, and Bull. Acad. Med., 2® Ser., 6, 
1877, 794; Vibrio pasteurii Trevisan, 
Rcale 1st. Lombardo d. Sci. e. LeU., 
Rcndiconti, Ser. 2,1^, 1879,147; Baci u* 
septicus Mac^, Traits Prat. d. Bact., 8 
ed., 1888, 455; not Bacillus sepltcus 
Migula, Syst. d. Bakt., g, 1900, 646 (Un¬ 
named aerobic bacillus, 

Proc. d. Kindesalters, Leipzig, 1889, SZ; 
Bacillus septicus ulceris gangraenosi 


* Note: In an editorial, Jour. Amer. Vet. Med. Assoc., 6g, ^ q’ Search 

Clostridium septicum is ascribed to Winslow et al.. Jour. Bact., ’ Mlnblish 

fails to confirm the reference. Casual mention is not regarded as suuicien o 

priority. Hence, Ford is regarded as the author of this binomial. 
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Sternberg, Mnn. Baot., 1893. 472); not 
liacilhis scpticus Klein, l^Iicro-organisins 
and Disease, 1884, 78; Corni7ia pasteuri 
Previsan, I generi e le specie delle Bat- 
teriacee, 1889, 22; Bacillus scp/ic»s gan- 
grenae Arloing, Legons sur la tuberculose 
ct certaines septic(5mies, Paris, 1892, 451; 
Vibriogene septique, Rosenthal, Compt. 
rend. Soc. Biol., Paris, 64, 1908, 398; 
Vibrio septique LeBlaye and Guggenheim, 
Man. Prat. d. Diag. Bact., 1914, 438; 
Rivoltillus vibrion Heller, Jour. Bact., 7, 
1922, 0; Bacillus parasarkophysematos 
Miessner, Cent. f. Bakt., I Abt., Orig., 89 
(Bhft.), 1922, 126, and Douts. Tierarztl. 
Wchnschr., SO, 1922, 416 {Bacillus para- 
sarcophysematos Zeissler, Cent. f. Bakt., 

1 Abt., Orig., 89 (Bhft.), 1922, 119); 
Vibrio septicus Rottgardt, Deuts. Ticr- 
arztl. Wchnschr., 34, 1926, 553; Ford, 
Textbook of Bact., 1927, 726; Clostridium 
septicus Scott, Cornell Vet., i8, 1928,259; 
Clostridium septique Topley and Wilson, 
Princ. of Bact. and Immunol., 1st ed., 3, 
1929, 1161.) From Greek, septicus, pu¬ 
trefactive, septic. 

Probable synonym: Bacillus of Ghon 
and Sachs, Cent. f. Bakt., I .\bt., Orig., 
34, 1903, 289. 

Identical or closely related species: 
Clostridium 6aZaenae Prdvot, Ann. Inst. 
Past., 61, 1938, 81 (Walfischseptikamie 
Bacillus, Nielsen, Cent. f. Bakt., 7, 1890, 
269; Bacille de lasepticdmie de la baleine, 
Christiansen, Compt. rend. Soc. Biol., 
Paris, 83, 1920, 324; Walfischbazillus, 
Christiansen, Cent. f. Bakt., I Abt., 
Orig., 84, 1920, 127); Bacillus gastromy- 
cosis ovis Kitt, Bakt. u. Path. Mikros., 

2 Aufl., 1893, 239 (Bradsotbacillus, Niel¬ 
sen, Monats. Prakt. Tierhlk.,8,1897, 59); 
Bacillus lumefaciens Wilson, Lancet, 
196, 1919, 657 {Clostridium lumefaciens 
Pr6vot, Ann. Inst. Past., 61, 1938, 81); 
not Bacillus lumefaciens Israilsky, Cent, 
f. Bakt., II Abt., 67, 1926, 236; Bacillus 
seu Clostridium sarcophysematos bovis 
Kitt, Bakterienkunde u. Path. Mikros., 2 
Aufl., 1893,232 {Bacillus sarcophysematos 
Kitt, ibid., Index, X; not Bacillus sar¬ 
cophysematos Zeissler, Cent. f. Bakt., I 


Abt., Orig., 89 (Bhft.), 1922,119.) (See 
Clostridium feseri.) 

Confused in the older literature with 
Koch’s bacillus of malignant edema, Mitt, 
a. d. kais. Gesundhts., 1, 1881, 54 {Ba¬ 
cillus oedematis maligni Zopf, Die Spalt- 
pilze, 3 Aufl., 1885, 88; Clostridium oede¬ 
matis malignis Fischer, Jahrb. f. Wissen. 
Bot.,£7, 1895, (146?); Bacillus oedematis 
Schroeter, in Cohn’s Kryptogamen-Flora 
V. Schlesien, 3, 1, 1886, 163; Clostridiuin 
edematis Holland, Jour. Bact., 6, 1920, 
218; Clostridium oedematis-maligni Ber- 
gey et al., Manual, 1st ed., 1923, 325). 

It is commonly believed at present that 
Koch’s bacillus of malignant edema was a 
culture of Clostridium sepiicum contami¬ 
nated with Clostridium sporogenes or 
some closely related organism. 

Described from Weinberg and Seguin, 
La Gang. Gaz., Paris, 1918, 79, and from 
Hall, Jour. Inf. Dis., 30, 1922, 486. 

Rods: 0.6 to 0.8 by 3.0 to 8.0 microns, 
rounded ends, occurring singly, in pairs 
and in short chains in cultures; long 
chains and filaments commonly predomi¬ 
nate in body exudates. Motile, with 
peritrichous flagella. Spores oval, ex- 
centric to subterminal, swelling rods. 
Gram-positive. 

Gelatin: Liquefied, with gas bubbles. 

Agar surface colonies (anaerobic): 
Small, transparent, of variable shape. 

Blood agar surface colonies (anaerobic): 
Delicate, flat, Icaf-like, irregular. He¬ 
molytic. 

Deep agar colonies: Variable; usually 
finely filamentous, cottony, spherical. 

Broth: Slight, diffuse turbidity, witli 
clearing. 

Litmus milk; Litmus reduced; slow 
coagulation and moderate gas. Clot not 
digested. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, maltose, lactose and salicin. 
Sucrose, inulin, mannitol and glycerd 
not fermented (Hall, loc. cit., 489). 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 
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Brain inciliuin not blackened or di¬ 
gested. 

Meat medium reddened; not blackened 
or digested. 

Pathogenic for guinea pig, rabbit, 
mouse and i)igcon. Forms an exotoxin 
for wliich an antitoxin is prepared. 
Optimum temperature about 37®C. 
Anaerobic. 

Source: Originally isolated from ani¬ 
mals inoculated with soil; later from ma- 
lignaiit edema of animals, and from 
human war wounds ami from appendicitis. 

Habitat : .Vnimal intestine, and in 
manured soils. 

7. Clostridium feseri Trevisan. (Be- 
weglichen Bakterien, Feser, Ztschr. f. 
Prakt. Vct.-Wissonsch., 4, 1876, 19; Tre¬ 
visan, .\tti Accad. Fis.-Med.-Stat. di 
Milano, 3, 1885, 116; Bacterium chauvoei 
.\rloing, Cornevin and Thomas, Le char- 
bon symptomatique du bocuf, Paris, 2nd 
ed., 1887, 82; Bacillus chauvoei De Toni 
and Trevisan, in Saccardo, Sylloge Fun- 
gorum, 8, 1889, 1004; Bacillus chauvoei 
Trevisan, I generi e le specie delle Bat- 
teriacce, 1889, 22; Bacillus feseri Kitt, 
Bacterienkundc, etc., 2 Aufl., 1893, 233; 
Bacillus arithracis symptomatici Kruse, 
in FUigge, Die Mikroorg., 3 Aufl., 1896, 
245; Bacillus carbotiis Migula, in Engler 
and Prantl, Die natiir. Pflanzenfam., 1, 
la, 1895, 26; Butyribacillus chauvoei 
Orla-Jensen, Cent. f. Bakt., II Abt., 22, 
1909, 342; Bacillus gangraenae empky- 
semalosae Hutyraand Marek, Spez. Path, 
u. Ther. d. Haust., 3 Aufl., 1, 1910, 39; 
Bacillus chauvei Holland, Jour. Bact., 6, 
1920, 217; Closlridium chauvei Holland, 
ibid., 217; Bacillus anlhracis-sympto- 
matici Holland, ibid., 217; Clostridium 

anthracis-symptomatici Holland, ibid., 
217; Bacillus sarkophysematos Miessner, 
Cent. f. Bakt., I Abt., Orig., 89 (Bhft.), 
1922,123 {Bacillus sarcophysematos Zeiss- 
ler, i6id., 119; not Bacillus sarcophysema- 
ios Kitt, Bakterienkunde, etc., 2 Aufl., 
1893, Index, X); Bacillus symplomaticus 
Matouschek, Cent. f. Bakt., II Abt., 58, 
1923, 472; Closlridium chauvoei Scott, 
Jour. Inf. Dis., 88, 1926,262; Closlridium 


chauvoei Scott, Cornell Vet., 18, 1928, 
259.) Named for Feser, an early German 
bacteriologist. 

Possible synonyms: Bacterio ocello 
cuneato, Rivolta, Giorn. di Anat., Fisiol. 
e Patol. d. Animali, Piso, H, 1882, 33; 
Bacillum cuneatum, Rivolta, ibid., 67; 
Bacillum ocello-cuneatum, Rivolta, ibid., 
67; Bacterium cuneatum Rivolta, ibid., 
77; Bacterium ocello cunealum Rivolta, 
ibid., 78; Bacillus sarcophysemalosi Pep¬ 
pier, Cent. f. Bakt., I Abt., 29, 1901,354. 

Rods : 1.0 by 3.0 to 8.0 microns, occur¬ 
ring singly, in pairs and in short chains. 
Usually show a dark chromatic point near 
each end. Motile with peritrichous 
flagella. Spores oval, excentric to sub¬ 
terminal, swelling rods. Gram-positive. 
Gelatin: Liquefied. Gas bubbles. 
Agar surface colonies (anaerobic): 
Small, grayish, semi-opaque, filamentous. 

.Agar slant (anaerobic): Grayish, 
spreading growth. 

Broth: Turbid, slightly peptolytic. 
Litn\us milk: Acid; slowly coagulated. 
Gas may be formed. Clot not digested. 

Indole not formed (early studies record 
only a trace). 

Acid and gas from glucose, fructose, 
galactose, maltose, lactose and sucrose. 
Inulin, salicin, mannitol, glycerol and 
dextrin not fermented (Hall, Jour. Inf. 
Dis., SO, 1922,486). 

Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Brain medium not blackened or 

digested. 

Egg-meat medium: Small g^ bubbly 
in 8 hours. Meat becomes pinkish and 
the liquid slightly turbid. No blacken¬ 
ing or digestion. , 

Pathogenic for guinea pig, mouse and 

rabbit. Forms an e.xotoxin. 

Optimum temperature 37°C. Can 

grow at 50°C. 

Anaerobic. , . 

Source: The cause of black leg, » 
quarter or symptomatic anthrax in ca 

and other animals. . ,, 

Habitat: Probably soil; especially 

where heavily manured. 
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8. Clostridium hemolyticum (Hall) 

Hauduroy etal. (Clostridium hemolyticus 
boi'is Vawter and Records, Jour. Amer. 
Vet. Med. Assoc., 68 (N.S. St), 1925-26, 
512; Bacillus hemolyticus Hall, Jour. Inf. 
Dis., 45, 1929, 156; Hauduroy etal., Diet, 
d. Bact. Path., 1937, 125.) From Greek, 
haetno^ blood; lyticus, dissolving. 

Related species: Clostridium hemo¬ 
lyticum var. sordelli Hauduroy ct al., 
loc. cit., 126 (Bacillus sp. (?), Sordelli, 
Prado and Ferrari, Compt. rend. Soc. 
Biol., Paris, 108, 1931, 142; Unnamed 
anaerobe of Matte, Inst. Biol. Soc. Nac. 
Agric., Chile, .?A, 1921, (31?) (cited from 
Vawter and Records, loc. cit., 172). 

Rods: 1.0 to 1.3 by 3.0 to 5.6 microns, 
with rounded ends, occurring singly, in 
pairs and in short chains. Motile with 
long peritrichous flagella. Spores oval to 
elongate, subtcrminal, swelling rods. 
Gram-positive. 

Gelatin: Liquefied. 

Blood agar surface colonies (anaerobic): 
Light, diffuse growth. Blood hemolyzed. 

Deep agar colonies: At first lenticular, 
becoming densely woolly masses with 
short peripheral filaments. Little or no 
gas formed. 

Broth plus liver: Luxuriant diffuse 
turbidity, followed by agglutinative 
clearing. Moderate gas formed. 

Milk: Acid and slow coagulation. Clot 
not digested. 

Acid and gas from glucose, fructose, 
galactose and glycerol. Lactose, maltose, 
sucrose, raffinose, arabinose, xylose, 
inulin, salicin, mannitol and dulcitol not 
fermented. Subsequent studies show 
that pure galactose is not fermented 
(Records and Vawter, Nevada Agr. Exp. 
Sta., Bull. 173, 1945, 48 pp.). 

Indole is formed. 

Methyl red and Voges-Proskauer tests 
arc negative. 

Nitrites are not produced from 
nitrates. 

Hydrogen sulfide is produced. The 
four characteristics given above are 
from Records and Vawter (loc, cit., 30). 


Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Meat medium reddened, not black¬ 
ened. No digestion. 

Pathogenic and toxic forguinea pig and 
rabbit. Effect due to an unstable hemo¬ 
lytic toxin. 

Grows well at 37®C. 

.‘Vnaerobic. 

.Source; From blood and tissues of cattle 
dyingof icterohcmoglobinuria. 

Habitat: Not determined. I'lius far 
isolated only from animals. 

9. Clostridium novyi (Migula) Bergcy 
ct al. (Bacillus oedematis maligni No. 
//, Novy, Ztschr. f. Hyg., 17, 1894, 212; 
Bacillus oedematis thermophilus Kruse, 
in Fliigge, Die Mikroorg., 3 Aufl., 2, ISOol 
242; Bacillus novyi Migula, Syst. d. Bakt., 
2, 1900, 872; Bacterium oedematis ther¬ 
mophilus Chester, Ann. Kept. Dei. Col. 
Agr. Exp, Sta,, 9, 1897. 126; Bacillus ther¬ 
mophilus Chester, Man. Delerm. Bact.. 
1901, 265; Bacillus oedemafiens Weinberg 
and Seguin, Compt. rend. Soc. Biol., 
Paris, 78, 1915, 507 (Baeille B. Weinberg 
and Seguin, ibid., 177); Xovillus maligni 
Heller, Jour. Bact., 7, 1922, 7; Clos¬ 
tridium oedematiens Bergey et al.. 
Manual, 1st ed., 1923, 326; Bergey et al., 
idem;Clostridium thermophilum Pribram, 
Jour. Bact., 22, 1931, 430; Clostridium 
novyi Type A, Scott, Turner and \'a\vtcr, 
Proc., 12th Internat. Vet. Congr., 2, 
1934, 175.) Named for F. G. Novy, the 
American bacteriologist who first iso¬ 
lated this organism. 

Related or possibly identical species: 
Neuen pathogenen anaeroben Bacillus, 
Kerry, Osterr. Ztschr. f. Wiss. Veterin- 
ark., 5, 1894, 228; Bacterium nivosum 
LeBlaye and Guggenheim, Man. Prat. d. 
Diag. Bact,, 1914, 344 (Baeille neigeux, 
Jungano, Compt. rend. Soc. Biol., Paris, 
62, 1907, 677; Bacillo nevoso, Jungano, II 
Tommasi, 2, 1907, (731?); Gasodembazil- 
lus, .Aschoff, Deuts. med. Wchnsehr., 42. 
1916, 512; Bacillus bellonensis Saequdpdc, 
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Coinpt. rend. Biol., Paris, SO, 101<, 
850 (Baoille dc rocdeme gazcux malin, 
Sac<iuopec. ibid., ?8, 1915, 316; C7os/ri- 
f/ium bclloncm^is Prevot, Ann. Inst. 
Past., 1938,81); Bacillus gigas Zeiss- 
Icr and Kassfeld, Arch. Wiss. u. 1^-akt. 
Tiorhlk., 55. 1929,419 {Clostridium novgi 
Type B, Seott et al., loc. cit., 175; Clostri¬ 
dium gigas Prevot, Ann. Inst. Past., 61, 
1938, S2); not Bacillus gigas Trcvisan, 
Atti. d. -Vcead. Fis.-Mcd.-Stat., Milano, 
Scr. 1, 3. 1885, 96; Clostridium novgi 
Type C', S(“()tt ct al., loc. cit., 175 (non- 
pathogenie baeillus of osteomyelitis of 
hulTalo. Kranovcbl, Xcdcrl. Ind. Bl. 
l)iergencc.sk., 4-^, 1930 , 564; Clostridium 
hubalorum Prevot, Ann. Inst. Past., 61, 
1938.82; Bacillus osteomyelitis hubalorum 
Prevot, INIan. d. Class., etc., 1940, 123). 

Rods: 0.8 to 0.9 by 2.5 to 5.0 microns, 
oeeurrijig singly and in pairs, not in 
chains. Motile with peritrichous flagella. 
Spores large, oval, subterminal, swelling 
rods. Gram-positive. 

Gelatin : Liquefied and blackened. 

.\gar surface colonies (anaerobic): 
Small, white, with darker center, 
filamentous. 

.\gar slant (anaerobic): Grayish, 
spreading growth. 

Deep agar colonies: Compact, opaque, 
becoming filamentous with age. 

Broth; Turbid, with flocculcnt 
sediment. 

Litmus milk: Acid, not coagulated. 
Litmus reduced. 

.Void and gas from glucose, fructose, 
maltose, xylose, starch and glycerol. 
Lactose, sucrose, mannitol, dulcitol, inu- 
lin and salicin not fermented (Hall, Jour. 
Inf. Dis., so, 1922,491). 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 

digested. 

Pathogenic for guinea pig, rabbit, 
mouse, rat and pigeon. Forms an exo- 
toxin, toxic on injection but not on 
feeding growth. 

Optimum temperature35®C to38“’C. 

Anaerobic, 


Source: From a guinea pig inoculated 
with peptonized casein; later from gase¬ 
ous gangrene. 

Habitat: Probably occurs in manured 
soils. 


10. Clostridium botulinum (Van 
Ermengem) Holland. {Bacillus botu- 
linus Van Ermengem, Cent. f. Bakt., I 
Abt., 19, 1896, 443, and Ztschr. f. Hyg., 
26, 1897,48; Holland, Jour. Bact.,5,1920, 
217; Ermengemillus botulinus Heller, 
Jour. Bact., 7, 1922 , 8.) From Latin, 
toRdi/s, sausage; M.L., 5ofuIinus, relating 
to sausage. 

Closlridium bolulinum comprises a 
number of toxic species, conveniently 
divided by Bengtson, U. S. Public Health 
Serv., Hyg- Lab. Bull. 136, 1924, 33, and 
by Meyer and Gunnison, Jour. Inf. Dis., 
45,1929,96 and 108, and by Gunnison and 
Meyer, Jour. Inf. Dis., 4^, 1929,130, into 
a non-ovolytic {Clostridium bolulinum) 
and an ovolytic {Clostridiuin paraboluly 
nuni) group. Authorities are not yet in 
agreement on fermentations and on 
variant sub-types, and the present group¬ 
ings arc only tentative, and subject to 
revision. Meyer and Gunnison cite some 
15 sub-types on the basis of toxicity, 

agglutination and fermentation. 

The original Van Ermengem strain is 
not available, and his description is 


inadequate for classification purposes. 
Description follows Bengtson {loc. edd 
who used Lister Institute Strain No. W 
(Brit. Med. Res. Counc., Spec. Kept. 
Ser. No. 12, 1917, 29; ibid., Spec. Kept. 
Ser. No. 39,1919,26) as a type culture. 

Rods : 0.5 to 0.8 by 3.0 to 8.0 microDS. 
with rounded ends, occurring singly, m 
pairs and in short to occasional long 
chains. Motile with peritrichous flagella. 

Spores oval, central, subUjmina, 
terminal at maturation, slightly swelling 
rods. Gram-positive. 

Gelatin: Liquefied. . . 

I'lo^n liver near colonies: Fluffy 


dense center. 

Liver agar surface 


colonies (anaerobic); 


No perceptible growth. 
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Hrotli: Scant or no srowtli. 

Liver l)rntlt: laixuriant turbidity, with 
considcnil)lo ^as. 

Milk: Slowly increasing acidity. Xo 
coagulation. Xo gas. 

Acid and gas from glucose, fructose, 
maltose, dextrin, glycerol, adonitol and 
inositol. Galactose, sucrose, lactose, 
raftinose, inulin, dulcitol, mannitol, 
xylose, arabinose, rhamnose and salicin 
not fermenterl (Bengtson, he . cit., 22-25). 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Meat medium not blackened or 
digested. 

Pathogenic for animals. Forms a 
powerful exotoxin which is neurotoxic 
lH>th on injection and feeding. Toxin is 
neutralized by Closlridiuyn parabolu- 
linum Type B antitoxin. 

Optimum temperature 20° to 30°C 
(Van Ermengem, Ztschr. f. Byg-, ^6, 
1897,42); 30°C (Van Ermengem, Arch. d. 
Pharmacodyn., S, 1897, 213 and 499; 
see Williams and Reed, Jour. Inf. Dis., 
71, 1942, 227). Starin (Jour. Inf. Dis., 
38, 1926, 103), growth usually earlier at 
37°C. Toxin production probably best 
around 28°C. 

Anaerobic. 

Source; Unknown. Culture received 
through Reddish from Robertson as 
Bacillus botulinus No. 94, Strain A, 
Instituteof Infectious Diseases at Berlin. 
Similar strains have been isolated from 
canned foods. 

Habitat; Probably occurs in soil. 

10a. Clostridhun bolulinum Type C. 
(Toxin producing anaerobe, Bengtson, U. 
S. Pub. Health Repts., S7, 1922, 164 and 
2252; Bacillus botulinus Type C, Bengt- 
sbn, ibid., 38, and U. S. Pub. Health 
Serv., Hyg. Lab. Bull. 136, 1924, 7; 
Clostridium luciliae Bergey et al., Man¬ 
ual, Ist ed., 1923, 336.) From Latin, 
botulus, sausage. 

Probably identical variety : Clostridium 
parabotulinum equi Theiler and Robin¬ 


son, Rev. Gen. do Med. Vcll!)27, l!i:) 
((Uosln'diutu h<dulinm)i Type !■:. 'I'cqilov 
and Wilson, Principles of Ibid, jind Ini- 
munol., 2nd ed., 1936, (iSS; Hacilhis 
{C.losti idi it III ) hot ul i iiuiii /.^, \V oi ii berg a n< I 
Ginsbourg, Donm^es Recenfes sur le.s 
Microbes Anai^r., Paris, 1927, 107, but 
shown to be a Type C by Robinson, Union 
S. Africa, 16th Ann. Rept., Dir. Vot. 
vServ. and Animal Indus., 1930, 126; not 
Clostridium bolulinum Type D, Meyer 
and Gunnison, vide infra). From a rat 
carcass presumably responsible for i)otul- 
ism in mules in South .Africa. 

Related varieties: Bacillus paraholu- 
linus Seddon, Jour. Comp. Path, and 
Therap., 55, 1922, 155 and 275 {Clostri¬ 
dium parabotulinum Ford, Text-Book of 
Bact., 1927, 743, although this name was 
used earlier in the “group” son.se by 
Bengtson, IT. S. Pub. Health Serv., Ilyg. 
Lab. Bull. 136, 1924 , 32). First isolated 
from bones considered the source of 
“bulbar paralysis” of cattle in Australia. 

Clostridium parabolulinus bovis Theiler 
ct al.. Union S. .Africa, Dept. .Agric., llth 
and 12th Repts. of the Dir. Vet. Educ. 
and Res., Part 11,1927,1202 {Clostridium 
bolulinum Type D, Meyer and Gunnison, 
Proc. Soc. Expt. Biol, and Med., 26, 
1928-29, 88, also Jour. Inf. Dis., 45, 1929, 
106; not Clostridium botulinum Type D, 
Weinberg and Ginsbourg, vide supra). 
From “lamziekte” of cattle in South 
.Africa. 

Clostridium botidinum'Vypo E, Gunni¬ 
son, Cummings and Meyer, Proc. Soc. 
Expt. Biol, and Med., 35, 1936, 278. An 
organism received by them from the 
Russian Ukraine; source of isolation not 
stated. 

Clostridium bolulinum Type C may be 
regarded as a variety of Clostridium 
botulinum, as it has morphologic and 
cultural characters very similar to those 
of the Van Ermengem strain. Only 
divergent or additional characters are 
recorded here. 

Rods; 0.5 to 0.8 by 3.0 to 6.0 microns, 
commonly slightly curved. 

Agar stab: Slight growth. No gas. 
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Deep liver agar colonies: Lcnlicnlar, 
becoming loosely fluffy. Gas is formed. 

Deep glucose agar colonies: Fluffy, 
without central nucleus. Gas is not 
formed. 

Agar surface growth (anaerobic): Very 
scant, thin. 

Rroth: Scant growth. 

Milk: Slowly increasing acidity. No 
coagulation. No digestion. 

Acid and gas from glucose, fructose, 
galactose, maltose, glycerol and inositol. 
Dextrin is weakly fermented. Sucrose, 
lactose, raflinosc, inulin, adonitol, dulci- 
tol, mannitol, xylose, arabinose, rhamnose 
and salicin not fermented. 

Pathogenic for animals. Forms a 
powerful exotoxin which is neurotoxic 
both on injection and feeding. Toxin is 
neutralized by homologous (Type Ca) 
antitoxin, but not by Bacillus parabola- 
Unas Seddon (Type C|3) antitoxin, al¬ 
though Seddon-toxin is neutralized by 
Type Ca antitoxin (Pfenninger, Jour. Inf. 
Dis., 35, 1924, 347). 

Grows well at 37°C. 

.Anaerobic. 

Source: Larvae of blue-bottle fly 
{Lucilia caesar). Produces limberneck 
in chickens. 

Habitat: Not determined, other than 
this source. 

11. Clostridium acetobutylicum Mc¬ 
Coy, Fred, Peterson and Hastings. 
(McCoy et al.. Jour. Inf. Dis., 39, 1926, 
4S3; ibid., 46, 1930, 118; Clostridium 
aceto-bntylicum Lcgg, U. S. Pat., 
1,668,814, 1928; Clostridium acetono- 
butylicum Pr^vot, Ann. Inst. Past., 61, 
1938, 80; Clostridium acetobutyricum 
Pr^vot, Man. d. Class., etc., 1940, 110.) 
From Latin, acelum, vinegar and butyli- 
cus, butylic, relating to butyl alcohol. 

Synonyms: Bacillus granulobacter 

pectinovorum Speakman, Jour. Biol. 
Chem., 41, 1920,319; Clostridium acetoni- 
genum Donker, Inaug. Diss., Delft., 1926, 
144. 

Rods; Vegetative cells 0.6 to 0.72 by 2.6 
to 4.7 microns; clostridia 1.3 to 1.6 by 4.7 


to 5.5 microns. Straight, with rounded 
ends, occurring singly and in pairs, not 
in chains. No capsules. Motile with 
peritrichous flagella. Spores oval, excen- 
tric to subterminal, swelling rods to 
clostridia. Gram-positive, becoming 
Gram-negative. 

Granulose reaction positive in clos¬ 
tridial stage. 

Glucose gelatin: Liquefied. 

Glucose agar surface colonies (anae¬ 
robic): Compact, raised, fairly regular. 

Deep glucose agar colonies: (A)mpact, 
typically lenticular and smooth. Agar 
fragmented early by abundant gas. 

Blood agar not hemolyzed. 

Pigmentation: None; colonies creamy- 
white, opaque. 

Plain broth: No growth. 

Glucose broth: Abundant, uniform 
turbidity, with much gas. 

Litmus milk: Acid and active, often 
stormy, coagulation. Litmus reduced. 
Clot fragmented by gas, but not visibly 
digested. Proteolysis demonstrable, 
however, on milk agar. 

Potato: Growth creamy-yellow. Po¬ 
tato digested to a yellow slime. 

Corn mash: Much gas with butylic 

odor. 

Indole not formed. 

Acetylmethylcarbinol formed from 

many carbohydrates. 

Nitrites not produced from nitrates. 

Nitrites reduced to ammonia. 

Acid and gas from arabinose, xylose, 
rhamnose, glucose, galactose, manno^, 
fructose, sucrose, maltose, lactose, roffi- 
nose, melezitose, starch, dextrin, inulin, 
glycogen, d-mannitol, a-methyl glucosi e 
and salicin. Esculin, amygdalin and tre¬ 
halose are weakly fermented. Melobiose, 
dulcitol, d-arabitol, perseitol, lactosito , 
sorbitol, erythritol, adonitol, inositol, 
quercitol, glycerol, pectin and cellulose 

are not fermented. 

Fermentation products include ace 
tone, butyl and ethyl alcohols, butyric 

and acetic acids, Hj and COi. 

Coagulated albumin cubes: Softeneo 

and browned by slow digestion. 
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Hydrogen sulfide produced from thio¬ 
sulfate or sulfite; generally negative from 
proteinaceous sources. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature probably about 
37°C. Grows from 20°C to 47®C. 

Anaerobic. 

Source: From corn, molasses, i>otato 
and garden soil. 

Habitat: Widely, but apparently 
sparsely, dispersed in agricultural soils. 

Note: A number of acetone and butyl 
alcohol-fermenting anaerobes have been 
described. Present knowledge, however, 
does not permit any expression of the 
degree of possible relationship. Only a 
few well-described species arc cited. 
Bacillus butylicus B. F., Ricard, U. S. 
Pat., 1,385,888, 1921; Bacillus butylaceti- 
cum Freiberg, U. S. Pat., 1,537,597, 
1925; Clostridium buiyricum {Frazmow- 
ski-Pike-Smyth) Pike and Smyth, U. S. 
Pat., 1,655,435, 1928; Butylobacter betae, 
Butylobacler sineuse, Butylobacter solani 
and Butylobacter zeae Bakonyi, British 
Pat., 328,723,1930, and U. S. Pat., 1,818,- 
782, 1931; Bacillus saccharobutyricus 
liquefaciens McCoy et al.. Jour. Inf. Dis., 
46, 1930, 121 {Bacillus saccharohutyricum 
liquefaciens Legg and Stiles, U. S. Pat., 
1,927,813, 1933); Clostridium sacckaro- 
butylicum-gamma Izsak and Funk, U. S. 
Pat., 1,908,361, 1933 {Clostridium sac- 
charobutylicum gamma and Clostridium 
saccharohutyricum gamma Izsak and 
Funk, U. S. Pat., 2,016,112, 1935); 
Clostridium saccharo-acetobutylicum-al- 
pha McCoy, British Pat., 415,311, 1934; 
Clostridium propyl-butylicum Muller and 
Legg, British Pat., 415,312, 1934 {Clostri¬ 
dium propyl butylicum Legg and Stiles, 
U. S. Pat., 2,063,448. 1936); Clostridium 
saccharobutyl-acelonicum I^oughlin, Brit¬ 
ish Pat., 409,730, 1934, and U. S. Pat., 
1,996,428, 1935, and 1,992,921, 1935; Clos¬ 
tridium sacckaro-acetobutylicum Stiles and 
Legg, British Pat., 437,121, 1935 {Clostri¬ 


dium saccharo-acctobutylicum Legg, L. S. 
Pat., 2,063,440, 1936); Clostridium sac- 
charo-acetobutylicum-bcta Arzberger, V. 
S. Pat., 2,050,219, 1936; Clostridium sac- 
charo-acetobutylicum-gamma Arzberger, 
ibid.; Clostridium inverto-acclohutylicum 
Legg and Stiles, British Pat., 437,120, 
1935, and Legg, U. S. Pat.,2,063,449,1930; 
Clostridium {Bacillus) tctnjlium Owen, 
Mobley and Arroyo, Cent. f. Bakt., II 
Abt., 95, 1936, 131; Clostridium sac- 
charobuiyl-isopropyl-acetonicum Lough- 
lin, IJ. S. Pat., 2,085,666, 1937 {Clostri¬ 
dium saccharo-butyl-isopropyl-acetoni- 

cum Loughlin, ibid., and U. S. Pat., 
2,096,377. 1937). 

12. Clostridium aerofoetidum (Wein¬ 
berg and Seguin) Bergey etal. (BacillcD, 
Weinberg, Compt. rend. Soc. Biol., Paris, 
79, 1916, 117; Bacillus aerofoelidus Wein¬ 
berg and Seguin, ibid., 1028; Bacillus 
aero-foetidus McIntosh, Med. Res. 
Counc., Spec. Rept. Scr. No. 39, 1919, 42; 
Seguinillus aerofoelidus Heller, Jour. 
Bact., 7, 1922, 7; Bergey et al., Manual, 
1st ed., 1923, 327.) From Latin, aer, air 
and foelidus, fetid. 

Rods ': 0.4 to 0.6 by 3.0 to 5.0 microns, 
occurring singly, in pairs and in short 
chains. Motile with peritrichous flagella. 
Spores .rare, oval, subterminal, slightly 
swelling rods. Gram-positive. 

Gelatin: Rapidly liquefied. 

.\gar surface colonies (anaerobic): 
Circular, transparent, with faintly bluish 
tint, fimbriate. 

Deep agar colonies : Lenticular, becom¬ 
ing indented and lobate. 

Blood agar not hemolyzed. 

Glucose broth: Turbid; with sediment. 
Litmus milk: Acid; slowly coagulated; 
followed by slow peptonization. Gas is 
formed. 

Acid and gas from glucose, fructose, 
galactose, mannose, maltose, lactose, 
xylose, amygdalin, salicin, esculin and 
glycogen. Sucrose, inulin, glycerol and 
mannitol not fermented. 

Coagulated albumin slowly liquefied. 
Blood scrum is liquefied. 
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Brain nicclium ))l;\rkcncd and (ligcsted. 
Meat medium reddened, then black¬ 
ened and slowly digested. 

Slightlj'^ pathogenic for guinea pig. 
Optimum temperature 30°C to 35°C. 
Anaerobic. 

Source: From gaseous gangrene and 
from feces. 

Habitat; Not determined other than 
these sources. Probably occurs in soil. 

13. Clostridium sporogenes (Metchni- 

koff) Bergcy et al. {Bacillus sporogenes 
var. A , MetchnikofY, Ann. Inst. Past., 22, 
190S, 0-14; Bcrgey et al., Manual, 1st ed., 
1923, 329; not Clostridium sporogenes 
Holland, Jour. Bact., 5, 1920, 220 {Bacil¬ 
lus cnleritidis sporogenes Klein, Cent. f. 
Bakt., I Abt., 18, 1895, 737; Bacillus 
sporogenes Migula, Syst. d. Bakt., 2, 
1900, 5G0; Bacillus {cnleritidis) sporo¬ 
genes and Bacillus enteritidis Klein, 
Local Govt. Bd., Ann. Kept. Med. Off., 
London, 33, 1903-04,442 and 443.) From 
Greek, sporus, seed; M.T>., spore; genes, 
producing. 

Two varieties, A and B, were de¬ 
scribed. Bacillus sporogenes yar. A, 
Metchnikoff, loc. cit., 944 {Melchnikovil- 
lus sporogenes Heller, Jour. Bact., 7, 
1922, 9; Clostridium sporogenes var. A, 
Pr^vot, Ann. Inst. Past., 61, 1938, 83) is 
regarded as the typical form and is de¬ 
scribed here. Var. B, see Clostridium 
bifermentans. 

Synonyms or probably related species: 
Oedembacillen, Koch, Alitt. a. d. kaiserl. 
Gesundheitsamte, 1, 1881, 54; Bacillus 
oedemalis maligni Zopf, Die Spaltpilze, 
3 Aufl., 1885, 88 (not Bacillus oedemalis 
maligni Liborius, Ztschr. f. Hyg., 1, 1886, 
158; Bacillus oedemalis Migula, Syst. d. 
Bakt., 2, 1900, 604); Bacillus oedemalis 
Chester, Man. Determ. Bact,, 1901,292; 
Clostridium oedemalis maligni Bergey et 
al., Manual 1st ed., 1923,325 (see Species 
No. 6, Clostridium seplicum Ford, p. 774): 
Parapleclrum foetidum Weigmann, Cent. 

f. Bakt., II Abt., 4, 1898, 827 (Bacterie |3, 
Weigmann, Cent. f. Bakt., II Abt., 2, 
1896, 155; Bacillus weigmanni Chester, 


Mmi. Drterm. Bact., 1901, 300; Plcc- 
Iridium foetidum Weigmann, Mykologie 
der Milch, Leipzig, 1911, 70; Bacillus 
anaerobius foetidus LeBlaye and Guggen¬ 
heim, Man. Prat. d. Diag. Bact., 1914, 
329; Endosporus foetidus Prdvot, Ann. 
Inst. Past., 61, 1938, 75); Bacillus sapro- 
genes carnis Salus, Arch. f. Hyg., 61, 
1904, 114 {Bacillus saprogenes Salus, 
ibid., 115; not Bacillus saprogenes /, 11, 
III, Herfeldt, Cent. f. Bakt., 11 Abt., 1, 


1895, 77; Bacillus carnis saproger^s 
Salus, Arch. f. Hyg., 61, 1904, 124; 
Plectridium saprogenes Pr^vot, Ann. 
Inst. Past., 61, 19.38, 87); Bacillus sporo¬ 
genes coagulans Debono, Cent. f. Bakt., 
I Abt., Grig., 62, 1912, 229 {Clostridium 
coagulans Bergey et al., Manual, 1st 
ed., 1923, 335); Reading Bacillus, Don¬ 
aldson and Joyce, Lancet, 2, 1917 , 448; 
Bacillus putrificus verrucosus Zeissler, 
Ztschr. f. Infkrnkh. u. Hyg. Haust., St, 
1920-21, 13 {Bacillus verrucosus Leh¬ 
mann and Sussmann, in Lehmann and 
Neumann, Bakt. Diag., 7 Aufl., 2, 1927, 
662). 

Rods: 0.6 to 0.8 by 3.0 to 7.0 microns, 
with rounded ends, occurring singly, in 
pairs, or less frequently in short to long 
chains and filaments. Motile with peri- 
trichous flagella. Spores oval, excentric 
to subterminal, swelling rods. Gram¬ 
positive. 

Gelatin: Liquefied and blackened. 

Agar surface colonies (anaerobic): 
Small, irregular, transparent, becoming 
opaque, yellowish-white, fimbriate. 

Deep agar colonies: Woolly balls vfit 


ense, nodular center. 

Agar slant (anaerobic): Grayish, 

paque, spreading. 

Blood agar is heraolyzed. 

Broth; Turbid. Gas is formed. Futrio 

""Litmus milk: Softly coagulated. L'*' 
lus reduced. Slow peptonization, leav 
ag a dark, amber-colored liquid- 

Indole formed (trace). f" 

Hall, Jour. Inf. Dis.. SO, 1922.482b 
Nitrites not produced from nitr _ 
Acid and gas from glucose, fructose, 
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galactose and maltose. Lactose, sucrose, 
salicin, glycerol, mannitol and inulin not 
fermented. (Records vary on many 
sugars.) 

Coagulated albumin liquefied. 

Blood scrum liquefied to a dark, putrid 
litpiid. 

Brain meilium blackened and digested. 
Foul odor. 

Meat medium reddened, then black¬ 
ened and digested with foul odor. Gas is 
produced. Tyrosin crystals not obvious. 

Non-pathogenie to guinea pig and rab¬ 
bit, other than a slight, temporarj' local 
tumefaction. Filtrate non-toxic on in¬ 
jection and feeding. 

Optimum temperature 37°C. C^an 
grow at 5()“C. 

Anaerobic. 

Source: From intestinal contents, 
gaseous gangrene, and from soil. 

Habitat: Common in soil, cs[)ccially 
where heavily manured. 

The following species are commonly 
regarded as variants of the typical 
Clostridium sporogenes. 

13a. Clostridium sporogenes var. A. P. 
Marie Pr6vot, Ann. Inst. Past., 61, 1938, 
83 (Bacille anaerobic, Marie, Compt. 
rend. Soc. Biol., Paris, 93, 1925, 21). 

Resembles the typical Clostridium 
sporogenes except in the sharp but not 
putrid odor of its cultures. 

Pathogenicity: Large abscesses are in¬ 
duced on subcutaneous injection into 
guinea pigs. 

From spontaneous putrefaction of 
macerated pork. 

13b. Clostridium sporogenes var. equine 
PriSvot, Ann. Inst. Past., 61, 1938, 83 
(Unnamed anaerobe No. IV, Chouk6- 
vitch, Ann. Inst. Past., 26, 1911,259). 

Sporulation is delayed and restricted. 
Spores are long and almost rectilinear. 

Litmus milk is coagulated, then the 
clot is digested after 3 to 4 weeks. 

Coagulated albumin is slowly dissolved. 


Not pathogenic for guinea pig or mou.se. 
From large intestine of horse. 

13c. Clostridium tyrosinogcncs (Hall) 
Bergey et al. (Culture No. 106, Hall and 
Finnerud, Proc. Soc. Expt. Biol, and 
Med., 19, 1921-22, 48; Hacillus tyrosino- 
genes Hall, Abst. Bact., 6, 1922, 7; not 
Bacillus tijrosinogcnes Rusconi, as cited 
by Carbone, Ramazotti, Mazzucchi and 
Monti, Boll. 1st. Sierotcr., Milan, 2, 
1921, (29?), see Clark and Smith, Jour. 
Bact., 37, 1939, 278; Bergey ct al., 
Manual, 1st ed., 1923, 329; Clostridium 
sporogenes var. tyrosinogcncs Pr(5vot, 
Ann. Inst. Past., 61, 1938, 83.) From 
Greek, tyrus, cheese; M. L., tyrosinum, 
tyrosine; genes, producing. 

Ferments monosaccharides but not 
higher carbohydrates (Hall, Jour. Inf. 
Dis., 30, 1922, 482). 

Traces of gas, but no acid, from 
glycerol, sorbitol, mannose, xylose, lac¬ 
tose, sucrose, arabinose, galactose, salicin, 
inulin, dextrin and starch (F. E. Clark, 
personal communication). 

Distinctive character: Forms large 
amounts of tyrosin which precipitate in 
cultures in protein media. 

Source: Originally isolated from a cul¬ 
ture erroneously labeled Bacillus tetani. 
Later isolated from an amputated arm. 

Habitat: Not determined. Only two 
isolations on record. 

13d. Clostridium Jlabelliferum Sturges 
and Reddish. (Fish-tailed putrefactive 
anaerobe, Reddish and Sturges, Abst. 
Bact., 8, 1924, 5; Sturges and Reddish, 
Jour. Bact., 11, 1926, 37; Clostridium 
sporogenes var. caudapiscis Pr^vot, Ann. 
Inst. Past., 61, 1938, 83.) From Latin, 
flahellum, a little fan;/€r, bearing. 

Glucose agar surface colonies (anae¬ 
robic): Coarse, raised, with long pe¬ 
ripheral intertwining outgrowths. 

Deep plain agar colonies: Irregular, 
becoming woolly. 

Sucrose is fermented (in contrast with 
Clostridium sporogenes). 

Distinctive character: Spores are long 
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retained within the sporangium, of which 
the distal end frays out to fibrils, giving 
the characteristic fish-tail appearance. 
Otherwise closely resembles Clostridium 
sporogenes. 

Source; From soured hams and from 
salt. 

Habitat: Not determined, other than 
those sources. 

13e. Clostridium parasporogenes (Bul¬ 
loch etal.) Bergeyetal. (Bacillus Type 
XII, McIntosh and Fildes, Med. Res. 
Counc., Spec. Kept. Ser. No. 12,1917,36; 
Bacillus parasporogenes Bulloch et al., 
Med. Res. Counc., Spec. Kept. Ser. No. 
39, 1919, 39; Bergey ct a!., Manual, 1st 
cd., 1923,327; Clostridiwn sporogenes vht. 
parasporogenes Pr<5vot, Ann. Inst. Past., 
0,1938,83.) 

Deep agar colonies: Lenticular to 
slightly irregular. Not woolly. 

Pathogenic for young guinea pigs. 
Filtrate non-toxic on injection or on 
feeding. 

Optimum temperature 30'’C to 35®C. 

Distinctive character: Resembles Clos¬ 
tridium sporogenes, but does not form 
woolly colonies in deep agar, and is 
agglutinatively distinct. Probably 
merely a variety. 

Source: From gaseous gangrene. 

Habitat: Not determined. Probably 
occurs in soil. 

14. Clostridium parabotulinum Bengt- 
son. (U. S. Pub. Health Serv., Hyg. 
Lab. Bull. 136, 1924, 32; Types A and B, 
Burke, Jour. Bact., 4i 1919, 556; Clostri¬ 
dium botulinum Types A and B, Bergey 
et al.. Manual, 1st ed., 1923, 328.) From 
Latin, para, like; M.L., botulinum, a 
species name. 

Note : This group comprises the putre¬ 
factive (ovolytic) species, including 
strains commonly referred to as Memphis 
and Canton (Type A), and Nevin (Type 
B). Growth of these types is more 
easily obtained than with the Clostridium 
botulinum strains, and the reactions are 
more obvious. 


Gunnison and Meyer (Jour. Inf. Dis., 
45, 1929, 130) propose an intermediate 
group between Clostridium botulinum and 
Clostridium parabotulinum, which they 
call Clostridium melabotulinum. Such 
a group would provisionally include cer¬ 
tain European Type B strains, the Aus¬ 
tralian Type C, certain American Type C 
strains, and the South African Type D. 

Rods: 0.5 to 0.8 by 3.0 by 8.0 microns, 
with rounded ends, occurring singly, in 
pairs, and in short chains. Motile with 
peritrichous flagella. Spores oval, 
subterminal, distinctly swelling rods. 
Gram-positive. 

Gelatin: Liquefied. 

Deep liver agar colonies: Type A tend 
to be restricted to compact disks, with 
sharp outline and small, opaque nucleus 
at periphery. Type B tend rather to 
form loose, woolly colonies (indicative 
only). 

Liver agar surface growth (anaerobic): 
Profuse, moist. 

Broth: Fairly abundant diffuse tur¬ 
bidity. Many strains spontaneously 
agglutinate. 

Liver broth: Luxuriant turbidity. 
Profuse gas. 

Milk: Slight acidity; slow curdling pre¬ 
cipitation, with subsequent digestion and 
darkening. 

Fermentation records are variable: 
Acid and gas from glucose, fructose, mal¬ 
tose, dextrin, glycerol and salicin. 
Galactose, sucrose, lactose, rhamnose, 
raffinose, inulin, adonitol, dulcitol, man¬ 
nitol, xylose, arabinose and inositol not 
fermented (Bengtson, loc. cit., 22-25). 

Coagulated albumin liquefied: Action 
of Type B usually more marked than 

that of Type A. 

Blood serum liquefied. 

Brain medium blackened and digested, 

with putrefactive odor. 

Meat medium blackened and digested. 
Putrefactiveodor. Tyrosine crystals not 
observed. 

Pathogenic for animals. Forms a 
powerful exotoxin which is neurotoxic 
both on injection and feeding, and which 
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is neutralized only by the homologous 
type antitoxin. 

Optimum temperature: Uccords at var¬ 
iance. Grows best at 35 to37®C'. Toxin 
production best at about 28®C'. 

Anaerobic. 

Distinctive character; Types arc 
identified chiefly by protection tests with 
known-type antitoxin, and to less extent 
by agglutination. 

Source; Chiefly from spoiled, non-acid 
canned goods, from soil and from silage. 

Habitat: Found rather widely dis¬ 
persed in soil. 

15. Clostridium saccharolyticum Bcr- 
gey ct al. {Bacillus sporogenes saccharo- 
lylicus Distaso, Cent. f. Bakt., I .\bt., 
Orig., 69, 1911,100; Bergey et al., Manual, 
1st ed., 1923, 334.) From Greek, saccha- 
rum, sugar; lyticus, dissolving, digesting. 

Rods: Short, rounded ends, occurring 
singly, in pairs and in short chains. 
Motile. Spores large, oval, excentric to 
subterminal, swelling rods. Gram-posi¬ 
tive. 

Gelatin; Liquefied. 

Deep glucose agar colonies; Gray, bi¬ 
convex, lenticular, granular, entire. Gas 
is formed. 

Broth: Turbid. 

Milk: Soft coagulation; casein precipi¬ 
tated, then peptonized, leaving a clear, 
yellow-amber supernatant fluid. 

Indole is formed. 

Acid and gas feebly formed from glu¬ 
cose. Lactose and sucrose feebly, or 
doubtfully, fermented. 

Coagulated albumin slowly liquefied. 
Grows well at 37®C. 

Anaerobic. 

Distinctive character: All cultures give 
a mixed butyric and fecal odor. 

Source: From feces of a chimpanzee. 
Habitat: Not determined, other than 
this source. 

16. Clostridium regulare Bergey et al. 
{Bacillus sporogenes regularis Distaso, 
Cent. f. Bakt., I Abt., Orig., 59, 1911,100; 


Bergey et al., Manual, ls( ed., 1023,331.) 
From Latin, straight. 

Ix)ng rods: With rounded end.s, ocrur- 
ringsingly and in pains. Motile. Spores 
oval, .small, .subtcrminal, slightly swelling 
rods. Gram-ix)sitivc. 

Gelatin; Liquefied. 

Deep agar colonies: Small, opaque, 
irregular. 

Milk: .\cid; slowly coagulated, then 
clot slowly digested. 

Indole formed in small (juantity. 

Slight acidity from glucose, lactose and 
sucrose. Gas is not formed. Odor of 
scatol and valerianic acid. 

Coagulated albumin slowly licpicficd. 

Grows at 37®C. 

.\naerobic. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

17. Clostridium hastiforme MacLen- 
nan. (A4, Cunningham, Cent. f. Bakt., 
II Abt., B'2, 1930-31, 487, and Bla, Cun¬ 
ningham, ibid., 83, 1931, 11; MacLennan, 
Jour. Path, and Bact., Jt9, 1939, 543.) 
From Latin, resemblingaspear. 

Rods; Slender, 0.3 to 0.6 by 2.0 to 6.0 
microns, with rounded ends, occurring 
singly, in pairs, and rarely in short chains. 
Filaments not observed. Motile, with 
delicate pcritrichous flagella; motility 
persists even after sporulation. Sjwre.s 
ellipsoidal, subterminal, swelling rods. 
Polar-cap of protoplasm remains long 
attached to free spores. Gram-positive. 

Gelatin: Rapidly liquefied. Blacken¬ 
ing not recorded. 

Plain agar surface colonics (anaerobic): 
Minute translucent dots, becoming ir¬ 
regularly round, granular, grayish-white, 
with opaque center and delicate translu¬ 
cent border. 

Blood agar surface colonies (anaerobic): 
As above, but larger and more opaque. 
Old colonies show grayish pigmentation. 
No hemolysis. 

Deep plain agar colonies ; Small, irregu¬ 
larly round with coarsely filamentous 
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border. A little gas is uceasionally 
formed. 

Broth: Transient uniform turbidity, 
(luickly settling as a heavy, white, 
tioceulent deposit. Culture assumes a 
cheesy odor. 

Milk: Abundant growth, with lab- 
coagulation in 2 to 3 days. Xo increase in 
acidity; becoming slightly alkaline. Clot 
completely digested in 10 to 14 days, leav¬ 
ing a white, semi-translucent fluid of 
cheesy odor. 

Indole not formed. 

Ammonia not formed. 

Hydrogen sulfide not formed. 

Glucose not fermented. 

Carbohydrates not fermented. 

Egg medium: Xo digestion or other 
visible change. 

Coagulated albumin not digested or 
blackened. 

Blood serum not digested or blackened. 
Meat medium not digested or black¬ 
ened, even in presence of metallic iron. 
Meat particles slightly reddened. 

Brain medium not digested or 
blackened. 

Grows well between 22°C’ and 
Anaerobic. 

Xon-pathogenic to guinea pigs on sub¬ 
cutaneous inoculation (Cunningham, 
Cent. f. Bakt., II Abt., S5,1931,12). 

Source; Originally isolated by Cunning¬ 
ham as a dissociant from a culture of 
Bacillus saccharobutyricus von Klecki. 
Later isolated by MacLennan; 1 strain 
from a culture of Clostridium sporogenes, 
and 2 strains from street dust. 

Habitat: Xot determined, other than 
these sources. 

18. Clostridium subtenninale (Hall 
and Whitehead) comb, nov. {Bacillus 
svhterminalis Hall and Whitehead, Jour. 
Inf. Dis., 41,1927, 66.) Named from the 
characteristic position of the spores. 

Rods: Occurring singly, in pairs and 
rarely in short chains. Motile. Spores 
oval, subterminal, swelling rods. Gram¬ 
positive. 


Gelatin: Slowly liquefied, with slight 
turbidity and black sediment. 

Blood agar surface colonies (anaerobic): 
Delicate. At first mildly, later actively, 
hemolytic. 

Deep agar colonies: Opaque, compact, 
biconvex or lobate discs. 

Agar slant (anaerobic): No surface 
growth. 

Glucose broth: Turbidity, but no acid 
or gas formed. 

Indole not formed. 

Milk: Slowly coagulated (2 to 3 days), 
with mild acidity and gas. Slow but com¬ 
plete digestion of casein (8 to 18 days). 

Glucose, fructose, galactose, maltose 
and lactose not fermented. 

Brain medium: Slight turbidity in 
supernatant fluid. Slight gas formation 
and slow digestion. 

Iron brain medium: Blackened in 2 to 3 
days. 

Tyrosin crystals not observable. 

Non-pathogenic to guinea pigs on sub¬ 
cutaneous injection. 

Grows well at 37°C. 

Obligately anaerobic. 

Source: From an African arrowhead. 

Habitat: Not determined, other than 
this source. 

19, Clostrlditun malenomlnatum 

(Weinberg et al.) comb. nov. (Pseudo-coli 
ana^robie, Jungano, Compt. rend. Soc. 
Biol., Paris, 66, 1908-09, 457; Bacillus 
pseudo-coli anaerobic Jungano and Dis- 
taso, Les Ana^robies, 1910,162; Bacillus 
pseudocoli anaerobius LeBlaye and Gug¬ 
genheim, Man. Prat. d. Diag. Bact., 1914, 
345; Bacillus malenominatus Weinberg 
et al., Les Microbes Ana^robies, 1937,763; 
Paraplecirum malenominalum Prdvot, 

Ann. Inst. Past., 61, 1938, 75.) From 
Latin, meaning badly named. 

Rods: Short, cocco-bacillary, becom¬ 
ing elongated to short filaments in old 
cultures—especially in sugar broth. 
Ends rounded. Distinct bipolar staining 
tendency. Non-motile. Capsulated, 
especially in body fluids. Spores oval, 


» 
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subterminal, slightly swelling rods. 
Gram-negative. 

Gelatin: No growth. 

Deep agar colonies: Small, round, very 
regular, almost transparent. Gas not 
formed. 

Plain broth: Uniform turbidity, set¬ 
tling after 48 hours, forming a fine, pow¬ 
dery sediment. 

Indole not produced. 

Milk; Growth with no coagulation. 
Glucose and sucrose not fermented. 
Coagulated albumin: Not attacked. 
Meat medium; Abundant growth. No 
record of changes. Capsules arc demon¬ 
strable in this medium. 

Very pathogenic for guinea pigs, which 
die of septicemia in 24 hours after intra- 
peritoncal inoculation. Less pathogenic 
for rabbit, which dies after one week. 
Toxin not demonstrable in cultures. 
Grows at 22®C to 37®C. 

Obligately anaerobic. 

Source: From feces of a diarrheal 
infant. 

Habitat: Not determined, other than 
this single isolation. 

20. Clostridium bifermentans (Wein¬ 
berg and Seguin) Bergey et al. {Bacillus 
bifermentans sporogenes Tissier and Mar- 
telly, Ann. Inst. Past., 16, 1902 , 894; 
Bacillus bifermentans Weinberg and 
Seguin, La Gangrene Gazeuse, Paris, 
1918, 128; Martellillus bifermentans Hel¬ 
ler, Jour. Bact., 7,1922, 8; Bergey et al.. 
Manual, Isted., 1923,323.) From Latin, 
bis, twice, and fermentum, a ferment. 

Closely related if not identical species: 
Bacillus cenlrosporogenes Hall, Jour. Inf. 
Dis., SO, 1922 , 464 {Clostridium centro- 
sporogenes Bergey etal., Manual, 1st ed., 
1923, 322); Bacillus oedematis sporogenes 
Sordelli, Compt. rend. Soc. Biol., Paris, 
89, 1923,55 (Anaerobic agent de gangrene 
gazeuse, Sordelli, ibid., 87, 1922 , 838; 
Bacillus sordelli Hall and Scott, Jour. 
Inf. Dis., 1927, 329; Bacillus sporo¬ 
genes oedematis Piening, Thesis, Han¬ 
over, 1931, (?), cited from McCoy and 
McClung, The Anaer. Bact., etc., 2, 1939, 
492; Clostridium sordelli Pr^vot, Ann. 


Inst. Past., 67, 1038, S3); ('loslritlium 
ocdematoidcs Melcney, IIum])hroys and 
Carp, Proc. Soc. Kxpt. Biol, and Mod., 
24, 1026-27,677. 

Varying degrco.s of virulence and 
toxicity occur in the above group. Tlie 
more toxic and virulent strains arc com¬ 
monly referred to as Bacillus sordelli, 
although otherwi.se an apparently lionio- 
gcneously organized group. 

Probable synonyms; Clostridium focti- 
dum Liborius, Ztschr. f. llyg., 1, 1880,160 
(Corni7ia foctida Trevisan, I generi c le 
specie delle Battcriacce, 1889, 22; Bacil¬ 
lus foclidus Chester, Ann. Kept. Del. 
Col. Agr. Exp. Sta., 10, 1808, 128; not 
Bacillus foctidus Trevi.san, loc. cit., 16); 
Bacillus liqucfacicHS magnus Liideritz, 
Ztsclir. f. Ilyg., 5, 18S0, 146 (Cornilia 
magna Trevisan, loc. cit., 22; Bacillus 
magnus HerfeUlt, Cent. f. Bakt.. II 
Abt., /, 1805, 78; Bacillus magnus lique- 
faciens LeBlaye and Guggenlieini. Man. 
Prat. d. Diag. Bact., Paris, 1014, 327; 
Bacillus foclidus clostridiiformis LeBlaye 
and Guggenheim, idem, S27)-, Clostridium 
foetidum carnis Salus, Arch. f. Ilyg.. 51, 
1004, 121 {Clostridium carnis foetidum 
and Clostridium foetidum Salus. ibid., 
121 and 124; Clostridium carnofoelidus 
McCrudden, Jour. Biol. Chem., 8, 1910- 
11, 109; Clostridium carnofoetidum 

Prdvot, Ann. Inst. Past., 67, 1938, 84); 
Bacillus sporogenes var. B, MetchnikofT, 
Ann. Inst. Past., 22, 1908, 944 (Clostri¬ 
dium sporogenes var. B, Pr{^vol, Ann. 
Inst. Past., 61, 1938, S3); Bacillus sporo¬ 
genes foetidus Chouk(5viteh, .Ann. Inst. 
Past., 25, 1911, 257 {Bacillus foctidus 
Choukdvitch, ibid., 258); Bacillus putri- 
ftcus tenuis Zeissler, Ztschr. f. Infkrnkh. 
u. Ilyg. Haust., 21, 1020-21, 13; Bacillus 
nonfermenlans Hall and Wliitehcad, 
Jour. Inf. Dis., 41, 1927, 65. 

Rods: 0.8 to 1.0 by 5.0 to 6.0 microns, 
occurring singly, in pairs, and in short 
chains. Sporesoval, central to cxccntric, 
not distinctly swelling rods. Motile in 
very young cultures only (less than 24 
hours old). Gram-positive. 

Gelatin; Liquefied and blackened. 
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Agar 5<urfacc colonies (anaerobic): 
(.'ircular, crcnated to amoeboid. 

Hloixl agar surface colonics (anaerobic): 
Small, transparent, hemolytic, becoming 
opaque, yellowish, spreading. 

Broth: Turbidity and gas. Thick mu¬ 
coid sediment. 

Litmus milk: Slowly coagulated. 
Slowly peptonized, with little gas. 

Indole is formed. 

Nitrites not produced from nitrates. 
Hydrogen sulfide is produced. 

Acid and gas from glucose, fructose, 
mannose and maltose. Lactose, sucrose 
and inulin not fermented. Records sug¬ 
gest variability in glycerol and salicin. 

Coagulated albumin rapidly liquefied 
and blackened. 

Blood serum liquefied and blackened. 
Brain medium digested and blackened. 
Kgg-meat medium digested and black¬ 
ened. Tyrosin crystals in 8 to 10 days. 

Pathogenicity: Variable with the 
strain; some kill rabbits in 24 hours; 
others produce only slight edema, while 
some show no elTect. 

Toxicity: Likewise variable, from acute 

to none. 

Optimum temperature from 30°C to 
37°C. Can grow at 50°C. 

Anaerobic. 

Source: Originally from putrid meat; 
subsequently from gaseous gangrene. 

Habitat: Occurs commonly in feces, 
soil and sewage. Widely distributed in 
nature. 

21. Clostridlummucosum (Klein) Ber- 
gey etal. {Bacillus mticosus Klein, Cent, 
f. Bakt., I Abt., 29, 1901, 991; not Ba¬ 
cillus rnucosus Zimmermann, Die Bakt. 
unserer Trink- u. Nutzwiisser, Chem¬ 
nitz, 2, 1894, 8; Bacterium mucosum 
Migula, Syst. d. Bakt., 2, 1900, 315; 
Bacillus kleinii Buchanan and Hammer, 
Iowa Agric. Exp. Sta. Res. Bull. 22,1915, 
276; not Bacillus kleinii Migula, Syst. d. 
Bakt., 2, 1900, 766; not Bacillus kleinii 
Trevisan, in liil- cited from De Toni and 
Trevisan, in Saccardo, Sylloge Fun- 
gorum, 8, 1889 , 946; Clostridium kleinii 


Bcrgey et al., Manual, 1st ed., 1923, 321; 
Bergey ct al., Manual, 4th ed., 1934, 
172; not Closlridiinn mucosum Simola, 
cited from Pr^vot, Man. d. Class., etc., 
1010, 112; Endosporus ?nucosus Prdvot, 
.Ann. Inst. Past., 61, 1938, 75.) From 
Latin, slimy. 

Rods: 1.3 by 2.0 to 5.0 microns, occur¬ 
ring singly, in pairs and in chains. Mo¬ 
tile. Spores oval, central, not swelling 
rods. Gram-negative (Klein, loc. cil.). 
Young cultures Gram-positive (Buchanan 
and Hammer, loc. cit.). 

No growth in media without carbohy¬ 
drates. 

Glucose gelatin: Slowly liquefied. 

Glucose gelatin surface colonies (anae¬ 
robic) : Small, gray. 

Glucose gelatin stab: Villous growth. 
Slow liquefaction. 

Glucose agar slant (anaerobic): Thin, 
veil-like layer. Slimy condensation 
water. 

Glucose broth: Turbid. Gas bubbles. 

Litmus milk: Acid; slowly coagulated, 
slimy. Gas formed. Odor of butyric 
acid. 

Potato: No growth. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid and gas from glucose. 

Blood serum: No growth. 

Non-pathogenic. 

Grows at 37®C. 

-Anaerobic. 

Source: Blood sausage (Blutwurst). 

Habitat: Not determined, other than 
this source. 

22. Clostridium pruchll (Buchanan and 
Hammer) Bergey et al. {Bacillus lactis 
pruchii Conn, Esten and Stocking, 18th 
Ann. Kept. Storrs Agric. E.xp. Sta., 1906, 
179; Bacillus pruchii Buchanan and 
Hammer, Iowa Agric. Exp. Sta. Res. Bull. 
No. 22,1915, 276; Bergey et al.. Manual, 
1st ed., 1923, 322.) Named for M. J. 
Prucha, American bacteriologist. 

Rods: Variable in size, with club- 
shaped ends. Motile, with peritrichous 
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flagella. Spores central, oval, not swell¬ 
ing rods. Clram-jwsitivc. 

Gelatin: Rapid, stratiform liquefac¬ 
tion. Reddish-yellow sediment. 

Agar surface colonies (anaerobic); 
Round, flat, white, smooth, opaque. 

Agar slant (anaerobic): Luxuriant, 
white, viscid. 

Broth: Turbid, with flocculent pellicle 
and gray viscous sediment. 

Litmus milk: Acid; slowly coagulated, 
becoming slimy yellow. 

Potato: Thin, brownish, spreading. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid but no gas from glucose. 

Coagulated albumin not recorded. 

Blood serum not liquefied. 

Non-pathogenic. 

Optimum temperature 30®(^ Grows 
well between 20®C and 37°C. 

Anaerobic. 

Source: From slimy milk. 

Habitat: Not determined, other than 
this source. 

23. Clostridium cylindrosporum Barker 
and Beck. (Jour. Biol. Chem., 141, 1941, 
3.) Named from the characteristic spore 
morphology. 

Rods: 1.0 by 4.0 to 7.0 microns, straight. 
Motile wdth peritrichous flagella. SjKjres 
elongate to cylindrical, 1.0 to 1.1 by 1.7 
to 3.0 microns, central, subterminal to 
terminal, with little or no swelling of 
rods. Gram-negative. 

Iron-gelatin (Spray): No growth. 

Deep plain agar: No growth. 

Deep uric acid agar colonics: Whitish, 
compact, lobate, 1 to 2 mm in diameter, 
with irregular edges, surrounded by a 
zone of precipitated ammonium ureate 
which gradually disappears. 


Plain broth: No growth. 

Glucose broth : No growfii. 

Iron-milk (Spray): Nogrowth. 

Indole not rcconlcd (probably nega¬ 
tive). 

Nitrites not recorded (probably nega¬ 
tive). 

Glucose not fermented. 

Carbohydrates not fermented. 

Cellulose not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not digested or black¬ 
ened. 

Pathogenicity not recorded (prol)u))ly 
non-pathogenic). 

Optimum temperature about 35®C. 

Optimum reaction about pll 7.5; lower 
limit for growth pH G.5. 

Anaerobic. 

Distinctive clmracters: Requires uric 
acid, or certain other purines, as a pri¬ 
mary source of carbon and energy. Tlie 
purines are converted into ammonia, CO 2 , 
acetic acid and a little glycine. This 
organism is physiologically similar to 
Clostridium acidi-urici, but may be 
readily distinguished from the latter by 
its morphology. 

Source: single strain isolated from 

soil. 

Habitat: Probably soil, although only 
this single isolation is recorded. 

24. Clostridium perfringens (V'’eilIon 
and Zuber) Holland.* Clostridium per- 
fringens Type A, Wilsdon. (Bacillus 
aerogenes capsulalus Welch and Nuttall, 
Johns Hopkins Hosp. Bull. 3, 1892, 81 
(Bacillus capsulatus aerogenes Lehmann 
and Neumann, Bakt. Diag., 2 Aufl., 2, 
1899, 327); Bacillus phlegrnones emphy-^ 
sernatosae Fraenkel, Ueber Gaspldeg- 


• Because of use of the species name per/ringens by the Permanent Standards 
Commission of the Health Organization of the League of Nations (Report of the Per¬ 
manent Commission on Biological Standardization, London, June 23,1931), the use of 
this name has been continued although it is preceded by a valid binomial (Bacillus 
emphysematosus Kruse). 
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moncn, Leipzig. 1893, -47; Bacillus 

emphyseuiatosus Kruse, in Fliigge, Die 
Mikroorg., 3 Aufl., 2, 189G, 242; Bac¬ 
terium aerogenes capsulatus Chester, 
Ann. Kept. Del. Col. Agr. Exp. Sta., 9, 
1897, 125; Bacterium emphysematosus 
Chester, ibid., 126; Bacillus emphy- 
sematis vaginae Lindenthal, Wien. klin. 
Wchnschr., 70, 1897, 42; Bacillus per- 
fringens Vcillon and Zuber, Arch. M<5d. 
Expt. et Anat. Path., 70, 1898, 539; 
Bacillus capsulatus anaerobius and Ba¬ 
cillus capsidatus aerogenes Binaghi, Cent, 
f. Bakt., II Abt., 4, 1898, 920; Granulo- 

bacillus saccharobutyricus immobilis 
liquefaciens Schattenfroh and Grass- 
berger. Cent. f. Bakt., II Abt., 5, 1899, 
702 {Granulobacillus immobilis Schatten¬ 
froh and Grassberger, Arch. f. Hyg., 37, 
1900, 68; Bacillus amylobacter immobilis 
Gratz and Vas, Cent. f. Bakt., II Abt., 
41, 1914, 509); Bacterium welckii Migula, 
ibid., 392; Bacillus welchii Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2, 1907, 
457; Bacillus butyricus asporogenes im¬ 
mobilis Rocchi, Cent. f. Bakt., I Abt., 
Orig., 60, 1911, 580; probably Bacillus 
multiformis Distaso, Cent. f. Bakt., I 
Abt., Orig., 69, 1911, 101 {Bacteroides 
multiformis Bergey et ah, Manual, 1st 
ed., 1923, 263; Cillobacterium mulliforme 
Pr(5vot, Ann. Inst. Past., 60, 1938, 297; 
not Bacillus multiformis van Senus, 
Inaug. Diss., Leiden, 1890, (?), quoted 
from Herfeldt, Cent. f. Bakt., II Abt., 
7. 1895, 117); Bacillus aerogenes-capsu- 
latus Holland, Jour. Bact., 5, 1920, 217; 

Clostridium aerogenes-capsulatum Hol¬ 
land, ibid., 217; Bacillus phlegmones- 
emphysematosae Holland, ibid., 219, 

Clostridium phlegmones-emphysemalosae 

Holland, ibid., 219; Clostridium phleg- 
mones emphysematosae Holland, ibid., 
222; Clostridium welchii Holland, ibid., 
221; Clostridium perfringens Holland, 
ibid., 219; Welchillus aerogenes Heller, 
Jour! Bact., 7, 1922, 6; Butynbacillus 
immohilis-liquefaciens Heller, ibid., 18; 
Bacillus welchii Type A Wilsdon, Univ. 
Cambridge, Inst. Animal Path., 2nd 
Kept, of Dir., 1931, 72; Clostridium 


saccharobutyricum liquefaciens van Bey- 
num and Pette, Cent. f. Bakt., 11 Abt., 
93, 1935-36, 205; Welchia perfringens 
Pr(5vot, Ann. Inst. Past., 61, 1938, 78.) 
Latinized, very fringed. 

Related varieties: Clostridium egens 
Bergey et al., Manual, 1st ed., 1923, 324 
{Bacillus egens Stoddard, Jour. Exp. 
Med., 29, 1919, 187; Stoddardillus egens 
Heller, Jour. Bact., 7, Clostridium 

perfringens var. egens Hauduroy et ah, 
Diet. d. Bact. Path., 1937, 124; Welchia 
perfringens var. egens Pr^vot, Ann. Inst. 
Past., 61, 1938, 78). 

Clostriduim perfringens Type B, Wils¬ 
don. IBacillus of lamb dysentery, Dall- 
ing. Jour. Path, and Bact., 28, 1925, 536, 
and ibid., 29, 1926, 316; L. D. Bacillus, 
Dalling, Handbook Ann. Congr. Nat. 
Vet. Med. Assoc., Gt. Britain and Ire¬ 
land, 1928, 56; Bacillus welckii Type B, 
Wilsdon, Univ. Cambridge, Inst. Animal 
Path., 2nd Rept. of Dir., 1931, 73; Clos¬ 
tridium welckii {Type agni) Glenny et ah. 
Jour. Path, and Bact., 37, 1933 , 53; Ba¬ 
cillus agni Weinberg et al., Les Mic. 
Anadr., 1937, 233; Welchia agni Pr^vot, 
.Ann. Inst. Past., 61, 1938, 78.) 

Clostridium perfringens Type C, Wils¬ 
don. {Bacillus paludis McEwen, Jour. 
Compar. Path, and Ther., 46, 1930, 1, 
Bacillus welchii Type C, Wilsdon, 
Cambridge, Inst. Animal Path., 2nd 
Rept. of Dir., 1931,73; Welchia agni var. 
paludis Pr^vot, Ann. Inst. Past., 61, 
1938, 78; Welchia paludis Pr(5vot, Man. d. 
Class., etc., 1940, 217.) 

Clostridium perfringens Type D, Wils¬ 
don. {Bacillus welchii Type D. Wilsdon, 
Univ. Cambridge, Inst. Animal Path., 
2nd Rept. of Dir., 1931, 74; Bacillus 
ovitoxicus Bennetts, Austral. Inst. Sci. 
and Indus., Bull. No. 57,1932.5, and Vet. 
Jour., 88, 1932 , 250; Welchia agni var. 
ovitoxicus Pr^vot, Ann. Inst. Past., i 
1938 78; Clostridium omtoxicus Spray, m 
Manual, 5th ed., 1939, 773; Welchia om- 
toxicus Pr<4vot, Man. d. Class., etc., f 

217.) n 

Probably related (or possibly identical) 
varieties: Bacille du rhumatisme, 
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Aclmlme, Compt. rend. Soc. Biol., Paris, 
45 , 1891, 651, and Ann. Inst. Past., il, 
189/, 848 (Bacille and bacteriunii 

d’Achalme, Thiroloix, Compt. rend. Soc. 
Biol., Paris, 49, 1897, 268; liacillus ackal- 
mei Neveii-Lemairo, Precis Parasitol. 
Hum., 5th ed., 1921, 24); liacillus em- 
physematis tnalitjni Wicklcin, Arch. f. 
Path. Anat. u. Physiol., 125, 1891, 91; 
Bacillus cadaveris Sternberg, Researches 
relating to the etiology and prevention 
of yellow fever, Washington. 1891, 212 
{Bacterium cadaveris Migula, Syst. d. 
Bakt., 2, 1900, 510; not Bacillus cadaveris 
Klein, Cent. f. Bakt., I Abt., 25, 1899, 
279; not Clostridium cadaveris Sternberg, 
loc. at., 213; not Bacillus cadaveris 
Migula, loc. cit., 646); Bacillus cadaveris 
butyricus Buday, Cent. f. Bakt., I Abt., 
24 , 1898, 374 {Bacillus budayi and Bac¬ 
terium cadaveris bulyricum LeBlaye and 
Guggenheim, Man. Prat, de Diag. Bact., 
1914, 378; Eubacterium cadaveris Pr^vot, 
Ann. Inst. Past., 60, 1938 , 295). 

Bacillus zoodysenteriae Weinberg ct al., 
Les Mic. Anadr., 1937, 256 {Bacillus 
zoodysenteriae hungaricus Detre, Cent. f. 
Bakt., I Abt., Grig., 104, 1927, 251; 
Welchia perfringens var. zoodysenteriae 
PriSvot, Ann. Inst. Past., 61, 1938, 78). 

Clostridium perfringens var. anaero- 
genes Hauduroy et al.. Diet. d. Bact. 
Path., 1937, 122 (Unnamed species of 
Grootten, Compt. rend. Soc. Biol., Paris, 
100, 1929 , 499). 

Rods: Short, thick, 1.0 to 1.5 by 4.0 to 
8.0 microns, occurring singly and in pairs, 
less frequently in short chains. Non- 
motile. Spores oval, central to excentric, 
not swelling rods. Encapsulated. Gram- 
positive. 

Gelatin: Liquehed and blackened. 

.'^gar surface colonics (anaerobic): 
Circular, moist, slightly raised, opaque 
center, entire. 

Broth: Turbid; peptolytic. Clearing 
with viscid sediment. 

Litmus milk: Acid, coagulated. Clot 
torn with profuse gas formation, but not 
digested. 


Potato: Thin, grayish-white streak; 
gas in subtended liquid. 

Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, maltose, lactose, 
sucrose, .xylose, trehalose, raffinosc, 
starch, glycogen and inositol. Mannitol 
not fermented. Salicin rarely fer¬ 
mented. .Action on inulin and glycerol 
variable. 

Coagulated albumin not liquefied. 

Blood scrum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Egg-meat: Profuse gas production in 8 
hours. The meat is reddened and the 
liquid becomes turbid. No digestion. 

Pathogenic for guinea pig, pigeon and 
mouse. Produces an exotoxin for which 
an antitoxin can be prepared. 

Optimum temperature 35“C to 37°C. 
Can grow at 50°C. 

Anaerobic. 

Distinctive characters: Stormy fer¬ 
mentation of milk, combined with non¬ 
motility. 

Source: Gaseous gangrene, feces, milk 
and soil. 

Habitat: Widely distributed in feces, 
sewage and soil. 

25. Clostridium sphenoides (Bulloch 
et al.) Bergey et al. {Bacillus sphenoides 
Bulloch, Bulloch, Douglas, Henry, 
McIntosh, O’Brien, Robertson and Wolf, 
Med. Res. Counc., Spec. Kept. Ser. No. 
39, 1919, 43; Douglasillus sphenoides 
Heller, Jour. Bact., 7, 1922, 5; Bergey 
et al., Manual, 1st ed., 1923, 331; Plcctri- 
dium sphenoides Prdvot, Ann. Inst. Past., 
61, 1938, 88.) From Greek, wedge- 
shaped. 

Described from Bulloch et al., loc. 
cit., as amplified by Hall, Jour. Inf. Dis., 
SO, 1922,502. 

Rods: Small, fusiform in vegetative 
state, occurring singly, in pairs and occa¬ 
sionally in short chains. Sporulating 
cells cuneate. Motile. Spores spheri¬ 
cal, subterminal, becoming terminal on 
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maturation, swelling rods. Gram-posi¬ 
tive only in young cultures. 

Gelatin: Not liquefied. 

Agar surface colonies (anaerobic); 
Circular, or slightly irregular, entire. 

Blood agar surface colonies (anaerobic): 
Minute dew-drops, becoming whitish, 
opaque. Blood is hemolyzed. 

Deep agar colonies: Minute, opaque, 
smooth disks. 

Broth: Turbid. 

Litmus milk; Acid; slowly and softly 
coagulated. Clot not digested. 

Indole not formed (indole formed by 
Tholby strain, Stanley and Spray, Jour. 
Bact.,'4f. 1941,256). 

Nitrites produced from nitrates. 

Acid and gas from glucose, galactose, 
maltose, lactose and salicin. Inulin, 
glycerol and dulcitol not fermented. 
Strains are apparently variableon manni¬ 
tol, sucrose, dextrin and starch. 
Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature not determined. 
Grows well at 30®C to 37°C. 

Anaerobic. 

Source : From gangrenous war wounds. 
Habitat; Not determined, other than 
this source. 

20. Clostridium innominatum Prdvot. 
(Bacillus E, Adamson, Jour. Path, and 
Bact., 22, 1918-19, 391; Prdvot, Ann. 
Inst. Past., 61, 1938,85.) From Latin, 

remaining unnamed. 

Rods: Very small, thick, tapering at 

oneor both ends, occurring singly, paired, 
in chains and filaments. Involution 
forms abundant on glucose agar. Motile. 
Spores small, spherical, subterminal, 
swelling rods. Gram-irositive, quickly 
becoming Gram-negative. 

Gelatin; Not liquefied. 

Glucose agar surface colonies (anaero¬ 
bic) : Two forms are produced; 1) Circu¬ 


lar, entire edge, opaque; 2) Diffuse, 
spreading, irregular and translucent. 

Plain agar surface colonies (anaerobic): 
Small, circular, entire edge, whitish- 
translucent, becoming opaque-yellowish 
with age. 

Plain broth; Moderate turbidity, clear¬ 
ing by sedimentation in 3 to 4 days. 

Glucose broth: More abundant tur 
bidity and slight gas production. 

Milk: Slowly acidified but not clotted. 
No further change. 

Glucose, maltose, lactose and mannitol 
fermented with acid and gas. 

Sucrose not fermented. 

Coagulated albumin; Not digested or 
blackened. 

Meat medium: Not digested or black¬ 
ened. 

Blood serum; Not digested or black¬ 
ened. 

Brain medium: Not digested or black¬ 
ened. 

Non-pathogenic (Prdvot, loc. cit.)- 
Grows well at 37®C. 

Anaerobic. 

Source: From septic and gangrenous 
war wounds. 

Habitat: Not determined, other than 
this source. 

27. Clostridium filiforme Bergey et al. 
{Bacillus regularis filiformis Debono, 
Cent. f. Bakt., I Abt., Orig., 62, 1912, 
234; Bergey et al.. Manual, 1st ed., 1923, 
331.) From Latin, thread-like. 

Rods: 0.5 to 0.8 by 3.0 to 5.0 microns, 
slender, occurring singly, in pairs, in 
chains and filaments. Non-motile. 
Spores very small, spherical, subterminal, 
or occasionally terminal, not swelling 
rods. Gram-positive. 

Gelatin: Not liquefied. 

Deep gelatin colonies: Small, gray, 

filamentous. 

Deep agar colonies: Irregular, gray, 

translucent, filamentous. 

Broth; Uniform turbidity. 

Litmus milk; Acid, but no further 

change. 
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Potato: Gray, filamentous; substance 
not digested. 

Acid and gas from glucose and lactose. 
Acid only from sucrose and dulcitol. 
Starch not fermented. 

Coagulated albumin not liquclietl. 

Grows in gelat in at 22°C. 

Anaerobic. 

Source; From human feces. 

Habitat: Not determined, other than 
this source. 

28. Clostridium sartagoformum Partan- 
sky and Henry. (Jour. Pact., 30, 1935, 
570.) From Latin, shaped like a fry¬ 
ing-pan. 

Rods: 0.3 to 0.5 by 3.5 to 6.0 microns. 
Slender, curved, with rounded ends, oc¬ 
curring singly. Motile. Spores oval, 
terminal, swelling rods. Gram-positive.' 

Gelatin; Not liquefied. 

Agar surface colonies (anaerobic): 
Convex, discrete, circular, transparent to 

white and opaque. Surface moist and 
smooth. 

Blood agar not hcmolyzcd. 

Deep agar colonies: Regular, lenticular, 
smooth. 

Broth; Clear; no growth. 

Glucose broth: Turbid, witli gas bub¬ 
bles. 

Litmus milk: Acid; slowly coagulated, 
with some gas formation. Clot not di¬ 
gested. 

Potato: Very scant growth. No gas in 
surrounding liquid. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid and gas from xylose, glucose, fruc¬ 
tose, galactose, sucrose, lactose, mdtose, 
roffinose, inulin, salicin, mannitol, ace- 
tateandbutyrate. Starch,ethanol,glyc¬ 
erol and dulcitol not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. Scant 
growth. 

Brain medium not blackened or di¬ 
gested, Some gas is formed. 

Optimum temperature ST^C. 

Anaerobic. 

Distinctive character: Ferments sulfite 


waste liquor in 40 per cent concent rat ioti, 
forming butyric and acetic acids, IL 
and CO 2 . 

Source: From garden soil and from 
stream and lake mud. 

Habitat; Not recorded; obviously soil. 
Distribution undetermined. 

20. Clostridium paraputrlficum (Bien- 
stock) Snyder. (Art V, Bienstock, 
Fortschr. d. Med., /, 1883, 612; Bacillus 
diaptkirus Trevisan, I generi e le specie 
delie Batteriacee, 1889,15; Bacillus para- 
putrificus Bienstock, Ann. Inst. Past., 

20 , 1906,413,andStrassburgerMed. Zeit., 

■ 5 , 1906, 111; Bacillus paraputrificus coli 
Henry, Brit. Med. Jour., 1 , 1917, 763; 
Tissierillus paraputrificus Heller, Jour. 
Bact., 7, 1922, 27; Snyder, Jour. Bact., 
32, 1936, 401; Plectridium paraputrificum 
Prdvot, Man. d. Class., etc., 1940, 160.) 
From Latin, also putrefying. 

Probable synonyms; Kopfcheiibak- 
tcrien, Esclierich, Fortschr. d. Med., 8 , 
1885,515; Bacillus No. 3, Rodella, Ztsclir. 
f. llyg., 39, 1902,209 {Plectridium Jluxum 
Prdvot, Ann. Inst. Past., 61, 1938, 87); 
Art XI, Hibler, Cent. f. Bakt., I Abt., 
25, 1899,516 (Art IX, Hibler, Untersucli. 
ii. d. Path. Anaer., 1908, 3 and 407; 
Plectridium nonum Prdvot, Ann. Inst. 
Past., 57, 1938,88); Anaerobe b, Dalyell, 
Jour. Path, and Bact., 19, 1914-15, 281; 
Bacillus innutritus Kleinschmidt, Mo- 
natschr. f. Kinderheilkunde, 62, 1934, 18 
(Palmula innutrita Prdvot, Ann. Inst. 
Past., 61, 1938, 89; Acuformis innutritus 
Prdvot, Man. d. Class., etc., 1940, IG5). 

Described from Hall and Snyder, Jour. 
Bact.,;?8, 1934, 181. 

Rods: 0.3 to 0.5 by 2.0 to 6.0 microns. 
Straight or slightly curved, single, in 
pairs, or in short chains. Ends rounded. 
Motile with peritrichous flagella. Spores 
oval, terminal, swelling rods. Gram- 
positive. 

Gelatin: Not liquefied. Gas is formed. 
Blood agar surface colonies (anaerobic) : 
Delicate, irregular, round-topped dew- 
drops. Non-heinolytic. 



794 


MAXTAL OF DETERMIXATIVE BACTERIOtOGY 


Deep agar colonies: Small, irregular, 
opaque, dense, cottony masses. Gas is 
formed. 

Broth: Diffuse turbidity. 

Milk; Usually coagulated in from 6 to 
10 days. Abundant gas, but no peptoni¬ 
zation. 

Indole is not formed. 

Acid and gas from glucose, fructose, 
galactose, maltose, lactose, sucrose, raffi- 
nose, dextrin, soluble starch, amygdalin 
and salicin. Xylose, inulin, mannitol 
and glycerol not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied or discolored. 

Brain medium not blackened or di¬ 
gested. Non-proteolytic. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows well at 37°C. 

Anaerobic. 

Source: Feces, gaseous gangrene, and 
postmortem fluid and tissue cultures. 

Habitat: Undetermined, other than 
these sources. Evidently occurs com¬ 
monly in intestinal canal of human beings. 

30. Clostridium cochlearium (Bulloch 
et al.) Bergey etal. (Bacillus Type IIIc, 
McIntosh, Med. Res. Ck)unc., Spec. Kept. 
Ser. No. 12,1917,20; Bacillus cochlearius 
Bulloch, Bulloch, Douglas, Henry, McIn¬ 
tosh, O’Brien, Robertson and Wolf, Med. 
Res. Counc.,Spec.Rept. Ser.No.39,1919, 
40; Flemingillus cochleanus Heller, Jour. 
Bact., 7, 1922, 5; Bergey et al., Manual, 
1st ed., 1923, 333; Plectridium cochlear¬ 
ium Pr^vot, Ann. Inst. Past., 6 i, 1938, 
88; Plectridium incerlum Pr^vot, idem.) 
From Latin, spoon-shaped. 

Rods: Slender, straight, occurring 
chiefly singly,or infrequently in pairs and 
in short chains. Motile with peritrichous 
flagella. Spores oval, terminal, swelling 
rods. Weakly Gram-positive. 

Gelatin: Not liquefied. 

Agar surface colonies (anaerobic): 
Circular, clear, entire, or with crenated 
edge. 

Deep agar colonies: Lenticular, entire. 

Broth: Turbid. 


Litmus milk: Unchanged. 

Glucose not fermented. 

Carbohydrates not fermented. 

Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Meat medium: Slightly reddened. Not 
blackened or digested. Little gas of non- 
putrefactiveodor. 

Non-pathogenic. 

Optimum temperature 30°C to 35°C. 

Anaerobic. 

Source: From human war wounds and 
septic infections. 

Habitat: Not determined, other than 
these sources. Probably occurs in soil. 

31. Clostridium kluyveri Barker and 
Taha. (Jour. Bact., 4^, 1942, 347.) 
Named for A. J. Kluyver, in whose labora¬ 
tory the organism was discovered. 

Rods: 0.9 to 1.1 by 3.0 to 11.0 microns. 
Straight to slightly curved; usually sin¬ 
gle, but also paired and occasionally in 
long chains. Motile with peritrichous 
flagella. Spores oval, terminal, swelling 
rods. Generally Gram-negative; some 
strains weakly Gram-positive when 
young. 

Iron-gelatin (Spray); No growth. 

Surface agar colonies (anaerobic): 
Growth slow and restricted by residual 
traces of oxygen. Rough and smooth 
colonies are produced. 

Deep agar colonies (yeast autolysate 
and CjHsOH): Small colonies (1 to 3 
mm) after 2 to 3 days; two types are 
formed; a) fluffy spheres with dense 
nuclear center and filamentous periphery; 
b) compact, lenticular colonies. Little 
gas is formed. 

Plain broth: No growth. 

Glucose broth: No growth. 

Milkor iron-milk (Spray): No growth. 

Indole not recorded (probably nega¬ 
tive). 

Nitrites not recorded (probably nega¬ 
tive). 

Glucose not fermented. 

Carbohydrates not fermented. 
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Cellulose not fermented. 

Coagulated albumin not liquefied. 

Blood scrum not liquefied. 

Brain medium not digested or black¬ 
ened. 

Probably non-pathogenic. 

Optimum temperature about 34®C. 
Grows between 19®C and 37®C. 

Optimum reaction about pll 6.8. 
Range forgrowth pH 6.0 to 7.5. 

Anaerobic. 

Distinctive characters: Large size of 
cells, and slow growth, accompanied by 
non-putrefactive odor of caproic acid and 
of higher alcohols. Growth is exception¬ 
ally favored by synergistic association 
with Methanobacterium omelianskii. In 
pure culture a high concentration of yeast 
autolysate is required. Caproic acid is 
formed from ethyl alcohol. 

Source: From black mud of fresh water 
and marine origin. 

Habitat: Not determined, other than 
these sources. Evidently widely dis¬ 
persed in nature. 

32. Clostridium acldluricl (Liebert) 
Barker. {Bacillus acidi urici Liebert, 
Koninkl. Akad. v. Wetensch., Proc. 
Sect. Sci., Amsterdam, 12y 1909, 55; 
Barker, Jour. Bact., 1938, 323.) 
Named from its characteristic ability to 
ferment uric acid. 

Rods: 0.5 to 0.7 by 2.5 to 4.0 microns; 
straight. Motile with peritrichous fia- 
gella. Spores oval, terminal, swelling 
rods. Most strains Gram-negative. A 
few strains weakly Gram-positive, 
quickly becoming Gram-negative. 
Iron-gelatin (Spray): No growth. 

Deep plain agar: No growth. 

Deep uric acid agar colonies : Whitish, 
compact, lobate, 1 to 2 mm in diameter, 
with irregular edge; surrounded by a 
temporary zone of precipitated am¬ 
monium ureate which gradually disap¬ 
pears. 

Surface uric acid agar colonies (anaero¬ 
bic) : Variable with strain and with 
moisture of medium. Ck)lonies 1 to 2 
mm in diameter, opaque, white, raised, 


round, smooth edge, with concentric sur¬ 
face markings, and of rubbery consist¬ 
ency. Other colonies may be very thin, 
soft, transparent, with fimbriate projec¬ 
tions, spreading to cover almost the entire 
plate. Intermediate colony types also 
observed. 

Plain broth: No growth. 

Glucose broth: No growth. 

Iron-milk (Spray): No growth. 

Indole not recorded (probably nega¬ 
tive). 

Nitrites not recorded (probably nega¬ 
tive). 

Glucose not fermented. 

Carbohydrates not fermented. 

Cellulose not fermented. 

Coagulated albumin not liquefied 

Blood serum not liquefied. 

Brain medium not digested or black¬ 
ened. 

Probably non-pathogenic. 

Optimum temperature about 35°C. 

Optimum reaction about pH 7.5; lower 
limit for growth about pH 6.5. 

.\naerobic. 

Distinctive characters: Requires uric 
acid, or certain other purines, as a 
primary source of carbon and energy. 
The purines are converted mainly into 
ammonia, COj and acetic acid. During 
growth the medium tends to become alka¬ 
line (pH 8.0 to 8.5); there is no visible 
evolution of gas. 

Source: From soils of diverse origin. 

Habitat: Evidently widely dispersed 
in soils. Present in fecal material of 
yellow-shafted flicker {Cola-ptes auralus). 

33. Clostridium capitovale (Snyder and 
Hall) Snyder. {Bacillus capitovalis Sny¬ 
der and Hall, Cent. f. Bakt., I Abt., 
Orig., 135, 1935, 290; Clostridium capi¬ 
tovalis Snyder, Jour. Bact., 32, 1936,401; 
Plectridium capitovalis Pr^vot, Ann. 
Inst. Past., 61, 1938, 87.) From Latin, 
oval-headed. 

Rods: 0.5 to 0.8 by 2.0 to 2.5 microns. 
Slender, commonly curved, with rounded 
ends, occurring singly, in pairs, and rarely 
in short chains. Motile with long peri- 
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trichous flagella. Spores oval, terminal, 
swelling rods. Gram-positive. 

Gelatin: Liquefied. 

Blood agar surface colonies (anaerobic): 
Tiny, transparent, round or irregular 
dew-drops, becoming opaque. Non-he- 
molytic. 

Deep agar colonies: Small, opaque, 
lenticular to heart-shaped. 

Tryptone broth: Turbid. Gas is 
formed. 

Milk -.Often, but not invariably, clotted. 
Acid is formed. Clot, when formed, is 
not digested. 

Indole not formed. 

Nitrites not produced from nitrates. 

Acid and gas from glucose, fructose and 
galactose. Maltose, lactose, sucrose, raf- 
finose, xylose, inulin, dextrin, starch, 
cellulose, amygdalin, salicin, mannitol 
and glycerol not fermented. 

Coagulated albumin liquefied. 

Blood serum slowly softened and par¬ 
tially liquefied. Not blackened. Mildly 
proteolytic. 

Brain medium is blackened; slightly 
softened, but not conspicuously liquefied. 

Pathogenicity: Guinea pig may show 
slight subcutaneous edema; usually no 
effect. Non-pathogenic for rabbit. 

Grows at 37®C. 

.Anaerobic. 

Source: Human feces, gaseous gangrene 
and septicemia. 

Habitat: Not determined, other than 
these sources. 

34. Clostridium parabifermentans 
comb. nov. {Bacillus parabifermentans 
sporogenes de Gasperi, Compt. rend. Soc. 
Biol., Paris, 67, 1909,492.) From Greek, 
para, near, and Latin, bis, twice, and 
fer7nentum, a ferment. 

Rods: 0.5 to 0.7 by 4.0 to 5.0 microns, 

. occurring singly, in pairs and in chains of 
3 to 5 cells. Motile. Spores oval, ter¬ 
minal, swelling rods. Gram-positive. 

Glucose gelatin: Rapid growth with 
liquefaction. 

Deep glucose agar colonics : Lenticular, 
regular, opaque, whitish. Agar dis¬ 


rupted by considerable gas of putrefactive 
odor. 

Glucose broth: Abundant growth with 
uniform turbidity and with viscous sedi¬ 
ment. 

Milk: Acidified but not coagulated. 
Casein slowly precipitated with slow, but 
complete, digestion. 

Indole formed in trace. 

Glucose, lactose and sucrose fermented 
to acids. (Gas not recorded.) Starch is 
not fermented. 

Coagulated albumin actively liquefied. 
Non-pathogenic for mouse. 

Grows between 22®C and 37*C. 
Anaerobic. 

Source: From putrefying game (pheas¬ 
ant and guinea-fowl). 

Habitat: Undetermined, other than 
this source. 

35. Clostridium ovalare Bergey et al. 
{Bacillus putrificus ovalaris Debono, 
Cent. f. Bakt., I Abt., Orig., 62, 1912, 
231; Bergey et al., Manual, 1st ed., 1923, 
336; Plectridium ovalaris Prdvot, Ann. 
Inst. Past., 61, 1938, 88.) From Latin, 
oval. 

Rods: 0.3 to 0.4 by 6.0 to 8.0 microns, 
straight or curving, ends rounded, occur¬ 
ring singly, in pairs and in short chains. 
Motile. Spores oval, terminal, swelling 
rods. Gram-positive. 

Gelatin: Rapidly liquefied. 

Deep glucose agar colonies: Small, 
globular, entire, becoming brownish. 
Scant gas is formed. 

Broth: Turbid. 

Litmus milk: Acid, peptonized without 
coagulation. 

Indole not formed. 

Acid and scant gas from glucose and 
lactose. Acid only from sucrose. Dulci- 
to! not fermented. 

Coagulated albumin rendered transpar¬ 
ent, then slowly peptonized, with a' 
putrefactive odor. 

Grows at 22‘’C and at 37°C. 

Anaerobic. 

Source: Originally from putrid meat, 
later from feces. 



family bacillaceae 


Habitat: Not determined, other than 
these sources. 

36. Clostridium zooglelcum Bergey et 
al, {Bacillus sporogenes zooglcicus Dis- 
taso, Cent. f. Bakt., I Abt., Orig., 59, 
1911, 99; Bergey et al., Manual, 1st cd., 
1923 , 335.) From Greek, zoogleal. 

Rods: Fairly long, occurring singly, in 
pairs and in short chains. Motile. 
Spores large, oval, terminal, swelling 
rods. Gram-positive. 

Gelatin: Growth and liquefaction not 
recorded. 

Deep agar colonies: Small, gray, 
slightly opaque, becoming heart-shaped. 
Gas is not formed. 

Broth: Turbid, then clearing with 
zoogleal sediment. 

Litmus milk: Slowly coagulated, then 
digested. Litmus reduced. 

Indole is formed in trace. 

Acid but no gas from glucose. Lactose 
and sucrose not fermented. 

Coagulated albumin liquefied, leaving a 
clear fluid and zoogleal sediment. 

Grows at 37®C. 

Anaerobic. 

Source: From human feces. 

Habitat: Undetermined, other than 
this source. 

37. Clostridium thermosaccharolyticum 
McClung. (Jour. Bact., 29, 1935, 200; 
Terminosporus Ihennosaccharolyticus 
Pr4vot, Ann. Inst. Past, 61, 1938, 86.) 
From Greek, heat, and sugar-digesting. 

Rods: 0.4 to 0.7 by 3.5 to 7.5 microns, 
slender, granulated, occurring singly and 
in pairs, not in chains. Motile with peri- 
trichous flagella. Spores spherical, ter¬ 
minal, swelling rods. Gram-negative. 

Gelatin: Not liquefied. 

Pea-infusion agar surface colonies 
(anaerobic): Granular, grayish-white, 
raised center, with feathery edges. 

Deep glucose-tryptone agar colonies: 
Small, lenticular, smooth. 

Liver-infusion broth over liver meat: 
Turbidity and gas. 

Litmus milk: Litmus reduced. Acid 


and slow but firm coagulation; coagulum 
split with gas. Clot not digested. 

Indole not formed. 

Nitrites not produced from nitrates. 
Cellulose not fermented. 

Acid and gas from arabinose, fructose, 
galactose, glucose, mannose, xylose, collo- 
hio.se, lactose, maltose, sucrose, trehalose, 
dextrin, glycogen, corn-starch, amygda- 
lin, csculin, a-methyl glucoside and 
salicin. Raflinose weakly fermented. 
Rhamnose, inulin, pectin, erythritol, 
inositol, mannitol, glycerol, qucrcitol and 
Ca-lactatc not fermented. 

Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Meat-medium not blackened or di¬ 
gested. 

Xon-pathogenic on feeding to wiiife 
rat, or by injection into rabbit. 

Optimum temperature 55°C to fi2'’C. 
Thermophilic. 

.\naerobic. 

Source: From hard-swell of canned 
goods, and from soil. 

Habitat: Not determined, other than 
these sources. 

38. Clostridium caloritolerans Meyer 
and Lang. (Jour. Inf. Dis.,59,1926,321; 
Plectridium caloritolerans Prdvot, Ann. 
Inst. Past., 61, 1938, 87.) From Latin, 
heat-enduring. 

Rods: 0.5 to 0.8 by 8.0 to 10.0 microns, 
with rounded ends, occurring singly, in 
pairs, in chains and in curved filaments. 
Motile with pcritrichous flagella. Spores 
spherical or pear-shaped, terminal, swell¬ 
ing rods. Gram-positive. 

Gelatin: Not liquefied. 

Glucose blood agar surface colonics 
(anaerobic): Small, flat, grayish, rhizoi- 
dal. Non-hemolytic. 

Deep liver agar colonics: Small, flat, 
transparent disks with large polar tufts. 
Some colonics become IlulTy. 

Broth: Slight turbidity. 

Glucose broth: Abundant turbidity, 
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with clearing by sedimentation. Gas is 
formed. 

Brom crcsol purple milk: No change. 
Indole not formed. 

Acid and gas from glucose, galactose 
and maltose. Fructose feebly fer¬ 
mented. Lactose, sucrose, raffinose, inu- 
lin, salicin, mannitol, inositol and glyc¬ 
erol not fermented. 

Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Beef-heart mash medium: Reddened; 
not blackened or digested. 

Non-pathogenic for mouse, guinea pig 
and rabbit. 

Optimum temperature not determined. 
Grows at 37°C. 

Anaerobic. 

Source: From an old culture of C7os- 
tridium parabotulinum Type A. 

Habitat: Not determined, other than 
this single i.solation. 

39. Clostridium tetanoides (Adamson) 
Hauduroy et al. (Unnamed anaerobe, 
.Vdamson and Cutler, Lancet, 1,1917,688; 
Bacillus tetanoides (.4) Adamson, Jour. 
Path, and Bact., 22, 1918-19, 382; Hau¬ 
duroy et al., Diet. d. Bact. Path., 1937, 
140; Palmula macrospora Pr^vot, Ann. 
Inst. Past., 61, 1938, 88; Acw/ormis ma- 
crosporus Pr^vot, Man. d. Class., etc., 
1940, 166.) From Latin, tetanus-like. 

Rods: 1.0 to 2.0 by 4.0 to 12.0 microns 
(averaging 1.0 to 1.5 by 6.0 to 7.0 mi¬ 
crons), with rounded to slightly tapered 
ends, occurring singly, in pairs and in 
chains of 3 to 5 cells, but not in filaments. 
Motile only in young cultures. Spores 
large, spherical, terminal, swelling rods. 
Gram-positive in young cultures, soon 
becoming Gram-negative. 

Gelatin: Not liquefied. 

Glucose agar surface colonies (anaero¬ 
bic): Circular, regular, opaque, bluish- 
gray, moist, shining, thick, raised. 
Surface flat, becoming conical in center 
with age. On moist medium showing 


radiating, dendritic branching. Growth 
becomes tenacious-mucoid. 

Plain agar surface colonies (anaerobic): 
Confluent, becoming an opaque film. 
Isolated colonies circular to slightly ir¬ 
regular. Dendritic branching and mu¬ 
coid tendency less evident than on glucose 
agar. 

Glucose agar stab: Thick growth along 
stab, starting 0.5 cm below surface. 
No gas or splitting of medium. 

Neutral-red glucose agar: Reduced to 
orange by transmitted, and greenish- 
fluorescent by reflected light. 

Plain broth: Early slight turbidity, 
with clearing and mucoid sedimentation. 

Glucose broth: Abundant turbidity and 
profuse mucoid sediment. 

Milk: Slight and slowly increasingalka- 
linity, with slow separation of casein. 
No further change. 

Indole: Trace formed in broth. 

Glucose and maltose fermented with 
acid but no gas. Lactose, sucrose, manni¬ 
tol, starch and cellulose not fermented. 

Coagulated albumin: Not digested or 
blackened. 

Meat medium: Not digested or black¬ 
ened. 

Blood serum: Not digested or black¬ 
ened. 

Brain medium: Not digested or black¬ 
ened. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature not recorded. 
Grows well at 37'*C. 

Anaerobic. 

Source: From w'ar wounds, from post¬ 
mortem blood culture, and from garden 
soil. 

Habitat: Not determined, other than 
these sources. 

40. Clostridium tetani (Fliigge) Hol¬ 
land. (Tetanusbacillen and Tetanuser- 
reger, Nicolaier, Deuts. Med. Wchnschr., 
10 1884, 843; Bacillus tetani Fliigge, Dit 
Mikioorg., 2 Aufl., 1886, 274; Pacinu 
nicolaien Trevisan, I generi e le spccu 
delle Batteriacee, 1889, 23; Plectridtum 
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tetani Fischer, Jahrb. f. Wisscnsch. 
Botanik, n, 1895, (147?); Holland, Jour. 
Bact., 5, 1920, 220 ; Nicollaierillus tetani 
Heller, Jour. Bact., 7, 1922, 7.) From 
tetanus, lockjaw. 

Rods: 0.4 to 0.6 by 4.0 to 8.0 microns, 
rounded ends, occurring singly, in pairs, 
And often in long chains and filaments. 
Motile with peritrichous flagella. Siwres 
spherical, terminal, swelling rods. 
Gram-positive. 

Gelatin: Slowly liquefied and black¬ 
ened. 

Serum agar surface colonies (anaero¬ 
bic): Small, transparent, villous to fim¬ 
briate margin. 

Blood agar is hemolyzed. 

Deep agar colonies: Fluffy, cottony 
spheres, usually without visible central 
nucleus. 

Broth: Slightly turbid. Gas is formed. 
Some strains clear quickly by sedimen¬ 
tation. 

Litmus milk: Slow precipitation of 
casein, or soft clotting. Clot slowly 
softened, but not definitely digested. 
Little gas is formed. 

Indole is formed. 

Nitrites not produced from nitrates. 

Glucose not fermented. 

Carbohydrates not fermented. 

Coagulated albumin slowly liquefied. 

Blood serum slowly softened, with 
feeble digestion. 

Brain medium blackened and slowly 
digested. Not actively proteolytic. 

Pathogenic and toxic. Forms a potent 
exotoxin for which an antitoxin is pre¬ 
pared. Toxin intensely toxic on injec¬ 
tion but not on feeding. 

Optimum temperature 37®C. 

Anaerobic. 

Source: Originally isolated from ani¬ 
mals inoculated with garden soil extract. 
Frequently isolated from wounds in hu¬ 
man tetanus. 

Habitat: Common in soils, and in hu¬ 
man and horse intestine and feces. 

41. Clostridium lentoputrescens Hart- 
sell and Rettger. (Bacillus der Eiweiss- 


fitulniss, Bicnstock, Fortschr. d. Med., /, 
1883, 614 (.\rt IV, Bienstock, ibid., 012; 
Kiweissbacillus, Bienstock, Ztschr. {. 
klin. Med., 8 , 18S4. 38); liacillus alhu- 
minis Schroeter, in Cohn's Kryptogamcn- 
Flora von Schlesicn, S, I. 1880, 162; 
Bacillus putrificus coli Fliiggo, Die 
Mikroorg., 2 Aufl., 1880 , 303; Padnia 
putrijica Trevisan, I goncri e Ic specie 
delle Battcriacee, 1889, 23; Bacillus 
putrificus Bienstock, Ann. Inst. Past. 
13, 1899, 801; Bacillus hutyricus putre- 
faciens RodcIIa, Ann. Inst. Past., 19 
1905 , 804; Putribacillus vulgaris Orla- 
Jensen, Cent. f. Bakt., II Abt., 22 , 190'), 
343; Clostridium pulrificum Holland, 
Jour. Bact., 6 , 1920, 220; Putrificus 
bienstocki Heller, Jour. Bact., 7 , 1922, 
S; Bacillus putrificus (coli) Lehmann and 
Neumann, Bakt. Ding., 7 Aufl., 2, 1927. 
661; Hartscll and Rettger, Jour. Bact.. 
27, 1934, 39 and 497; Plectridium putrifi- 
cum and Plectridium putrificum var. 
lentoputrescens Prdvot, Ann. Inst. Past., 
61, 1938, 88 .) From Latin, slowly made 
putrid. 

Probable synonyms: Bacillus radiatus 
Liideritz, Ztschr. f. Ilyg., 5, 1889, 149 
{Cornilia radiata Trevisan, loc. cil., 22 ; 
Bacillus radiatus anaerobius HopfTe, 
Ztschr. f. Infkrnkh. u. Hyg. Haust., 14, 
1913, 392); Bacillus cadaver is sporogenes 
{anaerobicus) Klein, Cent. f. Bakt., I 
.\bt., 25, 1899, 279 {Bacillus cadaveris 
Klein, idem-, not Bacillus cadaveris 
Sternberg, Researches relating to the 
etiology and prevention of yellow fever, 
Washington, 1891, 212; not Bacillus 
cadaveris Migula, Syst. d. Bakt., 2, 1900, 
646; Bacillus cadaveris sporogenes Klein, 
loc. cit., 284; Plectridium cadaveris Pri*- 
vot, Ann. Inst. Past., 61, 1938 , 88 ); Art 
XIV, von Hibler, Untersuch. ii. d. Path. 
Anaer., 1908, 3 and 413; Bacillus tetan- 
oides (B) Adamson, Jour. Bact. and 
Path., 22, 1918-19, 388. 

Hartscll and Rettger, loc. cit., conclude 
that their organism differs very ma¬ 
terially either from Clostridium cochlear- 
ium or from Bacillus putrificus, as 
described by Cunningham, Jour. Bact., 
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5^, 1932,61, and, as it cannot be definitely 
related to any other anaerobic species 
(including the Eiweissbacillus, Bien- 
stock, /oc. cit., Bacillus putrificus coli 
Fliiggc, loc. cit., Bacillus putrificus Bien- 
stock, loc. cit., etc.), they propose the 
name of Clostridium lentopulrescens for 
this species. 

Rods: 0.4 to 0.6 by 7.0 to 9.0 microns, 
with rounded ends, occurring singly, in 
pairs and in chains. Motile with peri- 
trichous flagella. Spores spherical, ter¬ 
minal, swelling rods. Weakly Gram- 
positive, becoming Gram-negative. 

Gelatin: Liquefied. 

Agar surface colonics (anaerobic): 
Small, circular, flat, edge crenated 
to filamentous spreading. Develop a 
ground-glass appearance. 

Deep agar colonies: Fluffy spheres with 
fibrils radiating from a central nucleus. 

Blood agar is hemolyzed. 

Litmus milk: Slow, soft coagulation 
or flocculent precipitation. Casein is 
slowly digested. 

Indole is formed (Hall, Jour. Inf. Dis., 
30, 1922,141). Not formed (Hartsell and 
Rettger, loc. cit., 509). 

Nitrites not produced from nitrates. 

Hydrogen sulfide formed in egg-meat 
medium. 

Carbohydrates not fermented. Glu¬ 
cose slightly attacked without distinct 
acid (Hartsell and Rettger, loc. cit., 508). 

Coagulated albumin slowly liquefied 
and blackened. 

Blood serum is liquefied. Gas is 
formed. 

Brain medium slowly blackened and 
digested. 

Egg-meat medium: Slightly turbid 
liquid. Meat reddened in 7 to 10 days, 
then digested with a foul odor. 

Non-pathogenic for white mouse, 
guinea pig and rabbit. Filtrate non-toxic 
on injection or feeding. 

Grows well at 37°C. 

Anaerobic. 

Source: From putrefying meat. 

Habitat: Intestinal canal of human. 
Widely dispersed in soil. 


42. Clostridium filamentosum Bergey 
et al. (Bacillus putrificus filamentosus 
Distaso, Cent. f. Bakt., I Abt., Grig., S9, 
1911, 98; Bergey et al., Manual, 1st ed., 
1923, 333; Palmula filamentosa Pr^vot, 
Ann. Inst. Past., 61, 1938, 88; Acuformis 
filamentosus Pr^vot, Man. d. Class., etc., 
1940, 165.) From Latin, filamentous. 

Rods: Slender, occurring singly, in 
pairs and in chains. Motile. Spores 
spherical, or nearly so, terminal, swelling 
rods. Gram-positive. 

Gelatin: Liquefied. 

Deep glucose agar colonies: Delicate, 
cottony floeculi. Only a trace of gas 
formed. 

Broth: Turbid. 

Litmus milk: May or may not coagulate 
and digest slowly (variable). 

Indole formed in scarcely detectable 
trace. Odorof scatol. 

Glucose is feebly fermented, with little 
gas. Lactose and sucrose not fermented. 

Ck)agulated albumin: Rendered trans¬ 
parent, then slowly liquefied. 

Grows well at 37®C. 

Anaerobic. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 


43. Clostridium tetanomorphum (Bul¬ 
loch et al.) Bergey et al. (Bacillus 
pseudo-tetanus, Type No. IX,—Tetanus¬ 
like Bacillus (Pseudotetanus Bacillus), 
McIntosh and Tildes, Med. Res. Counc., 
Spec. Rept. Ser. No. 12, 1917, 11 and 
32; Bacillus tetanomorphus Bulloch et 
al., Med. Res. Counc., Spec. Rept. Scr. 
No. 39, 1919, 41; Macintoshillus tetano¬ 
morphus Heller, Jour. Bact., 7, 1922, 5, 
Bergey et al., Manual, 1st cd., 1923, 330, 
Pleclridium tetanomorphum Pr^vot, Ann. 
Inst. Past., 6 t, 1938, 87.) From Greek, 


ped like the tetanus organism, 
ynonyms or possibly related species: 
cillus pseudotetani Migula, Syst. d. 
tt., 2, 1900,598 (Tetanusiihnlicher Ba¬ 
ns and Pseudotetanusbacillus, Tavel 
i Lanz, Mitteil. a. klin. Med. Inst. d. 
iweiz, /, 1893, 162; Bacillus taveli 



FAMILY BACILLACEAE 


801 


Chester, Man. Determ. Bact., 1001, 30-1; 
PledrUHuin pscudotctanicum Prdvot, 
Ann. Inst. Past., Gl, 1938, 87; Flee- 
Iridium pseudo-tetanicum Pr6vot, Man. d. 
Class., etc., 1910,158); possibly identical 
with Bacillus fragilis Veillon and Zuber, 
Arch. d. Mdd. E.xpt. ct d’Anat. Path., 
10, 1898, 530 and Bacillus ramosws Veil- 
Ion and Zuber, ibid., 537. 

Rods: Slender, with rounded ends, oc¬ 
curring singly and in pairs, not in chains. 
Motile with peritrichous flagella. Sjwres 
spherical, or nearly so, terminal, swelling 
rods. Gram-positive. 

Gelatin: Not liquefied. Gelatin is 
liquefied (Hall, Jour. Inf. Dis., SO, 1922, 
501). 

Agar surface colonics (anaerobic): 
Small, flat, irregularly circular, translu¬ 
cent, crenated. 

Deep agar colonies: Small, opaque, 
irregular; not woolly or branched. 

Agar slant (anaerobic): Grayish, trans¬ 
lucent growth. 

Broth: Turbid. 

Litmus milk: Unchanged; or occasional 
slight reduction of litmus. 

Acid and gas from glucose and maltose. 
Fructose, galactose, lactose, sucrose, sali- 
cin, inulin, mannitol and glycerol not 
fermented. 

Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Brain medium not blackened or di¬ 
gested. 

Egg-meat medium: Slight gas formation 
in 48 hours. White crystals are depos¬ 
ited. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows at 30®C and 37®C. 

Anaerobic. 

Source: From war wounds and from 
soil. 

Habitat: Not determined other than 
these sources. Probably rather common 
in soil. 

44. Clostridium alcaligenes Bergey et 
al. {Bacillxts ancUrobicus alcaligenes 
Debpno, Cent. f. Bakt., I Abt., Orig., 62, 


1912, 232; Bergey el al., xManual, 1st cd., 
1023, 331; Palmula alcaligenes Pr(ivot, 
.\nn. Inst. Past., 6/, 1038,80; /lc«/ormi 3 
alcaligenes Pr6vot, Man. d. Class., etc., 
1940, 105.) From French alcali, alkali 
and Latin sufli.x, producing. 

Rods: Long, slender, occurring singly, 
in pairs and in short chains. Non-motile. 
Spores spherical, terminal, swelling rods. 
Gram-positive. 

Gelatin: Not liquefied. 

Deep glucose agar colonies : Lenticular 

* 

to irregular, or spherical, white, granular, 
entire. 

Broth: Uniform turbidity. Fecal odor. 

Milk: .Alkaline; casein slowly precipi¬ 
tated, with yellowish supernatant fluid. 

Indole is formed in abundance. 

.Void and gas from glucose and lactose. 
Sucrose and dulcitol not fermented. 
Cultures have odor of valerianic acid. 

Grows at 22°C and at 37'’C. 

Anaerobic. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

45. Clostridium angulosum (Distaso) 
Hauduroy et al. {Bacillus angidosus 
Distaso, Cent. f. Bakt., I Abt., Orig., 62, 
1912,439; not Bacillus angulosus Gamier 
and Simon, Bull, et Mem. Soc. Mdd. Hop. 
Paris, 24, 1907, 1034; Bacteroides angulo¬ 
sus Bergey et al.. Manual, 1st ed., 1923, 
260; Hauduroy et al., Diet, des Bact. 
Path., 1937, 91.) From Latin angulosus, 
having angles, hooked. 

Rods: Short, thick, with rounded ends, 
occurring singly and in pairs. Long rods 
sometimes bent to form an obtuse angle. 
Encapsulated. Non-motile. Spores 
very small, spherical, terminal, slightly 
swelling rods. Gram stain not recorded. 

Plain gelatin : No growth at 20°C or at 
37"C. 

Glucose gelatin: Grows well at 37®C. 
Growth cloudy at first, then clears and 
liquefies, with whitish, pow’dery precipi¬ 
tate. 

Glucose agar deep colonies: Large, 
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angular, opaque, yellowish. Gas bubbles 
are formed. 

Broth: Turbid. 

Litmus milk; Acid and coagulated in 
14 days. 

Indole is formed. 

-Vcid and gas from glucose, lactose and 
sucrose. Butyric acid is formed. 

Coagulated albumin not liquefied. 
Odor of skatol. 

Optimum temperature 37®C. 

.Anaerobic. 

Distinctive character: Resembles the 
Bacille neigeux, Jungano, Compt. rend. 
Soc. Biol., Paris, 62, 1907, 677, in form, 
but not in other respects. 

Source: From human feces. 

Habitat: Not determined, other than 
this source. 

46. Clostridium putrefaclens (Mc- 
Bryde) Sturges and Drake. {Bacillus 
putrejaciens McBryde, U. S. D. A., Bur. 
An. Ind., Bull. 132, 1911, 6; Sturges and 
Drake, Jour. Bact., 14, 1927, 175; Pal- 
muln putrefaciens Prdvot, .Ann. Inst. 
Past., 67,1938, 89; Acuformis putrefaciens 
Prdvot. Man. d. Class., etc., 1940, 165.) 
From Latin, putrefying. 

Description from McBryde {loc. cil.) 
and amplified from Sturges and Drake 
{loc. cU.). 

Rods : 0.5 to 0.7 by 3-0 to 15.0 microns, 
rounded ends, occurring singly, in pairs, 
and in chains and filaments. Non-motile. 
Spores spherical, terminal, swelling rods 
Gram-positive. 

Gelatin: Liquefied. 

Agar surface colonies (anaerobic); 
Small, filamentous. 

Agar slant (anaerobic): Scanty, white, 
beaded, glistening growth. 

Broth; Moderate turbidity. Heavy, 
fiocculent sediment. 

Litmus milk: Rennet coagulation, 
peptonized. Litmus reduced. 

Indole not formed. 

Nitrites not produced from nitrates. 

Slight production of hydrogen sulfide. 

Acid and gas from glucose. Lactose, 


sucrose, maltose and starch not fer¬ 
mented. 

Coagulated albumin liquefied. 

Blood serum liquefied. 

Brain medium blackened and slowly 
digested. 

Minced pork medium: Slight disinte¬ 
gration; sour, putrefactive odor. 

Non-pat hogenic. 

Optimum temperature 20°C to 25®C. 
Slow growth at CC and no visible growth 
at 37°C. 

.Anaerobic. 

Source: From muscle tissue of hogs at 
slaughter. 

Habitat: Not determined, other than 
this source. 

47. Clostridium nlgrlficans Workman 
and Weaver. (Iowa State Coll. Jour. 
Sci., 2, 1927-28,63; Werkman, Iowa State 
Coll. Research Bull. 117, 1929, 165.) 
From Latin niger, bjack and faciens, 
making. 

Rods: 0.3 to 0.5 by 3.0 to 6.0 microns, 
with rounded ends. Motile. Spores 
oval, subterminal, slightly swelling rods. 
Gram-positive. 

Gelatin: Not liquefied. 

Deep agar colonies: Show blackening of 
medium around colonies. Black in¬ 
creased by adding 0.1 per cent ferric 
chloride to medium. 

Milk: Not recorded. 

Indole not formed. 

Nitrites not produced from nitrates. 
Glucose not fermented. 

Carbohydrates not fermented. 
Coagulated albumin not liquefied. 

Blood serum not liquefied. 

Brain medium blackened but not 
digested. 

Hydrogen sulfide produced from 
cystine. 

Non-pathogenic to man, guinea pig, 
mouse, rat and rabbit. 

Optimum temperature 55®C. Ther¬ 
mophilic, growing at 65®C to 70®C. 
Anaerobic. 

Distinctive character: Black colonies 
in agar media. 
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Source: From canned corn showing 
sulfur stinker spoilage; also occasionally 
from soil and manure. 

Habitat: Presumably soil, although de¬ 
tected with great difficulty. 

48. Clostridium belfantli (Carlwneand 
Venturclli) Spray. {Banllus bcifantii 
Carbone and Venturelli, Boll. 1st. Siero- 
ter., Milan, 4. 1025. 59; not Bacillus hcl- 
/an/« Migula,Syst.d. Bakt.,2, 1900,767; 
Spray, in Manual, 5th cd., 1939, 759; 
Endosporus bcifantii Prt$vot, Ann. Inst. 
Past., 61, 1938,75.) Named for Bclfanti, 
an Italian bacteriologist. 

Rods: 0.4 to 0.6 by 1.5 to 7.0 microns, 
thick and straight, occurring singly, in 
pairs and in short chains. Motile. 
Spores large, oval, central to subterminal, 
swelling rods. Usually Grain-negative, 
occasional cells Gram-iwsitive 
Granulose reaction negative 
Gelatin: Not liquefied. 

Plain agar surface colonies (anaerobic): 
Large, round, opaque, with filamentous 
edge. 

Deep agar colonics: .Arborescent along 
the stab. Gas is formed. 

Plain broth: Diffuse turbidity, clearing 
by precipitation. No pigmentation. Gas 
is formed. 

Potato mash: Forms a foam becoming 
violet in 24 to 48 hours, persisting 3 to 6 
days, but disappearing on exposure to air. 

Potato slant: Grayish pellicle, becom¬ 
ing violet in 24 to 48 hours. Gas of alco¬ 
holic odor is produced. No acetone. 

Glycerinated potato: Thin, grayish 
pellicle, not becoming violet. 

Milk: Coagulated in 24 to 48 hours. 
Clot broken by gas. 

Milk agar: Abundant growth. Gas of 
butyric odor is liberated. 

Indole is formed. 

Hydrogen sulfide not formed. 

Acid and gas from glucose, fructose, 
maltose, sucrose, lactose and mannitol. 
Starch and inulin weakly fermented. 
Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Grows well at 37“C. 


.Anaerobic. 

Spccificallyagglutinatcdonly l)y homo) 
ogous antiserum. 

Source: From retting beds and from air. 

Habitat: Not determined, otlier Ilian 
these sources. 

Note ; Six other st rains of similar pig- 
menting, sporulating anaerobes are de¬ 
scribed by the authors. These have the 
general characters of Clash idium bci¬ 
fantii, but differ in certain particulars, 
such as color of pigment, fermenfation 
and specific agglutination. Present in¬ 
formation docs not permit accurate 
systematic different iat ion. 

48a. Clostridium maygiarai (('arhonc 
and Venturclli) Spray. {Bacillus may- 
giorai Carl)onc and Venturclli, loc. cit., 
59; Spray, in Manual, 5th ed.. 1939, 759; 
Endosporus rnaggiorai Prdvot, lac. cit., 
76.) Named for Maggiora, an Italian 
bacteriologist. 

Characters in general those of the 
group, but does not produce indole. 

Violet pigmentation persisting only 24 
hours. 

No alcoholic odor from cultures. 

Spccificallyagglutinatcdonly by homol¬ 
ogous antiserum. 

From mud from bed of stream in Italy. 

48b. Clostridium derossii (Carbone and 
Venturelli) Spray. {Bacillus de rossii 
Carbone and Venturelli, loc. cit., 59; 
Spray, in Manual, 5th ed., 1939, 760; 
Endosporus rossii Prdvot, loc. cit., 76.) 
Named for G. de Rossi, an Italian 
bacteriologist. 

Characters in general those of the 
group. Greenish pigmentation on potato 
slant, changing to violet or orange. 

Indole is formed. 

Spedificallyagglutinatedonly by homol¬ 
ogous antiserum. 

From soil in Italy. 

48c. Clostridium otlolenghii (Carbone 
and Venturclli) Spray. {Bacillus otto- 
lenghii Carbone and Venturelli, loc. cit., 
59; Spray, in Manual, 5th ed., 1039, 760; 
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Endosporus otlolenghii Pr^vot, loc. cii., 
76.) Named for Ottolenghi, an Italian 
bacteriologist. 

Characters in general those of the 
group. Potato slant digested to agrayish- 
brown mash. Greenish pigment changing 
to reddish. Gas of disagreeable odor is 
formed. 

Indole is fornfed. 

Specificallyagglutinatedonly by homol¬ 
ogous antiserum. 

From mud from bed of a stream in Italy. 

48d. Clostridiumpaglia7iii{CcirhoneQ.nd 
Venturelli) Spray. (Bacillus paglianii 
Carbone and Venturelli, loc. cit., 60; not 
Bacillus paglianii Trevisan, I generi e le 
specie delle Batteriacee, 1889, 19; Spray, 
in Manual, 5th ed., 1939,760; Endosporus 
paglianii Pr^vot, loc. cit.y 76.) Named 
for Pagliani, an Italian bacteriologist. 

Characters in general those of the 
group. One or two subterminal spores 
are said to be formed. 

Greenish pigmentation on potato, 
browning with age. 

Indole is formed. 

Specifically agglutinated only by 
homologous antiserum. 

From soil in Italy. 

48e. Clostridium lustigii (Carbone and 
Venturelli) Spray. (Bacillus lustigii 
Carbone and Venturelli, loc. cit.y 59; not 
Bacillus lustigii Trevisan, in litt.y quoted 
from DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8 , 1889, 958; not 
Bacillus lustigi Chester, Man. Determ. 
Bact., 1901, 304; Spray, in Manual, 5th 
ed., 1939,760; Endosporus lustigii Pr4vot, 
loc. cit.y 76.) Named for Lustig, an 
Italian bacteriologist. 

Characters in general those of the 
group. Green pigmentation on potato 
slant. 

Indole is not formed. 

Specifically agglutinated only by homol¬ 
ogous antiserum. 

From mud and soil in Italy. 

48f. Clostridium sclavoi (Carbone and 
Venturelli) comb. nov. (Bacillus sclavoi 


Carbone and Venturelli, loc. cit., 60; 
Endosporus sclavoei Pr^vot, loc. cit., 76.) 
Named for Sclavo, an Italian bac¬ 
teriologist. 

Characters in general those of the 
group. Greenish to brown pigmentation 
on potato slant. 

Indole is not formed. 
Specificallyagglutinatedonly by homol¬ 
ogous antiserum. 

From retting flax in Italy. 

49. Clostridium venturelli (deTomasi) 
Spray. (Bacillus venturelli de Tomasi, 
Boll. 1st. Sieroter. Milanese, 4, 1925, 
203; Endosporus venturelli Pr4vot,' Ann. 
Inst. Past., 61, 1938, 76; Spray, in 
Manual, 5th ed., 1939, 769.) Named for 
Venturelli, an Italian bacteriologist. 

Rods: Pleomorphic, fusiform to 
straight or slightly curved, with rounded 
ends. Size variable with medium, 0.5 
to 0.8 by 2.5 to 8.0, and up to 20.0 microns. 
Occurring singly, in pairs, in chains, or 
frequently in parallel groupings. Motile. 
Capsulated. Spores oval, central to ex- 
centric, swelling rods. Gram-negative. 

Granulose reaction positive; showing 
violet granules with iodine. 

Gelatin: No growth; no liquefaction. 
Glucose agar surface colonies (an¬ 
aerobic); Round, becoming rose-colored. 

Plain agar slant (anaerobic): No 
growth. 

Maltose agar stab; Colonies lenticular, 
yellowish, turning to rose. Odor of 
acetone. 

Plain broth: No growth. 

Potato slant (anaerobic): Becomes 
mucilaginous. Bubbles of gas of amylic 
odor. 

Potato mash; Very abundant growth; 
rose color, with red spots. 

Milk with CaCOi; Coagulated; becom¬ 
ing yellow, then pale rose. Amylic odor. 

Acid and gas from glucose, maltose, 
sucrose, fructose, lactose, inositol, dex¬ 
trin and starch. Arabinose, glycerol, 
mannitol and inulin not fermented (cited 
from Weinberg et al., Les Mic. Ana4r., 
1937,800). 
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Fermentation products include espe¬ 
cially acetone and amyl alcohol, and 
smaller amounts of propyl, butyl and iso¬ 
butyl alcohols, and acetic acid. 
Coagulated albumin not digested. 

Blood serum not liquefied; forms a 
small amount of yellowish liquid. 

Optimum temperature 18°C to 20°C. 
Inhibition of growth and pigmentation 
above 25®C. 

Anaerobic. 

Distinctive character: Forms a rosc- 
colored pigment which is soluble in alco¬ 
hol, but not in water, ether or chloroform. 
Source: From potato. 

Habitat: Not determined, other than 
this source. 

50. Clostridium roseum McCoy and 
McClung. (Arch. f. Mikrobiol., 6 , 1935, 
237.) From Latin roseum, pink. 

Rods; 0.7 to 0.9 by 3.2 to 4.3 microns, 
occurring singly, in pairs and in short 
chains. Motile with peritrichous flagella. 
Spores oval, subterminal, swelling rods 
to Clostridia. Gram-positive, becoming 
Gram-negative. 

Granulose reaction positive in clostri¬ 
dial stage. 

Glucose gelatin: Liquefied. 

Plain agar slant (anaerobic): Surface 
growth scant, scarcely perceptible. 

Glucose agar surface colonies (anaero¬ 
bic): Raised, smooth, edges slightly 
irregular. Pink to orange pigment. 

Deep glucose agar colonies: Compact, 
lenticular, pink to red-orange. 

Blood agar not hemolyzed. 
Pigmentation (anaerobic): Colonies 
red-orange, becoming purplish-black on 
aeration. 

Plain broth: No growth. 

Glucose broth: Abundant, uniform 
turbidity, with much gas. 

Litmus milk; Stormy coagulation. 
Litmus reduced, but obscured by pink 
pigment. Clot slowly softened. Pro¬ 
teolysis demonstrable on milk agar. 

Potato: Rapid digestion to a clear 
yellow fluid and bluish sediment. Much 
gas with butylic odor. 


Corn mash: Resembling reaction of 
Closlridium acetobutylicum, but with 
flesh-orange pigment, becoming slowly 
purple at surface on ageing. 

Hydrogen sulfide formed from thiosul¬ 
fate and sulfite. 

Nitrates reduced to ammonia. 

Nitrites reduced to ammonia. 

Indole not formed. * 

Acid and gas from .xylose, arabinose, 
glucose, mannose, fructose,-galactose, 
lactose, maltose, sucrose, raflinose, starch, 
dextrin, glycogen, inulin, pectin and 
salicin. Esculin and amygdalin weakly 
fermented. Mannitol, erythritol, glycer¬ 
ol, ft-mcthyl glucoside, Ca-lactate and 
cellulose not fermented. 

Coagulated albumin cubes: Softened 
and yellowed by slow digestion. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature about 37®C. 
Growth occurs from 8®C to 62“C. 

Anaerobic. 

Source: From German maize. 

Habitat: Probably occurs in soil. 

51. Clostridium chromogenes Prdvot. 
(Chromogenic anaerobe, Ghon and 
Mucha, Cent. f. Bakt., I Abt., Orig., 4^, 
1906, 406; Bacillus anaerobius chromo¬ 
genes LeBlaye and Guggenheim, Man. 
Prat. d. Diag. Bact., 1914, 321; Prdvot, 
Ann. Inst. Past., 61, 1938, 85.) From 
Latin, color-producing. 

Rods: Moderate size, coccoid to elon¬ 
gate, ends rounded to slightly pointed; 
straight to slightly curved. Occurring 
singly, paired, in short chains and in 
long, curved to coiled filaments. Capsu- 
late, especially in serum media. Motile, 
with many peritrichous flagella. Spores 
abundant, oval, central, subterminal, to 
apparently terminal at maturation, swell¬ 
ing rods to clubs ami clostridia. Gram- 
])ositive. 

Granulose negative with iodine 
solution. 
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Gelatin : Liquefied in 48 liours. Diffuse 
turbidity, clearing with abundant, whit¬ 
ish-gray sediment, which later becomes 
red to violet-red. Upper (1 cm) layer 
shows diffuse, red pigment. 

Deep plain agar (without peptone): 
Growth sparse. Pigment not formed in 
absence of peptone. 

Blood agar surfac^ colonies (anaerobic): 
Grayish, moist, shining, flat; edges lobate 
with finely dendritic-tufted edges. Blood 
agar is hemolyzed. 

Glucose agar surface colonies (ana¬ 
erobic): As on blood agar. Growth 
slightly less profuse. 

Glucose agar deep colonies: Grayish- 
white, niulti-lobate, with dense center 
and dendritic, tufted edges. Growth 
begins about 1 cm below surface. Gas 
abundantly formed. Diffuse, red pig¬ 
ment appears in superficial layers after 
4 to 5 days. 

Glucose meat-infusion broth: Abun¬ 
dant, diffuse turbidity with much gas. 
Gradual, profuse sedimentation, but with 
prolonged turbidity. 

Peptone water: Growth variable; some¬ 
times fails. At best, moderate turbidity 
and sediment. No gas. 

Synthetic fluid media (Uschinsky, 
etc.): No growth (unless peptone is 
added). Growth is proportionate to 
added peptone. 

Potato slant (anaerobic): Growth deli • 
cate, shining, grayish-yellow. Fecal 
odor. 

Milk: Spongy coagulation after 3 to4 
days. Abundant gas. Turbid, yellow¬ 
ish whey is expressed. Casein clot 
gradually digested in 4 to 5 weeks. Fecal 
odor. 

Indole is not formed. 

Hydrogen sul fide is abundantly formed. 

Coagulated albumin (hydrocoel- and 
ascitic-fluid): Digested and blackened, 
with moderate gas of fecal odor. When 
covered with ^ar, the agar plug shows 
diffuse, red pigmentation. 

Pathogenicity: Weakly pathogenic for 
w'hite mice and guinea pigs. Produces 
hemorrhagic, serous peritonitis after in- 


traperitoneal inoculation. Death due 
apparently to a weak toxin. Virulence 
increased by animal passage. 

Grows well at 21®C and at 37®C. 

Anaerobic. 

Distinctive character: Red pigmenta¬ 
tion which is increased on addition of 
chlorine-,orof bromine-water. Although 
produced by an anaerobe, pigment ap¬ 
pears only in aerated zone and depends 
on peptone content of medium. 

Source: From pus of a human peri- 
nephritic abscess. 

Habitat: Not determined, other than 
this single source. 

52. Clostridium felsineum (Carbone 
and Tombolato) Bergey et al. {Bacillus 
felsineus Carbone and Tombolato, Le 
Staz. Sper. Agrar., Ital., 50, 1917, 563; 
Ruschmann and Bavendamm, Cent. f. 
Bakt., II Abt.,ff4,1925,340; VanderLek, 
Thesis, Delft, 1930, (143?); Clostridium 
felsinus Bergey et al., Manual, 3rd ed., 
1930, 453.) Named for 'Felsinea, the 
ancient name of Bologna, Italy. 

Described from Ruschmann and Baven- 
damm {loc. cit.), from the Kluyver strain 
used by Van der Lek {loc. cit.), and from 
McCoy and McClung, Arch. f. Mikro- 
biol.,6,1935,230. 

Rods: 0.3 to 0.4 by 3.0 to 5.0 microns, 
occurring singly, in pairs and in short 
chains. Motile with peritrichous flagella. 
Spores oval, subterminal, swelling rods 
to Clostridia. Gram-positive, becoming 
Gram-negative. 

Granulose positive in the clostridial 
stage. 

Glucose gelatin: Liquefied. 

Plain agar slant (anaerobic): Surface 
growth scant, scarcely perceptible. 

Glucose agar surface colonies (anaer¬ 
obic) : Raised, smooth, slightly irregular, 
yellow'-orange. 

Deep glucose agar colonies: Compact, 
lenticular, opaque, yellow. 

Blood agar not hemolyzed. 

Pigmentation (anaerobic): Yellow- 
orange, ageing to brownish. Not chang¬ 
ing on aeration. 
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Plain broth: No growth. 

Glucose broth: Abundant, uniform 
turbidity, with much gas. Yellow slimy 
sediment. 

Litmus milk: Acid and coagulation. 
Litmus reduced. Clot torn and yellowed. 
No visible digestion. 

Potato: Digested to a yellow slime. 
Much gas with butylic odor. 

Corn mash: Resembling reaction of 
Clostridium acetobutylicum, but with 
flesh to orange pigment. 

Indole not formed. 

Nitrates reduced to ammonia. 

Nitrites reduced to ammonia. 

Acid and gas from arabinose, xylose, 
glucose, mannose, fructose, galactose, 
lactose, maltose, sucrose, raffinose, starch, 
dextrin, inulin, glycogen, pectin and 
salicin. Mannitol, erythritol, glycerol, 
Ca-lactate and cellulose not fermented. 

Fermentation products include butyl 
and ethyl alcohol, acetone, organic acids 
(probably butyric an<l acetic), II 2 and 

CO 2 . 

Coagulated albumin cubes: Softened 
and yellowed by slow digestion. 

Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Non-pathogenic for guinea pig and 
rabbit. 

Grows at 37®C. 

Anaerobic. 

Source: From retting flax. 

Habitat: Not determined. Found in 
soil in Italy, Argentina and in the United 
States. 

53 . Clostridium carbonei Arnaudi. 
(Soc. Intern. Microbiol., Boll. Sez. Ital., 
3, 1936, 251, and Boll. 1st. Sieroter, 
Milano, 16, 1937, 650; Injlabilis car6onci 
Prdvot, Man. d. Class., etc., 1940 , 96.) 
Named for Carbone, an Italian bac¬ 
teriologist. 

Rods: 0.8 to 1.0 by 3.5 to 4.5 microns, 
with ends slightly tapered. Non-motile. 
Spores oval, terminal, 0.8 to 1.0 by 1.0 to 
1.75 microns, swelling rods. Gram- 
positive. 


Gramilose reaction strongly positive 
with iodine solution. 

Gelatin: No growth. 

Glucose and lactose gelatin ; No growtli. 

Plain agar surface colonies (anaerobic): 
Flat, shining, colorless, with irregular 
edges. 

Malt agar surface colonies (anaerobic): 
Creamy to slightly rod||isli coionie.s witli 
irregular edges. 

Uoux-potatoslant (anaerobic): Puncti- 
form, raised, opaejuc, deep red colonies, 
becoming almost violet. 

Plain agar stab: Only trace.s of growth 
along stab. 

Glucose and maltose agar stab; No 
growth. 

Plain broth; Very slight, colorless, 

difTuse turbiditv. 

\ 

Glucose broth; Very slight turbidity. 

Maltose broth : Intense turbiditv, wit h 
profuse, reddish-yellow sediment. 

Tarozzi broth ; Slight, diffuse turbidity. 

Indole not formed. 

Hydrogen sulfide not formed. 

Milk: Soft coagulation, with slight, 
fine reddish flocculence. Whev turbid 
and colorless. Reaction acid. Clot not 
digested. 

Digest-milk (optimum medium): Very 
abundant turbidity, with bright red 
flocculent sediment, dilTu.sing uniformly 
on shaking. 

Coagulated egg-yolk l)roth; Slight tur¬ 
bidity; no digestion. 

Coagulated egg-albumin broth: Slight 
turbidity; no digestion. 

Coagulated serum (Loeffier, anaerobic): 
Poor growth; flat, red surface colonies. 
No digestion. 

Brain medium: Not recorded. 

Cellulose not attacked. Hemp is not 
retted. 

Ferments weakly: Glucose, maltose, 
sucrose, galactose, fructose and rafhnose. 
Slow and partial fermentation of lactose 
(only in acidified medium). Starch 
.slightly fermented. Fermentation pro¬ 
ducts include IL, COj, CIL, butyric acid 
and traces of ethyl alcohol. 
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Non-pathogenic for sheep, rabbit, 
guinea pig or white mouse. 

Optimum reaction pH 7.0 to 7.2; 
minimum pH 6.0; maximum pH 8.0. 

Optimum temperature 37®C. Grows 
slowly at 25®C to 30'’C; growth ceases at 
40"C. 

Anaerobic. 

Distinctive ch^aoter: Production of a 
brilliant red pigment, soluble in amyl 
alcohol, petrol-ether, xylol and aniline 
oil. Partly soluble in ether, chloroform 
and acetone. Pigment very stable in 
light. 

Source: From macerated raw iX)tato 
infusion. 

Habitat: Not recorded, other than from 
this single source. 

54. Clostrl41uin spumarum (Pr^vot 
and Pochon/com 6 . nov. {Plectridium 
spumarum Prdvot and Pochon, Compt. 
rend. Soo. Biol., Paris, 130, 1939 , 966.) 
From Latin, foam or froth. 

Rods: 0.5 by 4.0 microns, motile. 
Spores are oval and terminal, swelling 
rods. Gram-positive. 

Gelatin; Liquefied in 15 days. 

Deep agar: Forms small cottony 
colonies and a few gas bubbles. 

Peptone water: Turbidity and slight 
sediment. 

Milk: Coagulated in 5 days, but clot is 
not digested. 

Indole is produced. 

Hydrogen sulfide is formed (medium 
not stated). 

Sugars not attacked immediately after 
isolation. 

After 1 month cultivation, ferments 
slowly glucose, fructose, galactose, mal¬ 
tose, arabinose, xylose, sucrose, mannitol 
and starch. Inulin is not fermented. 

Cellulose (in synthetic medium) is 
fermented chiefly to acetic and butyric 
acids, together with inflammable gas and 
traces of ethyl alcohol. 

0 )agulated albumin not attacked. 

Brain medium not blackened. 

Optimum temperature around 37®C. 
Not thermophilic. 


Anaerobic. 

Distinctive characters: Does not pro¬ 
duce pigment, and ferments a variety of 
carbohydrates. 

Source: From the scum of sugar refining 
vats. 

Habitat: Not determined, other than 
from this source. 

55. Clostridium werneri Bergey et al. 
{Bacillus cellulosam fermentans Werner, 
Cent. f. Bakt., II Abt,, 67, 1926, 297; 
Bergey et al., Manual, 3rd ed., 1930,452; 
Bacterium cellulosam iapsoix, Bull. Ento- 
mol. Res., 26, 1937, 163; Terminosporus 
cellulosam fermentans Pr^vot, Ann. Inst. 
Past., 61, 1938, 86 ; Terminosporus cellu- 
losam-fermentans Pr4vot, Man. d. Class., 
etc., 1940, 148.) Named for Erich Wer¬ 
ner, the German bacteriologist who first 
isolated this organism. 

Related species: Probably closely re¬ 
lated to Clostridium omelianskii. 

Rods: 0.5 to 0.7 by 1.5 to 7.0 microns, 
occurring singly and in pairs, but not in 
chains. Motile with peritrichous flagella. 
Spores oval, terminal, swelling rods. 
Gram-negative. 

Cellulose agar slant (anaerobic): 
Growth only in contact with cellulose. 
Growth grayish black; agar is darkened. 
Gas is formed. 

Agar slant (anaerobic): No growth. 
Broth: No growth. 

Broth with filter paper: Poor growth; 
cellulose weakly attacked. 

Omelianski solution with filter paper: 
Abundant growth; cellulose digested with 
formation of II 2 and CO*. 

Hydrogen sulfide is formed in the 
Omelianski medium, presumably from 
the (NHO 1 SO 4 and MgSO^. 

Glucose not fermented. 

Carbohydrates, other than cellulose, 

not fermented. 

Non-pathogenic for mice. 

Optimum temperature 33*C to 37 C. 

.Anaerobic. 

Source: From larvae of rose leaf beetle 
{Potosia cuprea). 
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Habitat: Occurs in soil aiul in feces of 
horbivorus animals. 

56. Clostridium cellulosolvens ( owlcs 
ami Rcttgcr. (Jour. Hact., 21, 1931,167; 
Caduceus cellulosolvens Pre^vot, Ann, 
Inst. Past., 5/, 1938,86.) From cliemical 
term, cellulose, and Latin, dissolving. 

Rods: 0.5 by 2.0 to 6.0 microns, com- 
monly curving, occurring singly and in 
pairs, not in chains. Non*motilc. Spores 
spherical, terminal, swelling rods. Gram 
stain uncertain; usually Gram-negative. 

Does not grow in routine media, except 
where cellulose or certain few carbohy¬ 
drates are added. 

Surface colonies on dcxtrin-cystcinc 
meat infusion agar (anaerobic); Tiny, 
round, transparent dew-drops; finely 
granular, with smooth edge. 

Acid and gas from cellulose, dextrin, 
arabinose, xylose and soluble starcli. 
Glucose, fructose, mannose, lactose, mal¬ 
tose, sucrose, melezitose, raffinosc, inulin, 
salicin, amygdalin, adonitol, dulcitol, 
erythritol, glycerol, inositol, mannitol, 
sorbitol and gum arabic not fermented. 

Cellulose decomposed to llj, CO 2 and 
organic acids. 

Grows at 37°C. 

Anaerobic. 

Source: From horse feces. 

Habitat: Not determined, other than 
this source. Probably widely dispersed 
in manured soil. 

57. Clostridium dissolvens Bergcy et 
al. {Bacillus cellulosae dissolvens Khou- 
vine, Ann. Inst. Past., 37, 1923, 711; 
Bergey et al., Manual, 2nd ed., 1925,344; 
Caduceus cellulosae dissolvens Prdvot, 
Ann. Inst. Past., 61, 1938, 86.) From 
Latin, dissolving. 

Rods: Slender, ranging from 2.5 to 12.5 
microns in length, occurring singly, 
occasionally in pairs, but not in chains. 
Non-motile. Spores oval, terminal, 
swelling rods. Gram-negative. 

Cellulose is digested by the formation 
of an endocellulase which acts only when 
the bacteria are attached to the cellulose. 


Saccharides are formed from cclluiosc, 
also CO;, II 2 , ethyl alcoliol, acetic, lactic 
and butyric acids. 

-V yellow pigment i.s formed iti j)reserico 
of cellulose. 

Glucose not fermented. 

Carbohydrates, otlicr than cellulose, 
not fermented. 

Non-pathogcnic for guinea pig. 

Optimum temperature : Grows l)(;lwccn 
35“C and ol°C, witliout a definite 
optimum. 

.Vnacrobic. 

Distinctive cliaracter: Grows only in 
media containing cellulose, in the pres¬ 
ence of which it produces a yellow 
pigment. 

Source: From human feces. 

Habitat: Intestinal canal of man. 

* 

58. Clostridium omelianskii (Hcnnc- 
berg etnend. Clausen) comb. nov. (Cel¬ 
lulose fermenting microbe, Omclianski. 
Compt. rend. .Vead. Sci., Paris, 121, 1895, 
653 {Bacillus fermcnlationis cellulosae 
Omclianski, .\rch. Sci. Biol. (Russ.), 7, 
1899, 419; Baclerium cellulosis Migula, 
Syst. d. Bakt., 3, 1900, 513); Bacille hy- 
drogenique, Omclianski, Arch. Sci. Biol. 
(Russ.), 9,1902-03,263 (WasserstolTbacil- 
lus, Omclianski, Cent. f. Bakt., II Abt., 
8, 1902, 262; Bacillus fossicularum Leh¬ 
mann and Neumann, Bakt. Diag., 4 
Aufl., 2, 1907, -166; Bacillus hydrogenii 
Jungano and Distaso, Les Anaerobies, 
1910, 147; Bacillus omelianskii Ilennc- 
berg, Cent. f. Bakt., II Abt., 55, 1922, 
276, emend. Clausen, Cent. f. Bakt., II 
Abt., 84, 1931, 40 and 54; Omelianskillus 
htjdrogenicus Heller, Jour. Bact., 7, 1922, 
5; Caduceus cellulosae hydrogenicus Prd- 
vot, Ann. Inst. Past., 61, 1938, 86); 
Bacille formenique, Omclianski, Arch. 
Sci. Biol. (Russ.), 9, 1902-03, 263 
(Methanbacillus, Omclianski, Cent. f. 
Bakt., II Abt., 11, 1903-04, 370; Bacillus 
melhanigenes Lehmann and Neumann, 
Bakt. Diag., 4 Aufl., 2, 1907, 466; Ce/fo- 
bacillus melhanigenes Orla-Jensen, Cent, 
f. Bakt., II Abt., 22, 1909, 343; Bacillus 
meihanii Jungano and Distaso, Les 
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Anaorobies, 1‘JIU, 140; Cuduceus alUdosae 
hydrofU’nicuH var. celluhsac melhanicus 
Pr^vot. Ann. Inst. Past., 61, 1938, SO; 
('aductus cellulosae methanicus Pr^vol. 
Man. (-1. Class., ('le., 1940, 150).) Xametl 
for Onu4iiinski. tlio Russian bacteriolo- 
}list who first described this type. 

This species was apparently first iso¬ 
lated and studied in [)ure culture by 
Clausen (/oc. cH.). From his studies he 
concludes that Omelianski’s Wasserstoff- 
and Methanbacillus are but a single 
species, and that the gaseous fermenta¬ 
tion products {Ho, CO 2 and CIC) were 
affected by the symbiotic forms always 
present in Omelianski’s cultures. 

His evidence is quite convincing, and 
the organism is presented here from his 
description. 

Rods: Length varying with the 
medium, 0.5 to 0.7 by 5.0 to 15.0 microns, 
straight to slightly curved. Occurring 
chiefly singly, occasionally in pairs, fre¬ 
quently parallel in groups, never in chains 
or filaments. Young cells motile, but 
motility disappearing with sporulation. 
Flagella not demonstrable. Spores 
spherical, terminal, swelling rods. 
Spores 1.0 to 1.5 microns in diameter, 
varying with medium. Gram-positive, 
becoming Gram-labile on sporulation. 

Young vegetative cells colored wine-red 

with iodine solution. 

Gelatin (plus asparagine): Liquefied in 
6 to 10 days. Medium remains perfectly 

clear. 

Asparagine agar deep colonies: Grayish- 
white, delicate, cottony, with fine radial 
outgrowths. 

Asparagine agar surface colonies (anaer¬ 
obic) : Poor growth, delicate, translucent, 
filmy, scarcely discernible. 

Cellulose-liver broth: Solution remains 
visibly clear and does not darken with 
age. Occasional large gas bubbles arise. 

Indole not formed. 

Ammonia not formed. 

Nitrates not reduced to nitrites. 

Traces of HaS produced in inorganic 

solutions. 

Milk: Soft coagulation in 24 hours. 


.Amorphous clot shrinks and settles, form¬ 
ing a yellowish-red to orange sediment, 
with turbid supernatant whey. 

Brain medium : Not digested or black¬ 
ened; no visible evidence of growth. 

None of the following carbohydrates 
attacked: Maltose, mannitol, lactose, 
glucose, sucrose, galactose, fructose, 
starch, salicin, glycerol and inulin. 

Cellulose apparently the primary C- 
sourcc, but is only weakly attacked by 
pure cultures. 

Yellow pigment not recorded in pres¬ 
ence of cellulose (see Clostridium 
dissolvens). 

Non-pat hogenic for mice; other animals 
not recorded. 

Optimum reaction pH 7.0 to 7.4; 
grows between pH 6.0 and 8.4. 

Optimum temperature 37°C to 42‘’C. 

•Anaerobic: Growing at 25 to 30 mm 
mercury pressure. 

Distinctive characters: Ability to 
liquefy gelatin (plus asparagine); to co¬ 
agulate milk with orange sediment, and 
to grow in media containing asparagine 
without requiring presence of cellulose. 
Spores resist heating at lOO^C for 90 
minutes. 

Source: From human, cow and horse 
excreta, from cow’s stomach contents, 
from cheese and from soil. 

Habitat; Intestinal canal of animals, 
and presumably thence widely dissemi¬ 
nated in soil. 

59 . Clostridium carnis (Klein) Spray. 
(Art V, von Hibler, Cent. f. Bakt., I Abt., 
25, 1899,515; Bacillus carnis Klein, Cent, 
f. Bakt., I Abt., Orig., 36, 1904, 459. also 
Trans. Path. Soc., London, 55, 1904 , 74; 
Art. VI, von Hibler, Untersuch. ti. d. 
Path. Anaer., 1908, 3 and 406; Hiblerillus 
sextus Heller, Jour. Bact., 7, 1922, 6; 
Bacillus lactiparcus Lehmann and Sttss- 
mann, in Lehmann and Neumann, Bakt, 
Diag., 7 Aufl., B, 1927, 647; Plectridium 
carnis PrtJvot, Ann. Inst. Past., 61, 
1938. 87; Spray, in Bergey et ah, 
Manual, 5th ed., 1939, 750; Clostndium 
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scxfum Prdvot, Man. d. Class., etc., 
1940, 136.) From Latin, of flesh. 

Description from Hall ami Duffel I, 
Jour. Bact., 29, 1935, 269. 

Rods: 0.5 to 0.7 by 1.5 to 4.5 microns, 
occurring singly, in pairs, rarely in 
chains of 3 to 4 cells. Motile with peri- 
trichous flagella. Spores oval to elongate, 
subterminal, slightly swelling rods. 
Gram-positive. 

Gelatin; Not liquefied or blackened. 
-\gar surface colonies (aerobic): 
Minute, transparent dew-drops, becom¬ 
ing flat and lobate. 

Blood agar surface colonies (aerobic): 
Similar to plain agar. Slight hemolysis. 

Deep agar colonies: Lenticular, becom¬ 
ing nodular to arborescent. 

Milk: Abundant gas, but no coagulation 
or other change. 

Indole not formed. 

Acid and gas from glucose, galactose, 
fructose, maltose, lactose, sucrose, amyg- 
dalin, salicin and dextrin. Trehalose, 
raffinose, xylose, arabinose, starch, inulin, 
mannitol, dulcitol, sorbitol, glycerol and 
inositol not fermented. 

Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Pathogenic forguinea pig, white rat and 
rabbit. Forms an e.xotoxin of moderate 
intensity, producing edema, necrosis and 
death on sufficient dosage. 

Grows well at both 37®C and at room 
temperature. 

Anaerobic and microaerophilic; grow¬ 
ing delicately on aerobic agar slants. 

Source: Originally isolated from a 
rabbit inoculated with garden soil (von 
Hibler); from contaminated beef infu¬ 
sion (Klein). 

Habitat: Probably occurs in soil. 

60. Clostridium hlstolytlcum (Wein¬ 
berg and Seguin) Bergey et al. {Bacillus 
histolyticus Weinberg and Seguin, Compt. 
rend. Acad. Sci., Paris, 163, 1916, 449; 
Weinbergillus histolyticus Heller, Jour. 
Bact., 7, 1922, 9; Bergey et al., Manual, 


Isl ed., 1923, 32K.) From Greek, tissue- 
dissolving. 

Rods: 0.5 to 0.7 by 3.0 to 5.0 microns, 
occurring singly and in pairs. Motile 
with pcritrichoiis flagella. Spores oval, 
sul)terminal, swelling rods. Gram¬ 
positive. 

Gelatin: (’omidctc li(piefaction in 24 
hours. 

Blood agar surface colonie.s (aerobic): 
Minute, round dew-drops. Blood is 
hemolyzed. 

Deep agar colonies: \'ariablo; from len¬ 
ticular, lobate, to flulTy, according to the 
agar concentration. 

Agar slant (aerobic): Grows aerobically 
in barely perceptible film, or in tiny, 
smooth, discrete colonies. 

Broth ; Turbid, with slight precipitate. 

Indole not formed. 

Nitrites not produced from nitrates. 

Litmus milk: Softly coagulated, then 
slowly digested. Little gas is formed. 

Carbohydrates are not fermented. 

Coagulated albumin slowly liquefied. 

Blood scrum slowly liciuefied with 
darkened, putrid fluid. 

Brain medium blackened and digested 
with putrefactive odor. 

Egg-meat medium: Little gas is formed. 
Meat first reddened, then darkened in 3 
days. Digestion apparent in alwut 24 
hours. Nauseous odor. Tyrosin crystals 
are abundant after about a week. 

Pathogenic for small laboratory 
animals. Produces a cytolytic exotoxin 
which causes extensive local necrosis and 
sloughing on injection. Not toxic on 
feeding. 

Grows well at 37°C. 

.4naerobic and microaerophilic. Grows 
feebly on aerobic agar slant. 

Source: Originally isolated from war 
wounds, where it induces active necrosis 
of tissue. 

Habitat: Not determined, other than 
source stated. Found occasionally in 
feces and soil. Apparently widely, hut 
sparsely, dispersed insoil. 
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01. Clostridium tertium (Henry) Her- 
(ley et al. {BnciJluf! (erlius Henry, Jour. 
Path, and Bact.,^/, 1016,347; Ifenrilbfs 
tertius Heller, Jour. Bart., 7, 1022, 5; 
Bergcy et al., Manual, 1st ed., 1923, 332; 
Plectridium tertium Prdvot, Ann. Inst. 
Past., 61, 1938, 87.) From Latin tertius^ 
third. 

Probable synonyms: Bacillus gazogenes 
parvus Choukdvitch, .Ann. Inst. Past.,.?5, 
1911, 211 (Bacillus gazogenes Choukd- 
vitch, ibid.y 268; Plectridium gazogenes 
Prdvot, Ann. Inst. Past., 61, 1938, 87); 
Bacillus Y, Fleming, Lancet, 2, 1915, 
370; Bacillus aero-teriius Bulloch ct al., 
Med. Res. Counc., Spec. Kept. Ser. 39, 
1019,4; Bacillus spermoide Ninni, Patho- 
logica, 21, 1920, 385 (Clostridium 

spermoides Bergey etal.. Manual, 1st ed., 
1023, 336; Palmula spermoides Prdvot, 
.\.nn. Inst. Past., 61, 1938, 88; Acuformis 
spermoides Prdvot, Man. d. Class., etc., 
1040, 164). 

Rods: 0.4 to 0.6 by 3.0 to 6.0 microns, 
occurring singly and in pairs, not in 
chains. Motile. Spores oval, terminal, 
swelling rods. Gram-positive. 

Gelatin: Not liqueOed. 

Agar surface colonics (aerobic): Circu¬ 
lar with opalescent, crenated margin. 

Deep agar colonies: Small, lenticular, 
regular, smooth. 

Agar slant (aerobic): Grayish, filmy, 
opalescent growth. 

Blood agar is hemolyzed. 

Broth: Turbid, with sediment. 

Litmus milk; Acid, coagulated, with 
some gas formation. Clot is not digested. 
Indole not formed. 

Nitrites produced from nitrates. 

Acid and gas from glucose, fructose, 
galactose, mannose, lactose, maltose, 
sucrose, arabinose, xylose, trehalose, 
melezitose, soluble starch, esculin, man¬ 
nitol, inositol and salicin. Inulin and 
glycerol not fermented. 

Coagulated albumin not liquefied. 
Blood serum not liquefied. 

Brain medium not blackened or 
digested. 

Meat medium reddened; acid and gas 


formed. Meat not blackened or digested. 
Non-putrefactive. 

Non-pathogenic for guinea pig and 
rabbit. 

Optimum temperature 30“C to 35®C. 
Can grow at 50®C. 

Anaerobic and microaerophilic. Grows 
feebly on aerobic agar slant. 

Source: From gangrenous wounds and 
from feces. 

Habitat: Widely distributed in soil, 
feces and sewage. 

Appendix I: The following species of 
anaerobes are listed, chiefly for their 
historic interest, from descriptions too 
incomplete to permit present definite 
classification. Many of these original 
cultures are now lost, and the descriptions 
are often too brief even to permit com¬ 
parison with recognized species. ■ Several 
were described from cultures of doubtful 
purity, and even the anaerobic status of 
some is open to question. The syn¬ 
onymy cited is not to be regarded as 
definitely established in all instances. 

Many strains have been described by 
number or by common names only. 
These are not included here, but many 
may be found listed in Les Microbes 
.Anadrobies, Weinberg, Nativelle and 
Pr6vot, Paris, 1937, and in The Anaerobic 
Bacteria and their Activities in Nature 
and Disease, McCoy and McClung, Univ. 
Calif. Press, 1939. 

Species are listed alphabetically under 
the first valid binomial, regardless of 
their original designation. 

Acuformis caninus Prdvot. (Unnamed 
species of Wolbach and Saiki, Jour. Med. 
Res., 21, 1909, 267; Palmula canina 
Prdvot, Ann. Inst. Past., 61, 1938, 88; 
Prdvot, Man. d. Class., etc., 1940, 164.) 

From liver of healthy dog. 

Acuformis dubitalus Prdvot. (Species 
No. 1 of Rodella, Cent. f. Bakt., 11 Abt., 
17, 1907, 374; Palmrtla dubitata Prdvot, 
Ann. Inst. Past., 61, 1938, 89; Prdvot, 
Man. d. Class., etc., 1940, 165.) From 
normal and from spoiled milk. 
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Acuformis {mmobilis Prdvot. {Bacil¬ 
lus putrificus iimuohilis Distaso, Ann. 
Inst. Past., S3, 1000, 955; ralmuhi im- 
mobilis Vr^vot, Ann. Inst. Past., 61, 1938, 
89; Pr5vot, Man. d. Class,, etc., 194oi 
165.) From intestine of the flying fox 
(Pferopws). 

Amylobacter butylicus Duclaux. {Ann. 
Inst. Past., 9, 1895,813.) From ferment¬ 
ing macerated potato inoculated with soil. 

Amylobacter clhylicus Duclaux. (Ann. 
Inst. Past., 9, 1895,814.) Probably only 
a facultative anaerobe. From ferment¬ 
ing macerated potato inoculated with 
soil. 

Bacillus acidi acetici Thoni. {Thesis, 
Bern, 1906, (?); quoted from McCoy and 
McClung, The Anaer. Bact. etc., 2, 1939, 
413.) Source not known. 

Bacillus aerogenes gangrenosac Wein¬ 
berg and Ginsbourg. {Bacillo aerogene 
gangrenosa, Nacciarone, Kiforma Med., 
35, 1917, 778; Weinberg and Ginsbourg, 
Bull. Inst. Past., 23, 1925, 825.) From 
human gaseous gangrene. 

Bacillus amyloclasticus Renshaw and 
Fairbrother. {Bacillus amyloclasticus 
inlestinalis Renshaw and Fairbrother, 
Brit.Med. Jour., 1, 1922,675; ibid.,m.) 
Stated by authors to be a facultative 
anaerobe. From intestine of diabetic 
persons. 

Bacillus anaerobic No. VIII Chester. 
(Anaerobe No. VIII, Sanfelice, Ztsclir. f. 

Ht 1893,375; Pseudo-Rauschbrand- 

bacilius, Kruse, in Fliigge, Die Mikroorg., 
3 Aufl., 2, 1896, 250; Chester, Man. Det. 
Bact., 1901,296.) From putrefying meat 
infusions, soil, and from tissues of guinea 
pigs after inoculation with soil. 

Bacillus hulyricus Botkin. (Botkin, 
Ztschr. f. Hyg., 11, 1892, 421; Bacillus 
No. I, Fliigge, Ztschr. f. Hyg., 17, 1894, 
290; Bacillus boikini Migula, Syst. d. 
Bakt., 2, 1900, 594; Bacillus parabuiyri- 
cus LeBlaye and Guggenheim, Man. Prat, 
de Diag. Bact., 1914 , 324; not Bacillus 
V<iTahuiyricus Gratz and Vas, Cent. f. 
Bakt., 11 Abt., 41,1914, 510; Clostridium 
bulyricum Holland, Jour. Bact., 5, 1920, 
217 and 222.) From milk. 


Bacillus butyricus dimorphus Rocchi. 
(Cent. f. Bakt., I Abt., Orig., GO, 1911, 
580.) A collective name for a group of 
butyric anaerobes considered donaturable 
and mutually interconvertible. 

Bacillus cadaveris grandis Sternberg. 
(Researches relating to the etiology and 
prevention of yellow fever, Washington, 
1891, 213.) From liver of a yellow fever 
cadaver. 

Bacillus cannabinus Makrinow and 
Tchijowa. (Arch. Sci. Biol. (Russ.), 29, 

1929, 52; also Cent. f. Bakt., II Abt., 80, 

1930, 59.) Stated by the authors to be a 
facultative anaerobe. From soil and from 
retting of kenaf {Hibiscus cannabinus). 

Bacillus cincinnatusGcTstncT. (Gerst- 
ner, Thesis, Basel, 1894, 17; Bacillus 
Cincinnati Jungano and Distaso, Lcs 
Anadrobies, 1910, 88.) From soil and 
sewage. 

Bacillus clavatus Migula. (Anaerobe 
No. Ill, Flugge, Ztschr. f. Hyg., 17, 1894, 
289; Migula, Syst. d. Bakt., 3, 1900, 597; 
Bacillus cuneatus Chester, Man. Determ. 
Bact., 1901, 299.) From boiled cow’s 
milk. 

Bacillus colicogenes Tissicr. (Ann. 
Inst. Past., 26, 1912, 523.) From stool 
of an infant with diarrhea and colic. 

Bacillus coprogenes Hopffe. {Bacillus 
coprogenes foetidus Herfeldt, Cent. f. 
Bakt., II Abt., 1, 1895, 77; not Bacillus 
coprogenes foetidus Fliigge, Die Mikro¬ 
org., 2 Aufl., 1886, 305; Hopffe, Ztschr. 
Infkrnkh. u. Hyg. Haust., U, 1913,404.) 
From manure and from horse intestine. 

Bacillus cresologenes Rhein. (Rhein, 
Compt. rend. Soc. Biol., Paris, 87, 1922, 
576; Clostridium cresologenes Prdvot, 
Ann. Inst. Past., 61, 1938, 85.) From 
brain medium inoculated with soil. 

Bacillus de baryanus Klein. (Bcr. d. 
Deuts. Bot. Gesellsch., 7 (Bhft.), 1889, 
60.) Migula (Syst. d. Bakt., 2, 1900, 
640) says this is probably anaerobic. 
Observed in swamp water, but not culti¬ 
vated on artificial media. 

Bacillus diffrangens Gerstner. (The¬ 
sis, Basel, 1894, 19.) From soil and 
sewage. 



814 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Bacillus tiuiiorphobulijricus Lehmann 
and Neumann. (Dimorpher Butter- 
saurebnoillus, Grassberger and Schatten- 
froh. Arch. f. IIyK.,60,1007,59; Lehmann 
and Neumann, liakt. Diai;., 4 Aufl., 2, 
1007, 441.1 From milk. 

Bacillus elegans Romanovitch. 
(Compt. rend. Soc. BioL, Paris, 71, 1911, 
160.) From normal human intestine and 
from diseased appendix. 

Bacillus fibrosus Gerstner. (Thesis, 
Basel, 1894, 26.) From soil and sewage. 

Bacillus fliiggei Migula. (Anaerobe No. 
IV, Flugge, Ztschr. f. Hyg., 17, 1894, 
290; Migula, Syst. d. Bakt.,2,1900, 597.) 
From boiled cow’s milk. 

Bacillus fossicularum Lehmann and 
Neumann. (Wasserstoffbacillus, Omeli- 
anski, Cent. f. Bakt., II Abt., 8,1902,262; 
Lehmann and Neumann, Bakt. Diag., 4 
Aufl., 2, 1907, 466, may have been named 
in the 3 Aufl.) From mud from canals. 
Forms hydrogen and CO 3 from anaerobic 

cellulose fermentations. 

Bacillus funicularis Gerstner. (The¬ 
sis, Basel, 1894, 24.) From soil and 

sewage. 

Bacillus gangraenae Tilanus. (Nederl. 
Tijdschr. v. Geneeskunde, 21, 1885,110.) 
From a gangrenous human leg. 

B(rillus gracilis ethylicus Achalme and 
Rosenthal. (Compt. rend. Soc. Biol., 
Paris. 38, 1906.1025) From stomach con¬ 
tents in a case of gastritis. 

Bacillus granulosus Gerstner. (Gerst¬ 
ner, Thesis, Basel, 1894, 21; Bacillus 
granulatus Migula, Syst. d. Bakt., 2, 1900, 
613.) From soil and sewage. 

Bacillus haumani Soriano. (Unnamed 
plectridium, Sordelli and Soriano, Compt. 
rend. Soc. BioL, Paris, 99, 1928, 1517; 
Plectridio amarillo, Soriano, Tomo com¬ 
memorative del XXV aniversario de la 
fundacidn de la Facultad de Agronomia y 
Veterinaria, Buenos Aires, 1929, (?); 
Soriano, Rev. Inst. Bact., Buenos Aires, 
5 1930, 743; Plectridium amarillum 

Stampa, Ann. Brass, et Distill., 29, 1930- 
31, ( 253 ,271 and 302?); Bacillus hauman- 
ni Arnaudi, Boll. 1st. Sieroter., Milano, 
16, 1937 , 650; Clostridium haumanni 


Prevol, Ann. Inst. Past., 61, 1938, 81.) 
From flax-retting beds. 

Bacillus icklhyismi Konstansoff. 
(Vestnik Obshtch. Hig. Sudeb. i Prakt. 
Med., Petrograd, 5i, 1915, (766?); quoted 
from Weinberg et al., Les Microbes 
Ana^robies, 1937, 341.) From fish re¬ 
sponsible for a condition simulating 
botulism. 

Bacillus indolicus Gratz and Vas. 
(Gratz and Vas, Cent. f. Bakt., II Abt., 
41 , 1914, 511; Injlabilis indolicus Pr^vot, 
.Ann. Inst. Past., 61, 1938, 77.) From 
cheese. 

Bacillus infantilism Hill and Whit¬ 
comb. (Amer. Jour. Pub. Health, S, 
1913, 926.) From human intestine. 

Bacillus inflatus Koch. (Koch, Botan. 
Zeit., 46, 1888, 328; Clostridium inflatum 
Trevisan, I generi e le specie delle Bat- 
teriacee, 1889, 22; not Bacillus inflatus 
Distaso, Ann. Inst. Past., 23, 1909, 955.) 
Anaerobic status insecure; aerobic ac¬ 
cording to Kruse, in Fliigge, Die Mikro- 
org., 3 Aufl., 2, 1896, 259. Observed in 
swamp waters, but not isolated. Formed 
two spores in a spindle-shaped spo¬ 
rangium. 

Bacillus irregularis Choukfivitcn. 
(Choukfivitch, Ann. Inst. Past., 25, lOll, 
348; Clostridium irregularis Pr^vot, Ann. 
Inst. Past., 61, 1938, 85.) From large 
intestine of horse. 

Bacillus kedrowskii Migula. (Bacillus 
No. 2, Kedrowski, Ztschr. f. Hyg., 16, 
1894, 451; Bacillus acidi butyrici Kruse, 
in Flugge, Die Mikroorg., 3 Aufl., 2,18%, 
256; not Bacillus acidi butyrici / Weig- 
manDt Cent. f. Bakt., 11 Abt., ^89 i 
830 (see Bacillus pseudonauicula); 
Migula, Syst. d. Bakt., 2, 1900, 589.) 
From cheese and rancid butter. 

Bacillus laciopropylbutyricus Tissier. 

(Apparently identical with 
laciopropylbutyricus non liquefaciens Us¬ 
sier and Gasching, Ann. Inst. Past., . 
1903 , 546; Tissier, Ann. Inst. 

1905, 282; Clostridium lactopropylbu^ 
cum Pr^vot. Ann. Inst. Past., 8 , - 

85 ; Bacillus laclopropylbulyUcus 
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tiquefaciens Pr<5vot. Man. d. (’lass., etc., 
1940, 141.) From milk. 

Bacillus lichenoides Piening. (Cent, 
f. Bakt., I Abt.. Grig., 1932, 217; 
not Bacillus lichenoides Grohmann, Cent, 
f. Bakt., II Abt., 6-/, 1924, 207.) Cited 
only by name, without (.lescription. 
From dried sheep intestines used for 
preparation of catgut sutures. 

Bacillus limosus Klein. (Ber. d. 
Deutsch. Bot. Gesellsch., 7 (Bhft.), 1889, 
(iO.) Migula (Syst. d. Bakt.,2,1000,(MO) 

says this is probably anaerobic. Ob¬ 
served in swamp water, but not culti¬ 
vated on artificial media. 

Bacillus longus Chester. (Bacillus 
niuscoides cofora6i7fs Ueke, Cent. f. 
Bakt., I Abt., 2S, 1898, 1000; Chester, 
Man. Determ. Bact., 1901, 303.) From 
garden soil. 

Bacillus lubinskii Kruse. (Tetanus- 
ahnlicher Bacillus, Lubinski, Cent. f. 
Bakt., 16, 1894,771; Kruse, in Flugge, Die 
Mikroorg., 3 Aufl., 2,1896, 267.) From a 
fetid human abdominal abscess in peri¬ 
tonitis. 

Bacillus lyticus (A)sta and Troisier. 
(Compt. rend. Soc. Biol., Paris, 78, 1915, 
433.) From gangrenous war wounds. 
Stated to be intermediate between Clos¬ 
tridium perfringens and Clostridium 
septicum. 

Bacillus macrosporus Klein. (Ber. d. 
Deutsch. Bot. Gesellsch., 7 (Bhft.), 1889, 
60.) Migula (Syst. d. Bakt., 2, 1900,640) 
says this is probably anaerobic. Ob¬ 
served in swamp water, but not culti¬ 
vated on artificial media. 

Bacillus viakrono-filiformis Becker. 
(Ztschr. f. Infkrnkh. d. Haust., 23, 1922, 
20 .) From a guinea pig cadaver. 

Bacillus maijtnonei Carbone. (Boll, 
feez. Ital., Soc. Intern. Microbiol., I, 
1929 , 74.) A retting organism of doubt¬ 
ful purity and anaerobic status. Culti¬ 
vated from kenaf (Hibiscus cannabinus). 

Bacillus megalosporus Chouk6vitch. 
(Choukfivitch, Ann. Inst. Past., 2 $, 1911, 
351; Hiberillus megalosporus Heller, 
Jour. Bact., 7,1922,17; Injlabilis megalo¬ 


sporus Pr(^vot, .Vun. Inst. Past., 61, 1938, 
77.) From large intestine of horse. 

Bacillus multiformis Distaso. (Dis- 
taso, Cent. f. Bakt., I Abt., Grig., 59, 
1911, 101; not Bacillus mulliformisvun 
Semis, Dissert., Leiden, 1890, (?); Bac- 
teroides multiformis Bergcy, Manual, 1st 
ed., 1923, 263; Cillobacterium mutliforjiie 
Prt^vot, .Vnn. Inst. Past., 60, 1938, 297.) 
Stated by Distaso (loc. cit.) not to pro¬ 
duce six>res, but to belong prol)ably to 
the Welch Group. From feces of dog. 

Bacillus multiformis van Senus. (van 
Senus, Dissert., Leiden, 1890 and Koch’s 
Jahrsber., 1 , 1890, 138.) From mud and 
from decomposing vegetation. 

Bacillus ynuscoides Liborius. (Libor- 
ius, Ztschr. f. Ilyg., /, 1886. 163; Cornilia 
muscoides Trevisan, I gencri e le specie 
dclle Batteriacee, 1889,22.) From mouse 
inoculated with soil, from cheese, and 
from bovine feces. 

Bacillus muscoides non colorabilis 
Ucke. (Cent. f. Bakt., I Abt., 23, 1898, 
KXK).) From hay infusion. 

Bacillus nanus Romanovitch. (Compt. 
rend. Soc. Biol., Paris, 7i, 1911, 239.) 
From human intestine. 

Bacillus nebulosus Vincent. (Ann. 
Inst. Past., 21, 1907 , 69; not Bacillus 
nebulosus Wright, Mem. Xat. Acad. Sci., 
7,1894,465; not Bacillus nebulosus Halid, 
These de Paris, 1898, 33; not Bacillus 
riebulosus Migula, Syst. d. Bakt., 2 . 
1900, 844; not Bacillus nebulosus Gorcs- 
line, Jour. Bact., 27, 1934, 52.) From 
well and river water. 

Bacillus oedemalis Migula. (Bacillus 
cedematis maligni Liborius, Ztschr. f. 

It 1886, 158; not Bacillus oedematis 
maligni Zopf, Die Spaltpilze, 3 Aufl., 
1885, 88; Migula, Syst. d. Bakt., 2 , 1900, 
604; not Bacillus oedemalis Chester, 
Man. Determ. Bact., 1901, 292.) 

Bacillus otitidis sporogenes pulrijicus 
von Hibler. (Cent. f. Bakt., I Abt., 
Grig., 68 , 1913, 282.) From a human 
brain abscess. 

Bacillus oiricolare Weinberg and Gins- 
bourg. (Bacillo otricolare, Nacciarone, 
Riforma Med., S3, 1917, 778; Weinberg 
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and Ginsbourg, Bull. Inst. Past., 23, 
1925, 825; Endosporus oincolare Pr^vot, 
Ann. Inst. Past., 61, 1938, 75.) From 
human gaseous gangrene. 

Bacillus pappulus de Gasperi. (de 
Gasperi, Cent. f. Bakt., I Abt., Orig., 
58, 1911,1; ParopUctrum pappulum Prd- 
vot, Ann. Inst. Past., 61, 1938, 75.) 
From rancid sausages. 

Bacillus parabulyricus Gratz and \as. 
(Gratz and Vas, Cent. f. Bakt., II Abt., 
41, 1914, 510; not Bacillus parabulyricus 
LeBlaye and Guggenheim, Man. Prat, de 
Diag. Bact., 1914, 324.) From Liptauer 
cheese. 

Bacillus penicillatus Gerstner. (In- 
aug. Diss., Basel, 1894, 27.) From soil 
and sewage. 

Bacillus peroniclla Klein. (Ber. d. 
Deutsch. Bot. Gesellsch., 7 (Bhft.), 1889, 
60.) Migula (Syst. d. Bakt., 2, 1900, 
640) says this is probably anaerobic. 
Observed in swamp water, but not culti¬ 
vated on artificial media. 

Bacillus polypiforynis Liborius. (Li- 
borius, Ztschr. f. Ilyg-, C 1886, 162; 
Cornilia polypiformie Trevisan, I generi 
e le specie delle Battcriacee, 1889, 22; 
Anaerobe No. II, Sanfelice, Ztschr. f. 
Hyg., 14, 1893,369; Bacillus cephaloideus 
Migula, Syst. d. Bski., 2, 1900, 631.) 
From mouse inoculated with soil. 

Bacillus postumus Heim. (Heim, 
Lehrbuch d. Bakt., 3 Aufl., 1906, (?) (p. 
259 in 6 Aufl.); quoted from Wurcker, 
Sitzungsber. d. Physik.-Med. Soz. in 
Erlangen, 41, 1909, 230; also Heim, Cent, 
f. Bakt., I Abt., Orig., 66, 1910, 341.) 
From various spontaneously putrefying 
infusions. 

Bacillus pseudomagnus Migula. (An¬ 
aerobe No. VI, Sanfelice, Ztschr. f. Hyg., 
14, 1893, 373; Migula, Syst. d. Bakt., 8, 
1900, 608; Bacillus caris Chester, Man. 
Detenu. Bact., 1901, 293.) From putre¬ 
fying meat infusions, soil and animal 

excreta. 

Bacillus pseudonavicula Migula. (Spe¬ 
cies No. 1, Kedrowski, Ztschr. f. Hyg., 
16, 1894, 445; Bacillus acidi hutyrici I 
Weigmann, Cent. f. Bakt., II Abt., 4% 


1898, 830; not Bacillus acidi hutyrici 
Kruse, in Fliigge, Die Mikroorg., 3 Aufl., 
2, 1896, 256; Migula, Syst. d. Bakt., 8, 
1900, 590.) From cheese and rancid 
butter. 

Bacillus pseudooedemalis Kruse. 
(Pseudo - Oedembacillen, Liborius, 
Ztschr. f. Hyg., 1, 1886, 163; Bacillus 
pseudo-oedematis maligni Gerstner, In- 
aug. Diss., Basel, 1894, 35; not Bacillus 
pseudooedemalis maligni Sanfelice, Ann, 
delPIst. d’lg. di Roma, n.s. /, 1891, 370; 
Anaerobe No. VII, Sanfelice, Ztschr. f. 
Hyg., 14, 1893 , 374; Kruse, in Fliigge, 
Die Mikroorg., 3 Aufl., 2, 1896, 239; 
Bacillus pseudoedemaiis Chester, Man. 
Determ. Bact., 1901, 293; presumably 
identical with Bacillus pseudo-septicus 
Perrone, Ann. Inst. Past., 19, 1905, 371, 
and, according to Perrone, with Proteus 
hominis capsulatus Bordoni-Uffreduzzi, 
Ztschr.f.Hyg.,3,1888,333.) Frommouse 
inoculated with soil, from putrefying 
meat infusions and from animal excreta. 

Bacillus pseudosolidus Migula. (An¬ 
aerobe No. Ill, Sanfelice, Ztschr. f. Hyg., 
14, 1893, 371; Migula, Syst. d. Bakt., 8 , 
1900, 630; Bacillus tardus Chester, Man. 
Determ. Bact., 1901, 294; not Bacillus 
tardus Chouk^vitch, Ann. Inst. Past., 
26, 1911, 350.) From putrefying meat 
infusions, soil, and from animal excreta. 

Bacillus pseudotetani Migula. (Pseu- 
dotetanusbacillus, Tavcl and Lanz, 
Mitt. a. klin. med. In.st. d. Schweiz, 
/, 1893, 162; Migula, Syst. d. Bakt., 8, 
1900, 598; Bacillus taveli Chester, Man. 
Determ. Bact., 1901, 304.) From cases 

of intestinal abscesses. 

Bacillus pseudotetanicus Kruse. (An¬ 
aerobe IX, Sanfelice, Ztschr. f. Hyg., 
14 1893, 375; Kruse, in Fliigge, Die 
Mikroorg., 3 Aufl., 3, 1896, 267; not Ba¬ 
cillus pseudotetanicus Migula, Syst. d. 
Bakt., 2, 1900, 626; not Bacillus pseudo¬ 
tetanicus Chester, Man. Determ. Bact.. 
1901 302; Bacillus subtetanicus Migula, 
loc. \ii., 629.) From putrefying meat 
infusions and from soil. 
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Bacillus putrificus coagulans Distaso. 
(Cent. f. Bakt., I Abt., Orig., 69, 1911, 
97.) From human and animal intestine. 

Bacillus putrificus var. non liguefaciens 
Putzu. (Policlin., Sez. Chir., 23, 1916. 
225.) From human gas gangrene. 

Bacillus putrificans immobilis Distaso. 
(Ann. Inst. Past., 23, 1909, 962.) From 
the feces of the flying fox {Picropus). 

Bacillus pyogenes foetidus Herfeldt. 
(Cent. f. Bakt., II Abt., 1 , 1895, 77.) 
From manure and from horse intestine. 

Bacillus reniformis Gerstner. (Gerst- 
ncr, Inaug. Diss., Basel, 1S94, 22; Bac¬ 
terium reniforme Migula, Syst. d. Bakt., 
2, 1900, 329.) From soil and sewage. 

Bacillus rubcllus Okada. (Okada, 
Cent. f. Bakt., 11 , 1892, 4; C/osfriV/tum 
rubellum Prdvot, Ann. Inst. Past., 61, 
1938,85.) From dust and dirt. 

Bacillus saccharofermentans de Gjis- 
peri. (Compt. rend. Soc. Biol., Paris, 
67, 1909, 494.) From putrefying car¬ 
casses of game birds. 

Bacillus saccharogenes Romanovitch. 
(C!ompt. rend. Soc. Biol., Paris, 71, 1911, 
168.) From human intestine, lx)th nor¬ 
mal and during appendicitis. 

Bacillus saprogenes I, II and III, 
Herfeldt. (Herfeldt, Cent. f. Bakt., II 
Abt., 1, 1895, 77; not Bacillus saprogenes 
Salus, Arch. f. Hyg., 51, 1904, 115.) 
From manure and from horse intestine. 

Bacillus saprogenes intestinalis Ro¬ 
manovitch. (0)mpt. rend. Soc. Biol., 
Paris, 71, 1911, 237.) From human 
intestine. 

Bacillus saprophylicus Maes. (Surg. 
Clin. North Amer., 10 , 1930, 792.) Only 
casual mention of this organism as one of 
the common gas bacilli. Otherwise uni¬ 
dentified. 

Bacillus saproloxicus Sordelli, Soriano, 
Ferrari and Torino. (Sordelli et al., Rev. 
d. Inst. Bact., Buenos Aires, 1934,432; 
Clostridium saprotoxicum Pr4vot, Ann. 
Inst. Past., 61, 1938, 83.) From human 
gaseous gangrene. 

Bacillus sarcuemphysetnalodes hominis 
Conradi and Bieling. (Munch, med. 


Wchnschr., 63, 1910, 133.) From human 
lesions. 

Bacillus satellitis Ix)ris-Melikov. (Un¬ 
named species of Ix)ris-Mclikov, Compt. 
rend. Soc. Biol., Paris, 70, 1911, 865; 
Ixjris-Melikov, Ann. Inst. Past., ^7, 1913, 
545; Bacillus salclitis (sic) Loris- 
Mclikov, Compt. rend. Acad. Sci., Paris, 
15(1, 1913, 346; Injlabilis satellitis Pr(5vot, 
Ann. Inst. Past.. 61, 1938, 77.) From 
human typhoid feces. 

Bacillus scatologeucs Weinberg and 
Ginsbourg. (Skatol-libcrating Clos¬ 
tridium, Fellers, Abst. Bact., 7, 1923, 
351; Bacillus skatol, Fellers and Clough, 
Jour. Bact., 10 , 1925, 105; Weinberg and 
Ginsbourg, Los Microl)ps Anadrobios, 
Paris. 1927, 54.) From spoiled canned 
macaroni and salmon. 

Bacillus septicus Klein. (Klein, Mi¬ 
cro-Organisms and Disease, l^ndon, 
1884 , 78; not Bacillus septicus Macd, 
Trait6 Prat. d. Bact., 1st cd., 1888, 455; 
not Bacillus septicus Migula, Syst. d. 
Bakt., 2, 1900 , 646.) Probably synony¬ 
mous with Clostridium perfringens Type 
.\. From earth, putrid blood and other 
albuminous fluids, and occasionally in 
blood-vessels of man and animals after 
death. 

Bacillus solidus Liideritz. (Luderitz, 
Ztschr. f. Hyg., 5, 1889,152; not Bacillus 
solidus Chester, Ann. Ropt. Del. Col. 
Agr. Kxp. Sta., 10, 1S9S, 129; Carnilia 
solida Trevisun, I gencri e le specie delle 
Batleriacee, 1889, 22.) From mouse and 
guinea pig inoculated with soil. 

Bacillus solmsii Klein. (Klein, Ber. 
d. Deutsch. Bot. Gesellsch., 7 (Bhft.), 
1889 , 60; Diplectridium solmsii Fischer, 
Jahrb. f. Wiss. Bot., 27, 1895, 148). 
Migula (Syst. d. Bakt., 2, 1900, 640) 
says this is probably anaerobic. Ob¬ 
served in swamp water, but not culti¬ 
vated on artificial media. 

Bacillus spinosus Luderitz. (Liider- 
itz, Ztschr. f. Hyg., 5, 1889, 152; Cornilia 
spinosa Trevisan, I generi e le specie 
delle Batteriacee, 1889,22.) From mouse 
and guinea pig inoculated with soil. 
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Bacillus sporogenes Migula. {Bacillus 
enlerilidis sporogenes Klein, - Cent. f. 
Bakt., 1 Abt., 18, 1895, 737; Migula, Syst. 
d. Bakt., 2, 1900, 560; Bacillus {enteriti- 
dis) sporogenes and Bacillus ententidis 
Klein, Log. Govt. Bd., Ann. Kept. Med. 
Off., London, 33, 1903-04, 442 and 443; 
Bacillus sporogenes capsulatus Rettger, 
Jour. Biol. Chem.,2,1906-07,84; Bacillus 
enlerilidis-sporogenes Holland, Jour. 
Baot., 5, 1920, 218; Clostridium enteriti- 
dis-sporogenes Holland, ibid., 218; Clos¬ 
tridium enteritidis sporogenes Holland, 
ibid., 222; Clostridium sporogenes Hol¬ 
land, ibid., 220.) Probably a culture of 
Clostridium perjringens contaminated 
with Clostridium bifermentans or with 
Clostridiuyn sporogenes. From epidemic 
diarrheal feces, and from milk presum¬ 
ably causing the epidemic. 

Bacillus sporogenes non liquefaciens 
Jungano. (Jungano, Compt. rend. Soc. 
Biol., Paris, 65, 1908-09, 716; Bacillus 
sporogenes liquefaciens Jungano, ibid., 
718; Bacillus sporogenes non liquefaciens 
anaerobius LeBlaye and Guggenheim, 
Man. Prat. d. Diag. Bact., 1914, 395.) 
From the intestine of the flying fox 
{Pleropus). 

Bacillus sporogenes foetidus Choukd- 
vitch. (Ann. Inst. Past., 25, 1911, 257.) 
From the large intestine of a horse. 

Bacillus sporogenes parvus Chouk^- 
vitch. (Ann. Inst. Past., 27, 1913, 251.) 
From intestine of cattle. 

Bacillus stellatus Vincent. (Vincent, 
Ann. Inst. Past., 21, 1907, 69; Bacillus 
stellatus anaerobius LeBlaye and Guggen¬ 
heim, Man. Prat. d. Diag. Bact., 1914, 
368; Bacterium stellatum LeBlaye and 
Guggenheim, idem.) Anaerobic status 
uncertain, but Vincent compares it with 
Bacillus poUjpiformis Liborius, and with 
Anaerobe No. 11, Sanfelice. From water. 
Bacillus subfoetidus Migula, (An¬ 
aerobe V, Sanfelice, Ztschr. f. H^g., I4i 
1893,372; Migula, Syst. d. Bakt., 2, 1900, 
609* Bacillus ariaerobic No. V Chester, 
Man. Determ. Bact., 1901, 296; Bacillus 
pseudoteianicus Chester, ibid., 302.) 
From putrefying meat infusions, soil, and 

from animal excreta. 


Bacillus lackysporus Wesbrook. (Jour. 
Path, and Bact., 4, 1896-97, 8.) From 
infection in human tetanus. 

Bacillus tenuis glycohjticus Distaso. 
(Ann. Inst. P^t., 23, 1909, 955.) From 
intestineof the flying fox (Pleropus). 

Bacillus tenuis spatuliformis Distaso. 
(Distaso, Cent. f. Bakt., I Abt., Orig., 
59, 1911, 101; Bacleroides tenuis Bergey 
et aL, Manual, 1st ed., 1923, 263; Cillo- 
bacterium spatuliforme Pr^vot, Ann. Inst. 
Past., 60, 1938, 297; Bacillus spalulifor- 
mis Prt^vot, Man. d. Class., etc., 1940,79.) 
Spores not observed by Distaso, but 
placed by him in the perfringens-group. 
From feces of dog. 

Bacillus teras Knorr. (Knorr, Cent. f. 


Bakt., I Abt., Orig., 82, 1918-19, 225; 
Inflabilis teras Pr(Svot, Ann. Inst. Past., 
61, 1938, 77.) From soil and from fluid 

aspirated in hematopneumothorax. 

Bacillus thalassophilus Russell. (Rus¬ 
sell. Ztschr. f. Hyg., 11, 1892, 189.) Va¬ 
riably recorded as a strict or facultative 
anaerobe (see Bacillus polymyxa and 
Bacillus sphacricTis). From sea water 

and mud from depth of sea. 

Bacillus Ihermofibrincolus Itano and 
Arakawa. (Bull. Agric. Chem. Soc-, 
Japan. 5,1929,33.) Source not rerorded. 

Bacillus tympani-cuniculi Morcos. 
(Jour. Bact.. 2S, 1932, 454.) From vis¬ 
cera, muscles and blood of rabbits dying 


infectious tympanitis. 

Bacillus ukilii Weinberg, Pr^vot, 
ivesne and Renard. (Unnamed spe- 
IS of Ukil, Compt. rend. Soc. Bioh, 
ris 87, 1922, 1009; Weinberg et ah, 
m. Inst. Past.. 4^. 1928.1199; 
lematogenes Frei, Ergeb. d. allgein. 
,th. Mensch. u. Tierc, St, 1936 , 62; 
oslridium ukilii Hauduroy et al.. Diet. 

Bact. Path., 1937. 142; Clostridium 
demalis-benigni Pr^vot, Ann. Inst, 
^t.. 61, 1938.82; Clostridium oedemM 
nigni Pr^vot, Man. d. Class., etc., IW 
0.) From diseased human appendix. 
Bacillus ventriculosus Koch. (Koc , 
,tan. Zeit., 46. 1888, 341; Clcslndtum 
ntriculosus Trevisan, I genen e le spe 
B delle Batteriacee, 1889, 22.) P 
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ably not anaerobic. Observed in decay¬ 
ing Vegetation and in swampy waters. 

Bacterium coprophilum Migula. 
(Anaerobe No. 2, Sewerin. Cent. f. Bakt., 
II Abt., 5, 1807, 70S; Migula, Syst. d. 
Bakt., Sf 1000, 323; Bacillus coprop/uVi/s 
Weinberg, Nativellc and W^vot, Les 
Microbes Ana6r., 1037, m. ) From horse 
manure. 

Bacterium Imi Migula. (Unnamed 
species of Winogradsky, Compt. rend. 
Acad. Sci., Paris, 121, 1805, 744; Migula, 
Syst. d. Bakt.,i>, 1000.513. From retting 
flax. 

Bacterium pscudocloslriditm Migula. 
{Clostridium foetidum laclis von Frou- 
denrcich. Cent. f. Bakt., I! Abt., /. ISOo, 
856; Migula, Syst. d. Bakt..^. 1000.511.> 
From cheese. 

Bacterium sternbergii Migula. {Ba¬ 
cillus anaerohicus liquefacicns Sternberg, 
Researches relating to the etiology and 
prevention of yellow fever, Washington, 
1891, 214; Bacillus anaero6i»s liquefa- 
dens Kruse, in Fltigge, Die Mikroorg., 
3 Aufl., e, 1896, 241; Migula, Syst. d. 
Bakt., 2, 1900, 444; Bacterium anncro6i- 
cum Chester, Man. Determ. Bact., 1001, 
198.) From intestine of a yellow fever 
cadaver. 

Baclridium bulijricum Chudiakow. 
(Chudiakow, Zur Lehre von der Anaero- 
biose, Teil I, Moskau, 1896, (?); quoted 
from Rothert, Cent. f. Bakt., II Abt., 4, 
1898, 390.) Stated by Rothert to be a 
pathogenic, obligate anaerobe, but source 
of culture is not specihed. 

Caduceus thermophilus a Pr^vot. 
(Anaerobic thermophile a (Thermo a), 
Veillon, Ann. Inst. Past., S6, 1922, 428; 
Pr4vot, Ann. Inst. Past., 61, 1938, 86; 
Bacillus thermophilus a Pr4vot, Man. d. 
Class., etc., 1940, 150; Caduceus ther¬ 
mophilus Pr^vot, ibid., 149; Caduceus 
thermophilus alfa Pr^vot, ibid., 150.) 
From horse manure. 

Clostridium aceticum Wieringa. (Jour, 
Microbiol, and Serol., 6, 1940, 257.) 
From soil. Oxidizes Hj, using COj as 
the hydrogen acceptor, forming acetic 
acid, thus using H* as sole source of 


growth energy and COj as sole carbon 
source for cell growth. 

Clostridium albo-lactcum Killian and 
Feh6r. (Ann. Inst. Piist., 66, 1935, 620.) 
From Sahara Deserl soil. 

Clostridium albolutcuin Killian and 
Feh^r. (Ann. Inst. Past., 65, 1935, 595.) 
From Sahara Desert soil. 

Clostridium album liquefacicns Killian 
and Feh6r. (Ann. Inst. Past., 65, 1935, 
505.) From Sahara Desert soil. 

Clostridium album minor Killian and 
Fch6r. (Ann. Inst. Past., 65, 1935, 620.) 
Presumably identical with Clostridium 
minor Killian and Feh6r, ibid,, 597 . 
From Sahara Desert soil. 

Clostridium album non liquefacicns 
Killian and Fch6r. (Ann. Inst. Piist., 
56, 1935, 599.) Pre.sumably identical 
with Clostridium non liquefacicns Killian 
and Fch6r, ibid., 597. From Sahara Des¬ 
ert soil. 

Clostridium americanum Pringsheim. 
(Fine Alkoholc biidende Bakterienform, 
Pringsheim, Cent. f. Bakt., II Abt., 16, 
1906, 300; Bacillus pringsheim Prings¬ 
heim, ibid., 311; Pringsheim, Cent. f. 
Bakt., II Abt., 16, 1906, 796; Clostridium 
bulijricum var. americanum Pre^vot, Man. 
d. Class., etc., 1940, 109.) Anaerobic 
status uncertain. From spontaneously 
fermenting potato. 

Clostridium aurantibutyricum Hellin- 
ger. (Commemorative Vol. to Dr. Ch. 
Weizmann's 70th Birthday, Nov., 1944, 

46.) From retted Hibiscus from So. 
Africa. 

Clostridium balaenae Pr^vot. (Wal- 
fischseptikamie Bacillus, Nielsen, Cent, 
f. Bakt., 7, 1890, 269; Bacille de la septi- 
c6mie des baleines, Christiansen, Compt. 
rend. Soc. Biol., Paris, 83, 1920, 324; 
Walfischseptikiimiebazillus, Christian¬ 
sen, Cent. f. Bakt., I Abt., Orig., 84, 
1920, 127; Pr^vot, Ann. Inst. Past., 61, 
1938, 81.) From flesh of whales dying of 
septicemia. Later isolated from same 
material by Christiansen. 

Clostridium canadiense Dernby and 
Blanc. (Jour. Bact., 6, 1921, 420.) 
From a human case of gangrene. 

Clostridium caproicum Pr4vot. {Ba- 
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cillus anacrobiciis der Capronsaure- 
gruppe, Rodella, Cent. f. Bakt., II Abt., 
16, 1906, 58; PrtSvot, Ann. Inst. Past., 61, 
1938, &4; Bacillus anaerobicus caproicus 
Prevot, Man. d. Class., etc., 1940, 140.) 
From cheese. 

Clostridium cellobioparus Hungate. 
(Jour. Bact...^8,1944,499.) From rumen 
of cattle. 

Clostridium cellulosae Horowitz-WIas- 
sowa and Novotelnow. (Cent. f. Bakt., 
II Abt., 91, 1935, 477.) Cited only by 
name. Source not stated. 

Clostridium corallinum Prevot and 
Raynaud. (Ann. Inst. Past., 70, 1944, 
182.) From serous fluid obtained post 
mortem from a mouse inoculated with an 
emulsion of street dust. 

Clostridium cuniculi Galli. (Galli, 
Boll. 1st. Sieroter., Milan, S, 1923-24, 
337; Clostridium gallii Prdvot, Ann. Inst. 
Past., 61, 1938, 83.) From necrotic vis¬ 
ceral lesion in a rabbit. 

Clostridium disporum Vuillemin. 
(Compt. rend. Acad. Sci., Paris, 136, 
1903, 1583.) Probably not anaerobic. 
Encountered in cultures of Blastomyces; 
said to form two spores. 

Clostridium foelidum fecale Romano- 
vitch. (Compt. rend. Soc. Biol., Paris, 
71, 1911, 238.) From normal human 
intestine. 

Clostridium yhoni Prevot. (Unnamed 
species of Ghon and Mucha, Cent. f. 
Bakt., I Abt., Grig., 39, 1905,497; Prevot, 
.\nn. Inst. Past., 61, 1938, 83.) From 
post-operative human peritonitis. 

Clostridium giganteum Benecke and 
Keutner. (Ber. d. Deutsch. Botan. Ge- 
sellsch., 21, 1903, 340.) From sea water. 

Clostridium haemolysans Hauduroy et 
al. {Bacillus anaerobius haemolysans 
Markoff, Cent. f. Bakt., I Abt., Grig., 
77, 1915-16, 421; Hauduroy et al., Diet, 
d. Bact. Path., 1937, 105; Pleclridium 
hemolysans Prevot, Ann. Inst. Past., 61, 
1938, 87.) From putrid human buccal 
tissues. 

Clostridium hueppei Trevisan. (But- 
tersaurebacillen, Hueppe, Mitteil. a. d. 

kais. Gesundhts., 2, 1884, 353; Bacillus 


butyricus Fliigge, Die Mikroorg., 2 Aufl., 
1886, 300; Trevisan, I generi e le specie 
delle Batteriacee, 1889, 22; Bacillus 
pseudo-butyricus Kruse, in Fliigge, Die 
Mikroorg., 3 Aufl., 2, 1896, 207; Bacillus 
hueppei Chester, Man. Determ. Bact., 
1901, 276.) From milk. 

Clostridium hyalinum Killian and 
Feh6r. (Ann. Inst. Past., 65, 1935,595.) 
From Sahara Desert soil. 

Clostridium kluyverii Barker and 
Taha. (Jour. Bact., 1942, 347.) 
From alcohol-containing enrichment cul¬ 
tures of Methanobacterium omelianskii 
inoculated with black mud from fresh 
water and marine sources. 

Clostridium liborii Trevisan. (Libor- 
ius buttersaurebildender Bacillus, 
Flugge, Die Mikroorg., 2 Aufl., 1886,299; 
Trevisan, I generi e le specie delle Bat¬ 
teriacee, 1889,22.) Presumably the^ame 
as Clostridium foetidum Liborius, Ztschr. 
f. Hyg., 1, 1886, 160. From mice inocu¬ 
lated with garden soil. 

Clostridium medium Henneberg. 
(Cent. f. Bakt., II Abt., 56, 1922 , 248.) 


i'rom human and animal feces. 

Clostridium milelmani Prdvot. (Ann. 
;nst. Past., 61, 1938, 84.) Stated by 
’r^vot to have been isolated by Mitelman 
rom diarrheal human intestine. 

Clostridium m\icosus Simola. (Siinola, 
^nn. Acad. Scient. Fennicoe, Helsinki, 
ier. A, 54, 1931, (115?); Clostridium 
nucosum Prevot, Man. d. Class., etc., 
940, 112; not Clostridium mucosum Ber- 
;ey et al., Manual, 4th ed., 1934 , 472; 
quoted from Prevot, Ann. Inst. Past., 
7,1938,80 who records it as a facultative 
maerobe.) Source of isolation unknown. 

Clostridium myxogenes Simola. (Sim- 
,Ia, Ann. Acad. Scient. Fennicoe, Hel- 
inki, Ser. A, 34, 1931, (115?); quoted 
rom Pr6vot, Ann. Inst. Past., 61, 1938, 
;0 who records it as a facultative 
inaerobe.) Source of isolation unknown. 

Clostridium necrosans Prevot. {Ba- 
■Mus aerogenes necrosans Schupfer, 

E-oliclin., Se.. Med../*, 1905,261 ;Prvot, 

V„„. Inet. Past.. 61. 1938. 84.) Isolated 
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from a gaseous, necrot ic thoracic abscess 
in a woman. 

Clostridium nolhnageli Henneberg. 
(Cent. f. Bakt., II Abt..55,1921-22,245.) 
Cultivated, but not isolated in pure cul¬ 
ture, from human and animal feces. 

Clostridium parlum Pr^vot. (Un¬ 
named anaerobe of Levens, Cent. f. 
Bakt., I Abt. Orig., 88, 1922,479; Pri^vot. 
Aim. Inst. Past., 61, 1938 , 85.) From 
a cow in post-partum rausch-brand. 

Clostridium propionicujn Cardon and 
Barker. (Jour. Bact., 52, 1946, 629.) 
From marine mud. 

Clostridium proteoUjlicum Chouke- 
vitch. (Ann. Inst. Past., 27, 1913, 253.) 
Said to be a facultative anaerobe. From 
intestine of cattle. 

Clostridium pygmaeum Henneberg. 
(Cent. f. Bakt., II Abt., 55, 1921-22.250.) 
From human and animal feces. 

Clostridium sarcoemphysematodes Pr(^- 
vot. {Bacillus sarcemphysematodes horn- 
inis Conradi and Bieling, Munch, mcd. 
Wochnschr., 63, 1916, 134; Clostridium 
sarcemphysematodes (sic) Pr^vot, Ann. 
Inst. Past., 61, 1938, 81; Prdvol, Man. d. 
Class., etc., 1940, 120.) From human 
gaseous gangrene. 

Clostridium sardiniensis Pr^vot. 
(Ann. Inst. Past., 61, 1938, 81.) Re¬ 
ferred to Altara by Pr^vot. Cited by 
name only from Pr^vot. 

Clostridium secundmn Hauduroy et al. 
(Unnamed species of Ghon and Sachs, 
Cent. f. Bakt., I Abt., Orig., 48, 1909, 
399; Hauduroy et al., Diet. d. Bact. 
Path., 1937, 130.) From human em¬ 
physematous liver. 

Clostridium solidum Sanfelice. (San- 
felice, Ztschr. f. Hyg., 14 , 1893, 372; 
Bacillus solidum Chester, Ann. Kept. 
Del. Col. Agr. Exp. Sta., 10 , 1898, 129; 
Bacillus san/e/icciMigula, Syst. d. Bakt., 
1900, 630; not Bacillus solidus Ludei - 
itz, Ztschr. f. Hyg., 5, 1889, 152.) From 
putrefying meat infusions, soil and from 
animal excreta. 

Clostridiurn sphaeroides Killian and 
Feh6r. (Ann. Inst. Past., 55, 1935, 598.) 
From Sahara Desert soil. 


Clostridium strasburgense Hauduroy et 
al. (Unnamed species of Vaucher, Boez, 

LanzenbergandKehlstadt, Bull, et Mem! 

Soc. M6d. H6p. Paris, 49, 1925, KHl; 
Hauduroy et al.. Diet. d. Bact. Path., 

1937, 135; Injlabilis sanguicole Prdvot, 
Ann. Inst. Past., 61, 1938, 77.) Isolated 
by blood culture in human puerperal 
septicemia. 

Clostridium tenue Hauduroy et al. 
{Bacillus anaerobicus tenuis Distaso, 
Cent. f. Bakt., I Abt., Orig., 63, 1912 ! 
439; Bacillus anaerobius tenuis LeBIaye 
and Guggenheim, Man. Prat. d. Diag. 

Bact., 1914,337; Hauduroy etal., Diet. d. 

Bact. Path., 1937,136.) From normal hu¬ 
man intestine. 

Clostridium thermoacidopkilus Damon 
and Feirer. (Damon and Feirer, Jour. 
Bact., 10, 1925, 41; Palmula thermo- 
acidophila Prdvot, Ann. Inst. Past., 61, 

1938, 89; Acujormis thermoacidopkilus 
PriSvot, Man. d. Class., etc., 1940, 105.) 
Isolated anaerobically, but not strictly 
anaerobic. From horse manure. 

Clostridium thermoaerogenes Damon 
and Feirer. (Damon and Feirer, Jour. 
Bact., 10, 1925, 40; Caduceus therrnoaero- 
genes Pr^vot, Ann. Inst. Past., 61, 1938, 
86.) From horse manure. 

Clostridium thcrmocellum Viljoen, Fred 
and Peterson. (Viljoen et al., Jour. 
Agric. Sci. (London), 16, 1926, 7; Ter- 
rninosporus thermocellus Pr^vot, .\nn. 
Inst. Past., 61, 1938, 86.) From horse 
manure. 

Clostridium thermochainus Damon and 
Feirer. (Jour. Bact., 10, 1925, 42.) 
From horse manure. 

Clostridium thennophilum Jemel’jant- 
schik and Borissowa. (Microbiology 
(Russian), 10, 1941, 236-241; Bacillus 
thermophilus anaerobicus, idem; abst. in 
Cent. f. Bakt., II Abt., 105, 1942, 148; 
not Clostridium thennophilum Pribram, 
Jour. Bact., 22 , 1931, 430.) From fish 
conserves. 

Clostridium thermoputrificum Damon 
and Feirer. (Damon and Feirer, Jour. 
Bact., 10, 1925, 39; Palmula thermopu- 
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trifica Pr^vot, Ann. Inst. Past., 61, 
1938, 89; Acuformis thermoputrijicus 
Pr^vot, Man. d. Class., etc., 1940. 165.) 
From horse manure. 

Clostridiinn ioxinogenes Pr^vot. (Un¬ 
named anaerobe of Kojiina, Ztschr. f. 
Hyg., 99, 1923, 86; Pr^vot, Ann. Inst. 
Past., 61, 1038, 82.) From muscle of a 
cow dying of symptomatic anthrax. 

Clostridium ureolyticum Prdvot. (Ann. 
Inst. Past., 61, 1938, 85; presumably 
Erde A, Gcilinger, Cent. f. Bakt., II 
Abt., 47,1017,252.) From manured soil. 

Clostridium valerianicum Prdvot. 
(Faulnisanaerobien der Baldriansiiure, 
Rodella, Cent. f. Bakt., II Abt., 16, 1906, 
62; Prevot, .Ann. Inst. Past.,^/, 1938, 84.) 
From cheese. 

Clostridium viscosum Chudiakow. 
(Zur Lehre von der Anaerobiose, Teil I, 
1896 (Russ.); quoted from Rothert, 
Cent. f. Bakt., II Abt., 4, 1898, 390.) 
\ facultative anaerobe. 

Clostridium xanthogenum DeGraafT. 
(Nederl. Tijd. Hyg., Microbiol, en Serol., 
4, 1930, 219.) From cultured buttermilk 
undergoing atypical fermentation. 

Clostridium zuntzii Henneberg. (Cent, 
f. Bakt., II Abt., 56, 1922, 249.) Culti¬ 
vated, but not isolated in pure culture, 
from human and animal feces. 

Cornilia parva Trevisan. {Bacillus 
liquefaciens parvus Liideritz, Ztschr. f. 
Hyg., 6, 1889,148; Trevisan, Igeneri e le 
specie delle Batteriacee, 1889, 22; Bac¬ 
terium parimm Migula, Syst. d. Bakt., S, 
1900, 324.) From animals inoculated 
with garden soil. 

Eiidosporus oiricolare Prevot. (Ba- 
cillo otricolare, Nacciarone, Riforma 
Med., Napoli, 33, 1917, 778; Prevot, Ann. 
Inst. Past., 61, 1938, 75.) From gan¬ 
grenous war wounds. 

Granulobacillus sporogenes .Andre. 
{Granu'.obacillus sp., Sommer, Deutsch. 
Monatschr. f. Zahnheilk., 55, 1915, 328; 
Andre, Ztschr. f. Hyg., 114, 1933, 412.) 
From infected, necrotic pulp of human 
teeth. 

Granulobacter lactobuiyricum Bei* 


jerinck. (Ferment de lactate de chaux, 
Pasteur, Ompt. rend. Acad. Sci., Paris, 
56, 1863,416; Beijerinck, Verhandl. d. k. 
Akademie v. Wctensch., Amsterdam, 
Tweedie Sectie, Deel 1,1893, 8; Bacillm 
laclobutxjricus Migula, Syst. d. Bakt., 
2, 1900, 601; Amylobacier lactobutyricus 
van Beynum and Pette, Cent. f. Bakt., 
II Abt., 93, 1935,200.) From fermenting 
grain mash and from soil. 

Granulobacter pectinovoruxn Beijerinck 
and van Delden. {Plectridium pectino- 
yorumSt6rmer,Mitteil. d. deutsch. Land- 
wirts. Gesellsch., 18, 1903,195; Beijerinck 
and van Delden, Arch. N6erl. d. Sci. 
Exactes et Nat., Ser. II, 9, 1904 , 423; 
Bacillus pectinovorus LcBlaye and Gug¬ 
genheim, Man. Prat. d. Diag. Bact., 
1914, 324; Bacillus pectinovorum Henne¬ 
berg, Cent. f. Bakt., II Abt., 55, 1922, 
279; Clostridium pectinovorum Donker, 
Thesis, Delft, 1926, 145.) From retting 
plant tissues. 

Granulobacter reptans Beijerinck and 
van Delden. (Cent. f. Bakt., II Abt., 
9, 1902, 13.) Probably aerobic or micro- 
aerophilic. From garden and other soils. 

Granulobacter sphaericum Beijerinck. 
(Cent. f. Bakt., II Abt., 7, 1901, 568.) 
Probably aerobic or microaerophilic. 
From garden and other soils. 

Granulobacter urocephalum Beijerinck 
and van Delden. (Arch. N^erl. d. Sci. 
Exactes et Nat., Ser. II, 9, 1904, 423.) 
From retting plant tissues. 

Hiblerillus rectus Heller. {Strepto- 
bacillus anaerobicus reclxis Chouk6vitch, 
Ann. Inst. Past., 25, 1911, 350; Bacillus 
anaerobius rectus LcBlaye and Guggen¬ 
heim, Man. Prat. d. Diag. Bact., 1914, 
337; Heller, Jour. Bact., 7, 1922, 17; 
Indabilis rectus Pr6vot, Ann. Inst. Past., 
61, 1938,77.) From large intestine of the 
horse. 

Hiblerillus Septimus Heller. (Art VII, 
von Hibler, Untersuch. ii. d. Path. 
Anaer., 1908, 3 and 406; Heller, Jour. 
Bact., 7, 1922, 17; Clostridium septimum 
Prevot, Ann. Inst. Past., 61, 1938, 84.) 
From spleen of a guinea pig inoculated 
with soil. 
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Injlahilis barati Vrovoi. (Bacille de 
Barat, Tissicr, Conipt. reiul. Soc. Biol., 
Paris, 81, 1918, 42G; Vr^voi, Ann. Inst. 
Past., 67, 1938, 77.) From beer wort. 

Injlahilis magniis Pn^vot. (Strcplo- 
hacillus anaerobicus magnus Chouke- 
viteh, Ann. Inst. Past., -35, 1911, 251; 
Bacillus anacrobius magnus LoBlayc and 
Guggenheim, Man. Prat. d. Diag. Baet., 
1914, 337; Pr^vot, Ann. Inst. Past., 67, 
1938, 77.) From large intestine of the 
horse. 

Injlahilis plngarum Prevot. (Baeillus 
S, Adamson, .lour. Path, and Bact., 32, 
1918-19, 373; Prevot, Ann. Inst. Past., 
67, 1938, 77.) From war wounds. 

Injlahilis pseuilo-perfringcns Prdvot. 
(Presumably Bacillus L, Adamson, Jour. 
Path, and Bact.,.^;?, 1918-19,372; Prevot, 
.Vnn. Inst. Pa.st., 61, 1938, 77.) From 
war wounds. 

Injlahilis selicnsis I’revot and Uav- 
naud. (Ann. Inst. Past., 70, 1944, .50.1 
From oysters. 

Martellillus proteolyticus Heller. (Or¬ 
ganism II, Hcmpl, Jour. Hyg., 17, 1918, 
16; Heller, Jour. Bact., 7, 1922, 26.) 
From muscle in human gaseous gangrene. 

MyerillussadowalloWar. (Jour. Bact., 
7,1922, 7; also Barney and Heller, Arch. 
Surg., 4, 1922, 477.) From a gangrenous 
human arm. 

Pectinobacter amylophilum Makronov. 
(.Arch. Sci. Biol. (Uuss.), 18, 1915, 441.) 
Stated by author to be anaerobic, but 
description does not make this evi¬ 
dent. From soil. 

Pleclridium cellulolyticuin Pochoii. 
(Compt. rend. Soc. Biol., Paris, 113, 
1933, 1325.) Isolated anaerobically, but 
not strictly anaerobic. From stomach of 
ruminants. 

Pleclridium pectinovoruin liqucjaciens 
Sjolandcr and McCoy. (Cent. f. Bakt., 
II Abt., 97, 1937, 315 and 322; probably 
identical with Amylobacier liquejaciens 
Ruschmann and Bavendamin, Cent. f. 
Bakt., II Abt., 64, 1937, 359.) From 
spontaneously retting plant tissues. 

Pleclridium snieszkoi Prevot. (Un¬ 
named anaerobic thermophilic cellulose- 


fermenting species, Snieszko, Cent. f. 
Bakt., II Abt., 88, 1933, 403; Vt6voI, 
Man. d. Class., etc., 1940, 15-1.) From 
soil and manure. 

Rccordillus fragilis Heller. (Jour. 
Bact., 7, 1922, 8 and 27.) From a liver 
infarct in a cow. 

Reglillus progrediens Heller. (Jour. 
Bact., 7,1922, 7; also Barney and Heller, 
.Arch. Surg., 4, 1922, 477.) From muscle 
of a gangrenous human arm. 

Roberlsonillus primus Heller. (Or¬ 
ganism I, Ilempl, Jour. Hyg., 17, 1918, 13; 
Heller, Jour. Bact., 7, 1922, 7.) From a 
gangrenous war wound of human maxilla. 

Slreptobacillus lerrae Ucke. (Cent. f. 
Bakt., I Abt.,?3,1898,1000.) From gar¬ 
den soil. 

Ttrminosporus raabi Pr6vot. (Un¬ 
named anaerobe of Raab, Jour. Amer. 
Water Works Assoc., 10, 1923, 1051; 
Pr6vot, Ann. Inst. Past., 61, 1938, 86). 
From Minneapolis city water. 

Terminosporus Ihermocellulolyticus 
Pochon. (Ann. Inst. Past., 68, 1942, 
354, 383 and 467.) Strict anaerobe. 
Optimum growth at 60° to 66°C. 

Tyrolhrix calenula Duclaux. (Du- 
claux, Ann. Inst. Nat. Agron., 4, 1882,23; 
Corni7ia calenula Trevisan, I generi e le 
specie delle Batteriacee, 1889, 22; Bacil- 
lus calenula Chester, Ann. Rept. Del, 
Col. Agr. Exp. Sta., 10, 1898,123.) Com¬ 
monly regarded as anaerobic, but not by 
Migula (Syst. d. Bakt., 2, 1900, 588). 
From cheese. 

Tyrolhrix clavijormis Duclaux. (Du¬ 
claux, Ann. Inst. Nat. Agron., 4, 1882,23; 
Pacinia clavijormis Trevisan, in lilt., 
quoted from DeToni and Trevisan, in 
Saccardo, Sylloge Fungorum, 8, 1889, 
1017; Bacterium clavijorme Migula, Syst. 
d. Bakt., 5,1900,322; Bacillus clavijormis 
Vincent, Ann. Inst. Past., 21, 1907, 70.) 
From cheese. 

Tyrolhrix urocephalum Duclaux. 
(Duclaux, Ann. Inst. Nat. Agron., 4, 
1882,23; Bacterium urocephalum Chester, 
Ann. Rept. Del. Col. Agr. Exp. Sta., W, 
1898, 123; Bacillus urocephalum Migula, 
Syst. d. Bakt., 2, 1900, 588.) 
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Appendix 11. The following organisms 
arc listed in the text as probable syno¬ 
nyms or possibly related species. They 
are cited here again in order to record the 
source of the original isolation. For 
convenience, they are listed alpha¬ 
betically under the names of the species 
to which such presumed relationship is 
ascribed. 

1. Clostridium butyricum Prazmow- 
ski. 

Amylobacter non liquefaciens Rusch- 
mann and Bavendamm. From retting 
plant tissues. 

Bacille amylozyme, Perdrix. From 
city water of Paris, and from the Seine 
River water. 

Bacillus amylobacter S and W Wert- 
heim. From soil and tissues of field 
plants. 

Bacillus butylicus Fitz. From glycerol 
solutions undergoing butylic fermenta¬ 
tion after inoculation with fresh cow 
feces. 

Bacillus holobutyricus Perdrix. From 
putrefying milk. 

Bacillus orthobuiylicus Grimbert. 
From soil, grains and from legumes. 

Bacillus saccharobutyricus von Klecki. 
From cheese. 

Bacterium navicula Reinke and Bert- 
hold. Observed and described from de¬ 
composing plant tissues. Not isolated 
in pure culture. 

Bactridium butyricum Chudiakow. 
Cited by Rothert, and source not stated 
by abstractor. 

Butylbacillus, Buchner. From gly- 
cerinated hay infusion. 

Clostridiujn butyricum {Bacillus amylo¬ 
bacter) I, II, III, Gruber. From sugar 
solutions undergoing butyric fermenta¬ 
tion. Source of inoculum not stated. 
(Ill is probably not strictly anaerobic.) 

Clostridium butyricum iodophilum 

Svartz. From human feces. 

Clostridium intermedium Donker. 

From retting flax. 

Clostridium polyfermenticum Partan- 
sky and Henry. From mud of streams 
and lakes and from soil. 


Clostridium saccharobutyricum Don¬ 
ker. From various farinaceous materials 
and from soil. 

Clostridium saccharopetum Partansky 
and Henry. From mud of streams and' 
lakes and from soil. 

Clostridium sacckarophilicum Partan¬ 
sky and Henry. From mud of streams 
and lakes and from soil. 

Clostridium saccharopostulalum Par¬ 
tansky and Henry. From mud of streams 
and lakes and from soil. 

Clostridium tyrobutyricum van Bey- 
num and Pette. From soil, water, milk, 
cheese and various farinaceous materials. 
Widely dispersed in nature. 

Ferment butyrique (Vibrion buty- 
rique) Pasteur. Cultivated and pre¬ 
sumably isolated from sugar solutions 
undergoing butyric fermentation after 
inoculation with yeast. Purity of cul¬ 
tures seriously questioned. 

Granulobacillus saccharobutyricus mo- 
bilis non-liquefaciens Schattenfroh and 
Grassberger. From milk and from soil. 

Granulobacter butylicurn Beijerinck. 
From fermenting grain mash and from 
soil. 

Granulobacter saccharobutyricum Bei¬ 
jerinck. From fermenting grain mash 
and from soil. 

Granulobacter saccharobutyricus immo¬ 
bile nonliquefaciens McCoy et al. Source 
of isolation not recorded. 

Pleciridium pectinovorum Stdrmer. 
From retting flax and hemp. Probably 
not strictly anaerobic. 

lb. Clostridium pasteurianlum Wino¬ 
gradsky. 

Bacillus azoticus, Bacillus dulcitojer- 
mentans. Bacillus inulofugus, Bacillus 
nonpentosus and Bacillus rhamnoUcus 
Bodily. Sourceof isolation not specified, 
other than from cultures received from 
various sources labeled C. pasteunanum. 

6. CIostrldlum''septlcum Ford. 

Bacillus tumefaciens Wilson.. From 
human gaseous gangrene. 
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BradsotbneilUis, Xielson. From tis¬ 
sues and organs of sheep dying of braxy. 

Walfischscptikamie Bacillus, Nielsen. 
From whales evidently dead of septicemia 
resulting from har|)oon wounds. 

9. Clostridium novyi Bergey et a!. 

Bacille neigeux, Jungano. From a hu¬ 
man case of fetid cystitis, from abscess 
of kidney, and from various perineal 
infections. 

Bacillus belloncnsis Saeciudp(5e. From 
human gaseous gangrene. 

Bacillus gigas Zeissler and Rassfeld. 
From tissues of a sheep dying of a braxy- 
like disease. 

Bacillus oedematiens Weinberg and 
Seguin. From human gaseous gangrene. 

Clostridium bubalorum Prdvot. Iso¬ 
lated, but not named, by Kraneveld from 
cases of osteomyelitis of the East Indian 
buffalo. 

Gasodembazillus, Aschoff. From hu¬ 
man gaseous edema resulting from war 
wounds. 

11. Clostridium acetobutylicum McCoy 
et al. 

Bacillus butylaceticum Freiberg. From 
grains, soil and natural waters. Widely 
distributed in nature. 

Bacillusbutylicus B. F.,R\ca.Td. From 
drains from slaughter houses. 

Bacillus saccharobutyricus liquefaciens 
McCoy et al. Source of isolation un¬ 
known; records only from the collection 
of the Dept. Agric. Bact. of the Univ. 
of Wis. Received from a commercial 
laboratory. 

Butylobacter belae Bakonyi. From 
beets {Bela vulgaris) contaminated with 
soil. 

Butylobacter sinense Bakonyi. From 
Jaffa oranges. 

Butylobacter solani Bakonyi. From 
German potatoes. 

Butylobacter zeae Bakonyi. From 
Hungarian maize. 

Clostridium butyricum {Prazmowski- 
Pike-Smyth) Pike and Smyth. From 
spontaneously fermenting corn meal 
mash. 


C lostridiuni invcrlo-acetobulylicum 
Fogg and Stiles. From soil and from 
plant materials in contact with soil. 

Clostridium proTpyl-butylicum Muller 
and Lcgg. From soil and from plant ma¬ 
terials in contact with soil. 

Clostridium saccharo-acctobutylicum 
Stiles and Legg. From soil ami from 
plant materials in contact with soil. 

Clostridium saccharo-acctobutylicum- 
alpha McCoy. From soil. 

Clostridium saccharo-acctobutylicum- 
beta .\rzberger. From soil, rotten wood, 
grain, cornstalks and river mud. 

Clostridium saccharo-acetobulylicum- 
gamma Arzberger. From soil, rotten 
wood, grain, corn stalks and river mud. 

Clostridium saccharobutyl-acetonicum 
D)ughlin. From potato; found in soil 
and on plant materials grown in or near 
soil. 

Clostridium saccharobulylicum-gamma 
Izsak and Funk. From rice. 

Clostridium saccharobutyl-isopropyl- 
acetonicum Loughlin, From potatoes, 
grains and other plant materials grown 
in or above soil. 

Clostridium (Bacillus) tetryliumO\\ei\f 
Mobley and .Arroyo. From soil and from 
roots of sugar cane. 

13. Clostridium sporogeoes Bergey 
et al. 

Bacillus putrijicus verrucosus Zeissler. 
From animals suffering from a Rausch- 
brandlike infection; later from gan¬ 
grenous war w'ounds. 

Bacillus saprogenes carnis Salus. 
From human feces by enrichment in 
meat mash medium. 

Bacillus sporogenes coagulans Debono. 
From normal human intestine. 

Paraplectrum foelidum Weigmann. 
From cheese and milk. 

Reading Bacillus, Donaldson and Joyce. 
From gangrenous human war wounds. 

20. Clostridium bifermentans Bergey 
et al. 

Bacillus ceutrosporogenes Hall. From 
a sterility test of tuberculin, from canned 
spinach and from garden soil. 
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liacillus liquefaciens magnus Luderitz. 
From mice and guinea pigs inoculated 
with garden soil. 

Bacillus noufermentans Hall and White- 
head. From poisoned African arrow¬ 
heads. 

Bacillus oedemalis sporogenes Sordelli. 
From human gaseous gangrene. 

Bacillus putrijicus tenuis Zeissler. 
From malignant edemaof various animals 
and from human gaseous gangrene. 

Bacillus sporogenes foeiidus Chouk^- 
vitch. From large intestine of horse. 

Clostridium foetidum Liborius. From 
mice inoculated with garden soil. 

Clostridium foetidum carnis Salus. 
From human feces by enrichment in 
meat mash medium. 

Clostridium oedematoides Meleney, 
Humphreys and Carp. From a case of 
human post-operative gaseous gangrene. 

24. Clostridium perfrlngens Holland. 

Bacille du rhumatisme, Achalme. Iso¬ 
lated by blood culture from human cases 
of acute articular rheumatism. 

Bacillus amylobacter immobilis Gratz 
and Vas. From Liptauer cheese. 

Bacillus cadaveris Sternberg. From 
liverand kidneyofaycllow fevercadaver. 

Bacillus cadaveris bulyricus Buday. 
From organs of human cadavers undergo¬ 
ing postmortem emphysema. 

Bacillus egens Stoddard. From muscle 
in a fatal case of human gaseous gangrene. 

Bacillus emphysematis maligni Wick- 
lein. From human gaseous gangrene. 

Bacillus emphysematis vaginae Linden- 
thal. From human kolpohyperplasia 
cystica or vaginitis emphysematosa. 

Bacillus multiformis Distaso. From 
feces of dog. 

Bacillus ovitoxicus Bennetts. From 
blood, tissues and organs of sheep in 
Australia dying of entero-toxemia. 

Bacillus paludis McEwen. From in¬ 
testines and viscera of sheep in the 
Romney Marsh in England suffering from 
a disease called struck. 

Bacillus perfringens Veillon and Zuber. 
Originally isolated from pus in human 


appendicitis; later from a variety of 
sources. 

Bacillus phlegmones emphysematosae 
Fraenkel. From human gaseous phleg¬ 
mons; later from a variety of related 
conditions of human beings and animals. 

Bacillus zoodysentriae hungaricus 
Detre. Isolated in Hungary from intes¬ 
tines of diarrheal pigs and Iambs. 

Clostridium perfringens var. anaero- 
genes Hauduroy et al. An unnamed cul¬ 
ture isolated by Grooten by blood culture 
from a fatal human septicemia. 

Granulobacillus saccharobuiyricus m- 
mobilis liquefaciens Schattenfroh and 
Grassberger. Originally isolated from 
market milk; later from cheese, soil, 
water, human and animal feces, and 
from various grain meals. 

29. Clostridium paraputrlficum Snyder. 

Bacillus innutritus Kleinschmidt. 
From stools of newborn infants. 

Plectridium fluxum Pr^vot. From 
feces of nursing newborn infants. 

Plectridium nonum Pr^vot. From em¬ 
physematous muscle of an amputated 
human arm. 

41. Clostridium lentoputrescens Hart 
sell and Rettger. 

Bacillus cadaveris sporogenes (anaero^- 
bicus) Klein. From normal intestines of 
man and animals. 

Bazillus radiatus Liidcritz. From 
mi?e and guinea pigs inoculated with 
garden soil. 

Bacillus teianoides (B) Adamson. 
From human septic and gangrenous war 
wounds. 

43. Clostridium tetanomorphum Her* 
gey et al. 

Bacillus fragilis Veillon and Zuber. 
From human cases of purulent appendi¬ 
citis. 

Bacillus ramosus Veillon and Zuber. 
From human cases of purulent appendici¬ 
tis and from pulmonary gangrene. 

45. Clostridium angulosum Hauduroy 
et al. 
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Bacillus angulosus Gamier and Simon. 
From blood of a child suffering from 
typhoid fever. 

61. Clostridium tertium Bergey et al. 
Bacillus acro-teriius Bulloch ct al. 


Isolated from gangrenous human war 
wounds. .'Stated to be aerobic. 

Bacillus gazogenes part us ChoukOvitch, 
From large intestine of horse. 

Bacillus spermoide Xinni. From soil. 
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Suborder II. CAULOBACTERIINEAE Breed, Murray, and Hitchens.* 

{Caulobacteriales Henrici and Johnson, Jour. Bact., 29, 1935, 3; ibid., SO, 1935, 83* 
Breed. Murray and Hitchens, Bact. Rev., 8 , 1944, 255.) 

Xon-filanientous, attached bacteria growing characteristically upon stalks, some¬ 
times sessile. The stalked cells arc asymmetrical in that gum, ferric hydroxide or 
other material is secreted from one side or one end of the cell to form the stalk. Mul¬ 
tiply by transverse fission. In some species the stalks are very short or absent. In 
the latter case the cells may be attached directly to the substrate in a zoogloeic mass. 
Cells occur singly, in pairs or short chains, never in filaments; not ensheathed. Non¬ 
spore-forming. Typically aquatic in habitat. 

Key to the families of suborder Caulobacterilneae. 

I. Long axis of cell transverse to long axis of stalk; stalks dichotomously branched 
.\. Stalks lobose, composed of gum, forming zoogloea-like colonies. 

Family I. Nevskiaceae, p. 830. 

B. Stalks are bands of ferric hydroxide. 

Family II. Gallionellaceae, p. 830. 

II. Long axis of cell coincides with axis of stalk. 

A. Reproducing by transverse fission, stalks unbranched. 

Family III. Caulobacleriaceae, p. 832. 

III. Sessile, capsulated colonies of cocci and short rods attached to water plants. 

A. Deposit of ferric hydroxide about a zoogloeic mass. 

Family IV. Siderocapsaceae, p. 833. 

As a result of discussions that have taken place since the fifth edition of the Man¬ 
ual was issued, certain readjustments have been made in the arrangement of the 
stalked bacteria. The organisms in all of the typical species are simple rigid bac¬ 
teria which are like ordinary bacteria except that they develop a stalk. For this 
reason the group has been made a suborder of the order Eubacieriales. 

Stanier and Van Niel (Jour. Bact., 4^, 1941,454) emphasize the fact that the family 
Pasteuriaceae includes species which reproduce by methods (longitudinal fission, 
budding) different from those found in other groups of bacteria, and Henrici and 
Johnson {loc. cit., 81) state that it is at least doubtful whether these species are 
phylogenetically related to the other stalked bacteria. While waiting for pure cul¬ 
ture studies and a clarification of these relationships, this family has been placed 
in an appendix to the suborder Caulobacteriineae. 

The family Siderocapsaceae has been included in the suborder as the absence of a 
stalk in attached forms is a natural modification. As stated by Cholodny (Die 
Eisenbakterien, Jena, 1926, 34-58), these bacteria are similar in morphology and 
physiology to those found in the family Gallionellaceae. This is an arrangement 
that retains all of the simple non-filamentous types of iron bacteria in one general 
group. 

The stalked bacteria studied by Henrici and Johnson {loc. cit.) were of fresh water 
origin. Bacteria of this type are found, however, equally if not more abundantly in 
marine habitats where they play their part in starting the fouling of underwater 
surfaces. ZoBell and Upham (Bull. Scripps Inst. Oceanography, La Jolla, Cali- 


* Completely revised by Prof. A. T. Henrici, University of Minnesota, Minneap* 
oils, Minnesota, December, 1938; further revision by Prof. Robert S. Breed, New 
York State Experiment Station, Geneva, New York, July, 1946. 
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fornia, 5,1944, 253) summarize this situation as follows: ‘'Many of the bacteria found 
in sea water are sessile or periphytic, growing preferentially or exclusively attaelud 
to solid surfaces. The sessile habit of marine bacteria is most pronounced when they 
are growing in very dilute nutrient solutions such as sea water to which nothing has 
been added. . . . Most sessile bacteria appear to attach them-felvei tenaciously to 
solid surfaces by exuding a mucilaginous holdfast. .V few have stalks. .Some of the 
sessile bacteria grow on the walls of the culture receptacle without clouding the 

medium its:'lf”. 

The emphasis placed on the presence of a stalk by Henrici and Johnson (loc. cil.) 
seems artificial. In fact it may be questioned whether more attachment by a hold¬ 
fast or otherwise is a character of fundamental importance from the taxonomic 
standpoint. Henrici and Johnson’s arrangement of these poorly known bacteria, 
however, has certain practical advantages and it lias tiierefore been retained in this 
edition of the M.xnual with such modifications as seem to be clearly indicated by 

the progress that has been made since their outline was publisherl. 

The submerged slide technique as employed by Henrici (Jour. Hact.. Je, l'J33, i} 
and by ZoBell and Allen (Proc. Soc. Exper. Biol, and Med., 30, 1033, 1400j has proved 
to be most useful for stmlying bacteria that live attached to a substrate. 
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FAMILY I. NEVSKIACEAE HENRICI .\ND JOHNSON. 

(Jour. Bact., S9, 1935, 4; ibid., 30, 1935, 83.) 

Stalked bacteria, the long axis of the rod-shaped cells being set at right angles to 
the axis of the stalk. Stalks lobose, dichotomously branched, composed of gum. 
Multiplication of cells by transverse binary fission. Growing in zoogloea-like masses 
in water or in sugar vats. 

There is a single genus Nevskia. 

Genus 1. Nevskia Faminlzin. 

(Bui. Acad. Imp. Sci., St. P^tersb., 34, N.S. 2, 1892, 484.) From the Neva River 
at St. Petersburg. 

Description as for the family. 

The type species is Nevskia ramosa Fainiutzin. 


1. Nevskia ramosa Famintzin. (Bui. 
Acad. Imp. Sci., St. Pdtersb., Ser. IV, 
34, N.S. 2, 1802, 484.1 From Latin ramo- 
sus, branched. 

Globular, bush.-like or plate-like col¬ 
onies of gummy consistency floating 
upon the surface of water. Colonies 
composed of gummy material arranged 
in dichotomously branched stalks arising 
from a common base, with the bacterial 
cells contained in the gum, a single cell 
at the tip of each stalk. .\t times cells 
arc set free from the stalks to start new 
colonies. 

Uo<l-shaped cells set with their long 
axis at right angles to the axis of the 
broad lobe-like stalk, ('ells 2 by 6 to 
12 microns, containing a number of 
highly refractile globules of fat or sulfur. 

Multiplication by binary fission. Not 
cultivated on artificial media. 

Source: I’roni the aquarium in the 
Botanical Garden, St. Petersburg. Sim¬ 
ilar but smaller organisms found by Hen- 
rici and Johnson (Jour. Bact., SO, 1935, 
63) in a jar of water from the lily pond 


of the University of Minnesota green¬ 
house in Minneapolis. 

Habitat: Water. 

2. Nevskia pediculata (Koch and Ho* 
saeus) Henrici and Johnson. {Bac- 
terium ptdiculalum Koch and Hosaeus, 
Cent. f. Bakt., 16, 1894, 225; Henrici 
and Johnson, Jour. Bact., SO, 1935, 83.) 
From Latin pediculus, diminutive of pes, 
foot. 

Composed of twisted, short, thick, 
sausage-like strands, often branched. 
These strands are stalks, composed of 
gum. 

The cells occur at the tips of the stalks 
and are smaller than those of Nevskia 
ramosa and are without internal globules. 
Not cultivated. 

This organism is very similar to, and 
may be identical with, the cultivated 
species described and named Belabac- 
terium vermijorme by Mayer (Das Tibj- 
Konsortium. Thesis, Utrecht, 1938). 
See p. 362. 

Source: Found growing in the .syrup 
of a sugar refinery as zoogloeae. 


FAMILY II. GALLIONELLACEAE HENRICI AND JOHNSON. 

(Jour. Bact., 29, 1935, 4; ibid., SO, 1935, 83.) 

Stalked bacteria, the long axis of the rod-shaped cells being set at right angles 
to the axis of the stalks. Stalks are slender, twisted bands, dichotomously branched, 
composed of ferric hydroxide, completely dissolving in dilute hydrochloric acid. 
Multiplication of cells by transverse binary fission. Grow in iron-bearing waters. 
There is a single genus Gallionella. 
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Genus I. Gallionella Ehrenberg. 

; not GaiUonella Bory de St. Vincent, 
Diet. Classique d’Hist. Xat., 4, 1823, 393; Gloeolila Kutzing. Phycologia Genen.lls, 
1843 , 245; Didymohelii Grifnth, .\nn. Mag. .Vat. Hist., Ser. 2, 12 , 1853 438- .S/nro- 
phyllum Ellis, Cent. f. Bakt., II Abt., 10 , 1907, 502; Nodafolium Ellis. Proc. Uov Soc 

Edinburgh, 28, Part 5, 1908, .339.) From an incorrect spelling of the algal genus 
name, GaiUonella. 

Description as for the family. 

The type species is GaiUonella ferruginea Ehrenberg. 


Key to Ike species of genus Gallionella. 

I. Cells kidney-shaped; stalks branched. 

A. Stalks slender, spirally twisted. 

1. Cells small, stalks very slender. 

1. GaiUonella ferruginea. 

2. Cells larger, stalks broader. 

2. Gallionella major. 

B. Stalks thick, not definitely in spirals. 

3. Gallionella rninor. 

II. Cells oval or round; stalks unbranchod. 

4. Gallionella corneola. 


1. Gallionella ferruginea Ehrenberg 
{Gain mella ferruginea Ehrenberg, Vorl 
Mittheil. u. d. wirkl. \’orkomtnonn fossi 
ler Infusionen u. ihre grosse Verbreitung 
Ann. Phys., Ser. 2, 8 , 183t), 217; Khren 
berg, Die Infusiomsthierchen, 1838, 165 
Melosira ochracea Kulfs, .\nn. an I Mag 
N'at. llis., Ser. I, 12, 1813, 351 (quote, 
from Buchanan, General Systematic 
Bacteriology, 1525, 353); Gheotila ferru 
ginea Kil'zing, Species .\lgarum, 1810 
363; DUymolielix ferrutfinea Griffith 
Ann. Mag. Nat. Hist., S.’r. 2, 12, 1851 
438; Gloeosphaera ferruginia Uabenhorst 
Alg. Mitlcleur., no. 387; He.lwigia, 
no. 9, 1854, 43; Melosira minulula Brcb. 
Alg, Fal., 6 , 42 (quote 1 from DeTon 
and Trevisan, see below); SpiruUn> 
ferruginea Kirchnor, .Vigen, Kryptogi 
monfbra v. Schle.sien, 2, 1, 1878, 25) 
Spirochacle ferruginea llansgirg, Oestr 
botan. Ztschr., no. 7-8, 1883, 5; Spirit 
turn ferrugineuin DeToni and Trevisan 
in S.iccarJo, Sylloge FungDrum, 8 , 1880 
1057; Cklamydothrix ferruginea Migula 
Syst. d. Bakt., 2, 190), 1031; Spiropkyt- 
lum ferrugineuin Ellis, Cent. f. Bakt., 


II Abt., 10 , 1907, 5')2; Spir/phy'.lum 
lenue, .\'oi >f(tUuni ferrujineu u, Spiro- 
sima ferrujinewn an 1 Spirosoma sole- 
niiilc Ellis, Proc, Roy. Soc. Edinburgh, 
28, Part 5, 1058, 341; also see C^nt. f. 
Bakt., II Abt., 23, 1910, 321; Gallionella 
taeniaia Endcrlein, Bakterien-Cyclo- 
geni?, Berlin and Leipzig, 1925. 252.) 
From Latin ferruginus, iron rust, 

Ki Iney shap.Hl bacteria, the cells 0.5 
by 1.2 microns, which secrete colloidal 
ferric hydroxide from the concave por¬ 
tion of the cell, forming ban i-like stalks. 
.\ rotatory motion of the cells giecs rise 
to a spiral twisting of tlie stalks. 

In the older studies, the stalks were 
described as the organism, the minute 
cells at the tip having been dislodged 
or at least overlooked. The cells lie 
at the tip of the stalk, and multiply by 
transverse binary fission. This gives 
rise to a dichotomous branching of the 
stalks. Stalks become very long and 
slcnler, with smooth edges. 

Not cultivated in artificial media. 

Habitat: Cool springs and brooks 
which carry reduced iron in solution. 
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2. Gallionella major C'holodny. (Trav. 
Stalioti. lUi Dtiicpre Acad, des 

Set. do rrkraino. Classo Sci. Phys. ct 
Math., 3, Livro 1. 1927.) From Latin 
iiiaj )r, larger. 

\ cry siniilar to (lailioiiclUi fci'i'tigincu, 
hut the celhs are distinctly larger (I by 
3 microns), and, some cells failing to 
diviile, reach a length of 7 nricrons or 
more. These form stalks of double the 
normal width. 

The cells contain one or more vacuoles, 
apparently filled with an iron compound. 

Source: Found in a spring in the Cau¬ 
casus. 

Habitat: Iron-bearing water. 

:i. Gallionella minor (’holodny. (Her. 
d. deutsch. Hot. Oes., 4^, 1924, :I5.) 
From Latin minor, smaller. 

Cells as in GallinneUa ferruginea, but 
stalks are shortqr, thicker, encrusted 
with nodules of iron and not definitely 
band-like or twisted. 

Habitat: Iron-bearing water. 

4. Gallionella corneola Dorff. (Die 
Eisenorganismen, Pflanzenforschung, 
Heft 16, 1934, 25.) From Latin enr- 
neolus, a little horn. 


Cells spherical or ellipsoidal, or len¬ 
ticular in cross section, 0.5 by 2.5 to 
3.0 microns. 

Stalks short, unbranched, not spirally 
twisted, completely dissolving in dilute 
hydrochloric acid. Stalks slender at 
the base, expanded at the tip, slightly 
curved, 15 to 30 microns long, attached 
to the substrate by a holdfast, 3 to 8 
stalks arising from a single holdfast. 

Habitat: Iron-bearing water. 


Appendix: Additional species of Galli' 
nnella have been described as follows: 
Gallionella glomerata described by 


Xaumann (Kungl. Svenska Vetenskaps- 
akad. Handl., I, 62, 1921, Part 4, 45) 
is not a valid species according to Cho* 
lodny (Die Eisenbakterien, Jena, 192C, 
40). From the Aneboda region, Sweden. 

Galliondla reliculosa Butkevich. (Ber. 
d. Wiss. Meeresinst. Moscow, S, 1928, 
58 and 80.) From the White Sea. 

Gallionella sideropous described by 
Xaumann (Kungl. Svenska Vetenskaps- 

akad. Handl., I, 62, 1921, Part 4, 33) 
is not a valid species, according to Cho- 
lodny (Die Eisenbakterien, Jena, 1926, 
39). From the Aneboda region, Sweden. 

Gallionella fortuosn Butkevich. (Ber. 
d. wiss. Meeresinst. Moscow', S, 1928. 
«nfl 79 1 From the Petschora Sea. 


FAMILY III. CAULOBACTERIACEAE HENRICI AND JOHNSON. 

(Jour. Bact., 29, 1935, 4; ibid., SO, 1935, 83.) 

• 

Stalked bacteria, the long axis of the elongated cells coinciding with the 
of the stalks. Stalks are slender, flagellum-like, often attached to the substra e 
a button-like holdfast, unbranched. Multiplication of cells by transverse ma 
fission. The outermost cell of a pair may form a stalk before cell division is c 
plete. Periphytic, growing upon submerged surfaces. 

There is a single genus Caulobacter. 

Genus I. Caulobacter Henrici and Johnson. 

(Jour. Bact., 29, 1935, 4; ibid., SO, 1935, 83.) From Latin caulis, stalk and baciet, 
a small rod. 

Description as for the family. 

The type species is Caulobacter vibrioides Henrici and Johnson. 

1. Caulobacter vibrioides Henrici and Cells elongated, 2 0 to 

Johnson. (Jour. Bact., 30, 1935, 84.) with rounded ends, 0.7 to 1.^ y 
From Latin, like a vibrio. 2.5 microns. 


FAMILY SIDEUOCAPSACERE 


833 


Growing upoil firm suhstratos in 

water. Not cuU.ivatcd on artificial 
• 

media. 

Habitat: Water. 

Appendix: Ilenrioi and Johnson {Jour. 
Bact., SO, 1935, 62) list the following ii.s 
possibly belonging in this genus: 

Bacillus fiagellalus Omcliansky. 
(Jour. Microbiol. (Russian), /, 1914, 24.) 
Probably the same as the organism de¬ 
scribed by Jones (Henrici and Johnson, 
loc. cit,, 62). 


Polar flagellate organism, Jones. 
(Cent. f. Bakt., II Abt., 74. lOOo, 4^.) 
Prom water and sewage. 

Vibrinlhrix Innsillaris Tunnieliff and 
Jackson. (TunniclilT and Jackson, Jour. 
Inf. Dis., 4^, 1930, 12; see Henrici and 
Johnson, loc. cil., 62.) From tonsil 
crypts. See p. 219 for a difTerent view¬ 
point regarding this species. 

Six additional types are figured i)ut 
not named by Henrici and Johnson 
{loc. cit., 84). 


FAMILY IV. SIDEIIOCAPSACEAE PRIBRAM. 

(Tribe Siderocapseae Buchanan, Jour. Bact., 2, 1915, 615; Pribram, Jour. Bact., 
18, 1929, 377.) 

Cells spherical or ovoid. Motile stages, if any, unknown. Not yet cultivated on 
artificial media. Thick capsules enclosing the cells become encrusted with ferric 
hydroxide. Attached to the surface of leaves and other parts of water plants. 


Key to the genera of family Siderocapsaceae. 


I. Cocci, occurring singly and in groups, and embedded in small irregular gelatinous 
masses. 


Genus 1. Siderocapsa, p. 833. 

II. Coccobacteria, occurring in chains, and embedded in large gelatinous masses. 

Genus II. Sideromonas, p. 8.34. 


Genus I. Siderocapsa Molisch. 

(Ann. Jard. Bot. Buitenzorg, 2 Sdr., Supp. 3, 1909, 29; also Die Eisenbakterien, 
Jena, 1910, 11.) From Greek sideros, iron and Latin capsa, box. 

One to many spherical to ovoid small cells embedded in a mass of capsular material 
surrounded by ferric hydroxide. Best recognized by staining with Schiff’s reagent. 
Motility unknown. Grow attached to the surface of water plants. 

The type species is Siderocapsa Ireubii Molisch. 


1. Siderocapsa treubii Molisch. (Ann. 
Jard. Bot. Buitenzorg, 2 S^r., Supp. 3, 
1909 , 29; also Die Eisenbakterien, Jena, 
1910, 11.) Named for Prof. Treub, the 
director of the tropical garden at Buiten¬ 
zorg, Java. 

Cocci: 0.4 to 0.6 micron in diameter 
embedded in zoogloeal masses sur¬ 
rounded by ferric hydroxide. 

Deposit ferric hydroxide on the sur¬ 
faces of water plants. 

Source: Found attached to the roots, 
root hairs and leaves of water plants 


(Elodea, Xymphaea, Sagiltaria, Salvinio, 
etc.). 

Habitat: Widely distributed, on fresh 
water plants. 

2. Siderocapsa major Molisch. (Ann. 
Jard. Bot. Buitenzorg, 2 S(:r., Supp. 3, 

1909, 29; also Die Eisenbakterien, Jena, 

1910, 13.) From Latin 7najor, larger. 
Cells colorless, coccus-like short rods, 

0.7 by 1.8 microns. A colony consists of 
2 to 100 or more cells. 

Similar to Siderocapsa Ireubii, except 
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that the cells arc larger and the gelatin¬ 
ous capsule is less shari)ly defined. 

Source: Isolated from Spiroyi/ra $p. 

Habitat: F.pijdiytic on fresh water 
plants. 

Appendix: Two additional species 
have been placeil in the genus Siflcro- 
capsa by later investigators: 


Sicicrncapsa coronata Redinger. 
(Arch. f. Hydrobiol., 22, 1931, 410.) 
From lake water. A free floating form. 

Siticrocapsa monoica Naumann. 
(Kungl. Svenska Vetenskapsakad. 
Hand!., I, 62, 1921, Part 4, 49; quoted 
from CholoJny, Die Eisenbakterien, 
Jena. 1926, 59.) Found on Potamogeton 
natnns in Sweden. Cells occur singly. 


Genus II. Sideromonas Cholodny. 

(Ber. d. dcutsch. Bot. Ges., 40,1922, 326; also Die Eisenbakterien, Jena, 1926,55.) 
From Greek sideros, iron and monas, a unit. 

Small cocci or coccobacteria which grow in chains in gelatinous masses containing 
ferric hydroxide attached to thread algae, generally of the genus Conferva. 

The type species is Sideromonas confervarum Cholodny. 


1. Sideromonas confervarum Cho¬ 
lodny. (Ber. d. deutsch. Bot. Ges., 40, 
1922, 326; also Die Eisenbakterien, Jena, 
1926, 55; Sidcrocystis confervarum Xau- 
mann, quoted from DorfT, Die Eisenor- 
ganismen, Pflanzenforschung, Heft 16, 
1934, 13.) From Latin, of the genus 
Conferva. 

Coccobacteria: 0.5 to 0.6 by 0.8 to 0.9 
micron, occurring in chains embedded 
in gelatinous masses, 10 to 103 microns 
in diameter. Chains become visible 
when the gelatinous mass is treated with 
formalin followed by dilute IlCI, washed 
in water, and stained with gentian violet 
or carbol fuchsin. No motility ob¬ 
served. 

Form deposits of ferric hydroxide in 
the gelatinous mass surrounding the 
bacteria. 

Source: Found on the surface of thread 
algae in water containing iron salts. 

Habitat: Widely distributed on fresh 
water green algae. 

Appendix: Additional species of simple, 
sessile, non-filamentous bacteria which 
cause deposits of ferric hydroxide have 
been described. The majority are rod- 
shaped bacteria ani resemble Sidero¬ 
monas. The list follows: 

Ferribaclerium calceum BrussofT. 


(Brussoff, Cent. f. Bakt., II .Abt., 4S, 
1918,208; Siderobacter calceum Naumann, 
Kungl. Svenska Vetenskapsakad. 
Hand!., I, 62, Part 4, 1921, 53 and 63; 
Bacillus calceus De Rossi, Microbiol. 
Agraria e Technica, Torino, 1927, 903.) 
From slime in drainage ditches at 
Aachen. 

Ferribaclerium duplex Brussoff. 
(Brussoff, Cent. f. Bakt., II Abt., 4S, 
1916, 547; Sideroderma duplex Naumann, 
Kungl. Svenska Vetenskapsakad, 

Handl., I, 62, Part 4, 1921, 53 and 63; 
Bacterium duplex De Rossi, Microbiol. 
-Agraria e Technica, Torino, 1927, 903.) 

non-motile, diplobacterium from wa¬ 
ter samples from Breslau (Schwentniger 
and Pirschamer). 

Naumanniella minor Dorff. (Die 
Eisenorganismen, Pflanzenforschung, 
Heft 16, 1934, 21.) From iron-bearing 
spring water at Worms (Rhein). 
Naumanniella neuslonica Dorff. (Die 

Eisenorganismen, Pflanzenforschung, 

Heft 16, 1934, 23.) From Neuston on 
Tuefelsee near Freienwalde. Dorff f,hc. 
cit.) indicates this species as the type 
for a new genus Naumanniella. 

Siderobacter duplex Naumann- 
(Kungl. Svenska Vetenskapsakad 

Hand!., I, 62, Part 4, 1921, 55.) From 
Aneboda region, Sweden. 
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Siderobactcr lineare Nauinann {loc. cit., 
55). From Aneboda region, Sweden. 
The type species of the genus Sideru- 
bacter. 

Sidcrococcus coin muni a DorlT. (Die 
Eisenorganismen, PHunzenforschung, 
Heft 16. 1934, 11.) Widely distributed 
in Germany, Finland, Russia, Sweden, 
Czechoslovakia and the S. A. 

Siderococcus liiru niticu^s Dorff {loc. 
cit.). Fcoin a bwainj) iron ore deposit. 
This is the type species of the genus 
Siderococcus Dorff {loc. cit.). 

Siderocystis duplex Xaumann. (Kungl. 
Svenska Vetenskapsakad. Hand!., I, 63, 
Part 4,1921,43.) From Aneboda region, 
Sweden. 

Siderocyslis minor Xaumann {loc. cit., 
43). From Aneboda region, Sweden. 

Siderocyslis vulgaris Xaumann {loc. 
ciL,42). From .Vneboda region, Sweden. 
The typo species of the genus Sidero- 
cyslis. 

Sideroderma limnelicum Xaumann. 


(Kungl. Svenska \'etenskapsakad. 
Ilaiidl.. I, 6^. Part 4, m\,^2-()chrvbium 
ledum Perhliev, \'erh. d. Internat. 
\ereinigung f. theoret. u. angow. Lim- 
nologie, 192.5, Stuttgart. 1927; quoted 
from DortT, Die Kii'-eiiorganismen, PHan- 
Z('nforscliung, Heft 16, 1931, 18.) From 
.\iH“b<ida region. Sweden. The ty})e 
species of the genus Sideroderma. Per- 
filiev regards this species as type for a 
new genus, Ochrohium. 

Sideroderma rcctangulan Xaumann 
{loc. cit., 5-1*. From .Vneboda region, 
Sweden. 

Siilerodermu (enuc Xaumann {loc. cit., 
.")!). From .\nebodu region, Sweden. 

Side.rolhece major Xaumann. (Kungl. 
Svenska V etenskapsakad. Handl., I, 62, 
Ikirt 4, 1921, 17.) From Aneboda region, 
Sweden. The type species of the genus 
Sidcrolhece. 

Sitlerolhece minor Xaumann {loc. cit., 
17). From .Vneboda region, Sweden. 
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APPENDIX TO SUBORDER CAULOBACTERIINEAE. 

The funiily Puatcuriaceac included among the stalked bacteria by Henrici and 
Johnson {loc. cit.) has been placed in this appendix as the organisms belonging to 
the genera Past^uria and Blasloraulis reproduce by methods of fission or budding, 
or both, that arc different from the methods of reproduction found in other bacteria. 
I'urthor information regarding the organisms in these genera is greatly needed. 

F.\M1LV e.\STEl RIACE.\E E.AI REXT EMEND. HENRICI AND JOHNSON. 

(Laurent, Compt. rend. Acad. Sci., Paris, 3, 1890, 754; Henrici and Johnson, Jour. 

Pact.. r>0. 1035, 8-L) 

Stalked bacteria with spherical or pear-shaped cells; if cells are elongated, long 
axis of cell coincides with axis of stalk. Stalks may be very short or absent, but when 
present arc usually very fine and at times arranged in whorls attached to a common 
holdfast. Cells multiply by longitudinal fission or by budding, or by both. Mostly 
periphytic, one species is parasitic. 

Key to the genera of family Pasteuriaceae. 

1. Stalks lacking, cells sessile. 

Genus I. Pasleuria, p. 836. 

II. Stalks long and slender, often in whorls. 

Genus II. BlasiocauliSy p. 836. 

Genus I. Pasteuria Metchnikoff. 

(Ann. Inst. Past., 2, 1888, 166.) Named for Louis Pasteur, the French chemist 
and bacteriologist. 

Pear-shaped cells attached to each other or to a firm substrate by holdfasts se¬ 
creted at the narrow end, multiplying by longitudinal fission and by budding of 
spherical or ovoid cells at the free end. 

The type species is Pasteuria ramosa Metchnikoff. 

1‘. Pasteuria ramosa Metchnikoff. longitudinal fission and by intracellular 

(Ann. Inst. Past., 2y 1888, 465.) From spores (?) which are extruded as bud-like 

Latin ramosus, branched. bodies. , . 

Cells grow attached to each other in Habitat: Parasitic in the body cavities 

caulifiower-Iike masses, multiplying by of Daphnia ptiJex &.nd Daphnia magna. 

Genus II. Blastocaulis Henrici and Johnson. 

(Jour. Bact., 30, 1935,84.) From Greek blastos, bud, germ and Latin caulis, stalk. 
Pear-shaped or globular ceils attached to a firm substrate by long slender sta s 
with a holdfast at the base. Stalks may occur singly or may arise in clusters from a 
common holdfast. Growing on firm substrates in fresh water. Not cultivate on 

artificial media. 

The type species is Blastocaulis sphaerica Henrici and Johnson. 

^ • 

1. Blastocaulis sphaerica Henrici and istically by budding, often 

Johnson. (Jour. Bact., 30, 1935, 84.) deeply at the free pole and faintly a 
From Latin spAae/'O, sphere. attached pole, 1 to 2 microns in dia 

Cells spherical, multiplying character- Habitat: Water. 
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Appendix: Henrici and Johnson (loc. 
cit., 84) figure but do not name four addi¬ 
tional types of these organisms whioli 
they regard as additional species belong¬ 
ing to this genus. 

Stanier and Van Kiel {Jour. Bact., 42 , 
1941, 454) regard the following as be¬ 
longing to this group: 

Hyphomicrobium vulgare Stutzer and 
Hartleb. (Saltpetcrpilz, Stutzer and 
Hartlcb, Cent. f. Bakt., II Abt., 
S, 1897, 621; Stutzer and Hart¬ 
leb, Untersuchungen tiber die bei dcr 
Bildung von Saltpeter beobachteten 
Mikroorganismon, I Abt. Mittheil. land* 
w'irtsch. Inst. Univ. Breslau, 1S98, ab.st. 
in Cent. f. Bakt., II .\bt., 5, 1899, 678.) 


From tap water and soil. The position 
of this organism in relation to other 
Schizomi/cctcs is very uncertain. It i.s 
regarded by Boltjes (Arch. f. Mikrobiol., 
7. 1936, 188) as an organism which may 
be transitional between Schizotnyceles 
aiid Phycomycctcs. The cells possess 
structures which appear to be polar fla¬ 
gella; but with dark field illumination 
show an attached thread of ultramicro- 
scopic size. Reproduction by cell divi¬ 
sion was not observed. Rossihly this 
may be by budding from the attached 
tliread. .Vssociated with XitrobacUr 
spp. This is the type species of the 
genus flyphoniicrohium Stutzer and 
Hartleb. 
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Si'BORDEu TIT. Rhodobacteriineae Breed, Murray and Httchens.* 

(Family Rhoflobacleriaceae Migula, Syst. d. Bakt., B, 1900, 1042; Breed, Murray 
and Hitchens. Bact. liev., S. 1944, 257.) 

Cells spherical, rod-, vibrio-, or spiral-shaped. Size of individual cells from less 
than 1 to over 20 microns. Motility, when exhibited, due to the presence of polar 
flagella. Gram-negative so far as known. No endospores formed. Red, purple, 
brown or green bacteria which contain bacteriochlorophyll or other chlorophyll-like 
green pigments, and usually also possess one or more carotenoid pigments. Capable of 
carrying out a photosynthetic metabolism which differs from that of green plants in 
that it does not proceed with the evolution of oxygen, and depends upon the presence 
of extraneous oxidizable compounds which arc dehydrogenated with the simultaneous 
reduction of carbon dioxide. As oxidizable substrates a variety of simple substances 
can be used, such as sulfide, or other reduced sulfur compounds, molecular hydrogen, 
alcohols, fatty acids, hydroxy- and keto-acids, etc. All can be grown in strictly 
anaerobic cultures when illuminated. Those members which can grow in the pres¬ 
ence of air can also be cultured in the dark under aerobic conditions. Color depends 
markedly on environmental conditions; small individuals appear colorless unless 
observed in masses. May contain sulfur globules. Described species have largely 
been found in fresh water habitats. Some species occur in marine habitats. 

Key to the families of suborder Rhodobacterllneae. 

I. Purple bacteria whose pigment system consists of bacteriochlorophyll and vari¬ 
ous carotenoids capable of carrying out a photosynthetic metabolism. 

vV. Contain sulfur globules in the presence of hydrogen sulfide. The sulfur purple 
bacteria. 

Family I. TkiorhodaceaCy p. 841. 

H. Do not contain sulfur globules even in the presence of hydrogen sulfide. All 
require organic growth factors. The non-sulfur purple and brown bacteria. 

Family II. Alhiorhodaceae, p. 861. 

II. Green sulfur bacteria containing a pigment system which has the characteristics 
of a chlorophyllous compound although it differs from the chlorophyll of green 

plants and from the bacteriochlorophyll of the purple bacteria. 

Family III. Chlorobacteriaceae, p. 869. 

The organisms previously included in the order Thiobacteriales Buchanan do not 
constitute a taxonomic entity; they represent rather a physiological-ecological com¬ 
munity. In this sense, however, a special treatment of this group as a unit has e 

cided advantages from a determinative point of view. • vf 1 

When first proposed as a systematic assemblage, the order Thiobaclena i ig * 
(Syst. d. Bakt.,2,1900,1039) was intended to include the morphologically conspicuous 
organisms which, in their natural habitat, contain globules of sulfur as cell inc usi^* 
Since Winogradsky (Beitr. z. Morph, u. Physiol, d. Bact., I, Schwefelbactenen, 
had elucidated the function of hydrogen sulfide and of sulfur in their meUbo ism, 
characteristic inclusions appeared linked with a hitherto unrecognize yp6 
physiology, viz. the oxidation of an inorganic substance instead of the 
of organic materials. From this oxidation the sulfur bacteria derive t eir en 

for maintenance and growth. _ 

• Completely revised by Prof. C. B. van Niel, Hopkins Marine Station, Pacific 
Grove, California, January, 1944. 
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Two groups of sulfur bacteria could be distinguished, one consisting of colorless, 
the other of red or purple organisms. The members of both groups presented an un¬ 
usual morphology apart from the sulfur droplets; in all cases the individual cells 
were considerably larger than those of the common bacteria, while many species 
grew as distinctive colonial aggregates. Migula separated these sulfur bacteria into 
two families, Bc£fffia/oaceae and Rhodobac(eriaceae. Even at that time, however, 
some difficulties existed as to just what organisms should properly bo considered as 
sulfur bacteria. Miyoshi (Jour. Coll. Sci., Imp. Univ., Tokyo, 10, 1S!)7, U3) had 
discovered a bacterium which forms stringers, incrusted with sulfur, in sulfur springs, 
but which does not store sulfur globules in its cells. Although physiologically this 
organism appeared to comply with Winogradsky’s concept of a sulfur bacterium, the 
absence of the typical cell inclusions made Miyoshi decide it could not be considered 
as such. The problem was aggravated when Xalhansohn, Bcijerinck, and Jacobsen 
published their studies on small, colorless, Pseudomonas-\ike bacteria capable of 
oxidizing hydrogen sulfide, sulfur, and thiosulfate, and evidently dependent upon 
this oxidation process for their development. Morphologically these organisms 
have little in common with the Beggialoaceac, they were designated by lieijerinck as 
species of Thiobacillus and have since been rightly considered as members of the order 
Eubacteriales (see p. 78). Nevertheless, these organisms are physiologically in no 
way different from the Beggiatoaceae, so that if physiology only is considered, a good 
case could be made out for their incorporation in the Thiobacteriales. 

Furthermore, Moliscb (Die Purpurbakterien, Jena, 1907,95 pp.) described in some 
detail a number of bacterial species which, in view of their characteristic pigment 
system, appeared closely related to the lihodobacteriaceae, but which develop only 
in organic media and are, therefore, not sulfur bacteria in the sense of Winogradsky 
or Migula. In stressing the importance of pigmentation Molisch combined the rcc 
sulfur bacteria and the newly discovered purple bacteria into an order lihudobacleria 
with the two families Thiorhodaceae and Aihiorhodaccae. It is this grouping that 
has been followed in the present edition of the Man'ual. 

Only a very small number of typical sulfur bacteria have been studied in pure 
cultures. As a result the descriptions of genera and species rest mainly on observa¬ 
tions made with collections from natural sources or crude cultures. Most investi¬ 
gators have implicitly accepted differences in ceil size or in colonial appearance as 
a sufficient justification for establishing independent species. Evidently this proce¬ 
dure presupposes a considerable degree of constancy of such characteristics in the 
organisms in question. It is true that Winogradsky’s investigations have provided 
a reasonable basis for this belief, but later studies with pure cultures of certain purple 
bacteria have established beyond a doubt that environmental conditions, such as 
composition of the medium and temperature, may exert a profound influence on the 
general morphology of these organisms. By this, it is not intended to infer that tlie 
previously proposed genera and species of sulfur bacteria should be abandoned. But 
it does follow that a cautious evaluation of the distinguishing features is necessary. 
In the absence of carefully conducted investigations on morphological constancy and 
variability of most of the previously recognized species of sulfur bacteiia with pure 
cultures grown under a variety of externa! conditions, the best approach appears to 
be a tentative arrangement of these organisms based upon those characteristics which 
are readily ascertainable. Experience with this group over the past twenty years 
has shown that, while Winogradsky’s fundamental work must remain the foundation 
of present taxonomic efforts, it is advisable to simplify the much more elaborate 
classification developed by Buchanan which was followed in previous editions of this 
Manual. 
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Certain gonora of sulfur purple bacteria, created by Winogradsky, will very prob¬ 
ably be consolidated when detailed information concerning the morphology of the 
organisms is available. Until such time it seems, however, best to retain most of 
them, even tliough tiie distinguishing characteristics are not always very clear. For 
the benefit of those who arc familiar with previous methods of classification it will 
be indicated where deviations have been adopted. 

The non-sulfur purple bacteria {Alhiorhoflaceae Molisch; Rhodobacterioideae 
Huchanan) have been subjected to a comparative morphological and physiological 
study comprising more than 150 strains, among which all previously proposed genera 
and species are represented (\ an Xiel, Bact. Hev., 8, 194-f, 1-llS). It has bcenfound 
that the characteristics upon which Molisch based the seven genera of this group are 
inadequate, and a new classification with only two distinguishable genera has been 
proposed. Tliis system will be followed here. 

Nadson (Bull. Jard. Imper. Bot., St. Petersburg, 12, 1912,64) described a new type 
of small, green bacteria, not containing sulfur globules in the presence of hydrogen 
sulfide, but excreting elementary sulfur. These appear incapable of oxidizing sulfur 
compounds other than sulfides. They are photosynthetic and are capable of growing 
in anaerobic culture when illuminated. The green pigment differs from the green 
plant chlorophylls and from the bacteriochlorophyll of the purple bacteria, but has 
the characteristics of a chlorophyllous compound. These are grouped in the family 
Chlurobaclcriaceae. 
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FAMILY I. THIOKHODACEAE MOLISCH. 

(iMolisch, Die Purpurbakterien, Jena, 1907, 27; Subfamily Ch romatioidcae Bu¬ 
chanan, Jour. Bact., J, 1918, 464; Rhodo~l hiobacleria Bavendamm, Die fari)losen 
und roten Schwefelbacterien, Pflanzenforschung, Heft 2, 1924. 102; lihodothiobac^ 
teria Bavendamm, Ergeb. Biol., 13, 193C, 49.) 

Unicellular organisms, often developing as cell aggregates or families of variable 
size and shape. Single ceils have the form of spheres, ovoids, short rods, vibrios, 
spirals, long rods or, occasionally, chains. They occur in nature in environments 
containing sulfides and require light for their development; infra-red irradiation of 
a wave-length extending to about 900 millimicrons is effective. They produce a pig¬ 
ment system composed of green bactcriochlorophyll, and yellow and red carotenoids. 
As a result they appear as pale purple, brownish to deep red cell masses. Single 
cells, unless they are of considerable size, usually appear to be unpigmented. Those 
are anaerobic or microaerophilic organisms, with a photosynthetic metabolism in 
which carbon dioxide is reduced with the aid of special hydrogen donors without the 
liberation of molecular oxygen. Where these organisms are found in nature, hydro¬ 
gen sulfide acts as a hydrogen donor, and sulfur, the first intermediate oxidation 
product, accumulates as sulfur droplets in the cells. Probably all members of the 
group can utilize a number of organic substances other than hydrogen sulfide as hy¬ 
drogen donors for photosynthesis. Thus they arc potentially mixotrophic. 

Characterization of the genera in this group has since Winogradsky’s studies 
(Beitrage zur Morphologic und Physiologic der Schwefelbacterien. Leipzig, 1888) 
been based upon the mode of development of the cell aggregates. I’ure culture 
studies (Bavendamm, Die farblosen und roten Bakterien, I. Schwefelbakterien, 
Pflanzenforschung, Heft 2, 1924, 74 pp.; van Xiel, Arch. f. Mikrobiol.. 3, 1931, 1-112; 
Manten, Antonie van Leeuwenhoek. 8 , 1942. 164 pp.) have since shown that not only 
the sequence of events in the formation of the aggregates but also the appearance 
and form of the latter even including the size and shape of the component cells are 
influenced to a considerable extent by environmental conditions. This obviously 
casts doubt upon the usefulness of the previously used diagnostic criteria for genera 
and species. On the other hand, the scope of pure culture studies has not yet at¬ 
tained sufficient breadth to warrant the use of a different approach. A.s a provi¬ 
sional measure, Winogradsky’s genera arc therefore maitjtained. Even the larger 
taxonomic units must be regarded as being of tentative value only. 


Key to Ihe (jenera of the family Thiorhodaceae. 


I. Cells usually combined into aggregates. 

A. Cells grouped as regular sarcina packets. 

Genus I. Thiomreina, p. H42. 


B. Cells not in sarcina packets. 

1. Aggregates in the form of a flat sheet. 

a. Cells in regular arrangement, with tetrads as the common structural 
unit. 


Genus II. Thiopedia, p. 813. 

au. Cells in irregular aggregates. 

Genus III. Thiocapm, p. 844. 
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II. 


2. Aggregates in the form of three-dimensional masses. 

a. Cells distinctly rod-shaped, and arranged in a net-like structure. 

Genus IV. Thiodictyon, p. 845. 

aa. Cells not so arranged. 

b. Cells in a common capsule, individuals rather scattered and 
loosely grouped. 

Genus V. Thwthece, p. 846. 

l)b. Cells in rather dense clumps. 

c. Aggregates embedded in conspicuous common slime capsule^ 

d. Aggregates small, compact, often several of them enc ose 
together in a common capsule. 

Genus VI. Thiocystis, p. 846. 
dd. Aggregates large and solid, later break up into snia 

clusters. 

Genus VII. Lamprucystis, p. 847. 

cc. Common capsule lacking or very transient. 

d. .Xggregates as a whole exhibit amoeboid movenien s. 

Genus VIII. Amoebobaefer, p. SAS. 
dd. Aggregates devoid of amoeboid movements. 

Genus IX. Thiopolycoccus, p. SbO. 

Cells usually occurring singly. 

A. Cells clearly spiral-shaped. 

Genus X. Thiospirillum, p. 851). 

B. Cells not spiral-shaped. and 

1. Cells irregular, often swollen, distorted, or composed of long, cro 

bent rods to filaments. 

Genus XI. Rhabdomonas, p. 8od. 

2. Cells regular, spherical to short rods or bean-shaped. ^ 

a. Cells spherical, as a rule non-motile, and each one surroun 

rather wide capsule. 

Genus XII. Rhodothece, p. 856. 

Cells ellipsoidal, ovoid, short rods or vibrios, actively motile. 

Genus XIII. ChromaUum, p. 800. 


aa 


Genus I. Thlosarclna Winogradsky. 

tWinogradsky. Zur Morphologie und Phyaiologie «. 

terien, Leipzig, 18S8, 104; Rhodosarcina Orla-Jerusen, Cent. f. m 
1909 344' Rkodothiosarcina Ellis, Sulphur Bacteria, London 

163.) From Greek theion, sulfur and Latin sareina, '^,,i„a-shape, re- 

Individual cells spherical, forming regular cubica^ Packets commonly 

suiting from consecutive division in three perpendmular p a ■ Contain bac- 

containing 8 to 64 cells. Alotility infrequent. . ourpfish to red. Ca- 

teriochlorophyll and carotenoid pigments, hence, ^ ^ of hydrogen sul* 

pable of carrying out a photosynthetic metabolism in the p 
fide, cells then store sulfur globules. Anaerobic. , . 

The type species is Thiosarcina rosea (Schrocter) Winogradsky. 

1. Thlosarclna rosea (Schroeter) Win- "*^887**576; Winograd- 

ogradsky. {Sarcina rosea Schroeter, s^, Bot ^ Physiologic 

Kryptog. Flora vou Schlesien, 5, 1, sky, /ur Morj gi 
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der Schwefelbactericii, Leipzig, 1SS8, 
104; Rhodothiosarcina rosea Ellis, Sul¬ 
phur Bacteria, London and New "Vork, 
1932, 163.) From Latin rosens, rosc- 
colored. 

Cells spherical, 2 to 3 microns in diam¬ 
eter, occurring in packets containing 
8 to 04 cells. Infrequent motility. 
Color ranging from purplish-rose to 
nearly black. 


Anaerobic. 

Habitat: Mud and stagnant bodies of 
water containing hydrogen sulfide and 
exposed to light; sulfur springs. 

Distribution: Probably ubiquitous. 
One of the less frequent among the pur¬ 
ple sulfur bacteria. 

Illustration: issatchenko, llecherches 
sur les microbes de Poc6an glacial arc- 
tique, Petrograd, 1014, Plate 11, fig. 5. 


Genus II. Thiopedia Winogradsky. 

(Zur Morphologic und Physiologic der Bacterien, I. Schwefelbacterien, Leipzig, 

1888,85.) From Greek (Acion sulfur and pedion, plane. 

Individual cells spherical to short rod-shaped, the latter shortly before cell divi¬ 
sion. Arranged in flat sheets with typical tetrads as the structural units. These 
arise from divisions of the cells in two perpendicular directions. Cell aggregates of 
various sizes, ranging from single tetrads to large sheets composed of thousands o 
cells. Motility infrequent. Non-spore-forming. Contain bacteriochlorophyll and 
carotenoid pigments. Capable of photosynthesis in the presence of hydrogen sul¬ 
fide, and then storing sulfur globules. Anaerobic. 

The type species is Thiopedia rosea Winogradsky. 


1. Thiopedia rosea Winogradsky. 

{Erythroconis liitoralis Oerstedt, Na- 
turhist. Tidskrift, 5, 1840-1841, 555; 

Merismopedia littoralis Rabenhorst, 
Flora Europaea Algarum, Leipzig, S, 
1865, 57; Winogradsky, Zur Morphologic 
und Physiologic der Schwefelbacterien, 
I.eipzig, 1888, 85; Pediococcus roseus 
Trevisan, I generi o le specie delle Bat- 
teriacee, Milan, 1889, 28; Lampropedia 
rosea DeToni and Trevisan, in SaccarJo, 
Sylloge Fungorum, 8 , 1889, 1049; Piano- 
coccus roseus Migula, in Engler and 
Prantl, Die natQrlichen Pflanzenfaini- 
licn, 1, la, 1895,19.) From Latin roseus, 
rose-colored. 

Size: 1 to 2 microns, often appearing 
as slightly elongated cocci regularly 
arranged in platelets. Color, pale red 
to nearly black, depending upon the 
amount of sulfur stored. R^d color 
visible only with large cell masses, not 
in individuals. 

According to Winogradsky, the cells 
are often embedded in a common 8lim3 
capsule; the extensive studies of Uter- 
mfihl (Archiv f. HydrobioL, SuppL VoL 


6, 1925, 251-276) make the regular occur¬ 
rence of such capsules extremely doubt¬ 
ful. On the other hand, I’termohl em¬ 
phasizes as quite characteristic the 
common pre.sence of a relatively large 
pseudovacuole, or aerosome, in llie cells 
of this species encountered in plankton 
samples. Winogradsky does not men¬ 
tion this; nevertheless, it appears to be 
a regular and valuable distinguishing 
feature. 

.\naerobic. 

Habitat: Mud and stagnant bodies of 
fresh, brackish and salt water containing 
hydrogen sulfide and exposed to light; 
sulfur springs. 

Distribution: Ubiquitous. Common, 
frequently giving rise to very extensive 

mass developments. 

Illustrations: Warming, Videnskab. 
Meddel. naturhist. Forening, Kjoben- 
havn, 1876, Plate VIII, fig. 2; Winograd¬ 
sky, loc. ciL, Plate HI, fig. 18; Prings- 
heim, Naturwissensch., BO, 1932, 481, the 
last one a truly excellent photomicro¬ 
graph. 
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Appendix: The following genus was formerly placed near Thiopedia. Winograd¬ 
sky, Migula. K. F. Smith and others disregard this genus. A record is included here 
because of its historic interest. 

Genus A. Lampropcdia Schroeter. 

{Schroeter, in Cohn, Kryptog. Flora v. Schlesien, 3, 1, 1836, 151.) From Greek 
larnpros, l)right and pedion, plane. 

Trevisan (I generi e le specie dclle Halteriacee, 1889, 28) and DeToni and Trevisan 
(in Saccardo, Syllogc Fungorum, 8 , 1880. 1048) list as synonyms: Erylhroconis Oer¬ 
sted, Xaturhistorisk Tidsskrift. 2, 1840 , 555; in part, Pediococcus Lindner, Inaug. 
Diss., Berlin, 1SS7, 97; Thiopedia Winogradsky, Schwefelbacterien, Leipzig, 1888, 85. 

Cells united into tetrads, forming flat, tubular masses, contain sulfur globules 
and bacteriochlorophyll and yellow and red carotenoids. 

The type species is Lampropedia hyalina (Ehrenberg) Schroeter. 


1. Lampropcdia hyalina (Ehrenberg) 
Schroeter. {Goniuni hyalinum Ehren¬ 
berg, Abhandl. d. Berl. Akad., 1830; 
^[erismnpcdia hyalina Ktilzing, Species 
Algarum, 1849; Sarcina hyalina Winter, 
in Rabenhorst, Kryptogamen-Flora, 2 
Aufl., i, 1884, ol; Schroeter, in Cohn, 
Kryptogram. Flora v. Schlesien, 3, 1, 
1886,151; Pediococcus hyalinus Trevisan, 
I generi c Ic specie delle Batteriacee, 
1889, 28; Micrococcus kyalinus Migula, 
Syst. d. Bakt., 2, 1900, 195.) From 
swamp water and decomposing materials 
from sugar refineries. 

2. Lampropedia reilenbachii (Caspary) 
DeToni and Trevisan. Olerismopedium 
reitenhachii Caspar)', Schriften d. phy- 
sik. okon. Gcscllsch. zu Konigsberg, 15, 
1874, 104; Sarcina reitenhachii Winter, 
in Rabenhorst, Kryptogamen-Flora, 2 
Aufl., 1, 1884, 50; Pediococcus reichen- 
bachii (sic) Trevisan, I generi e le specie 
delle Batteriacee, 1889, 28; DeToni and 


Trevisan, in Saccardo, Sylloge Fungo- 
rum, 8 , 1889, 1048.) Found on rotting 
water-plants. 

3. Lampropedia violacca (Breb.) De¬ 
Toni and Trevisan. {Agmcnellum viola- 
ceum Breb., quoted from DeToni and 
Trevisan, in Saccardo, Sylloge Fungo¬ 
rum, 8 , 1889, 1049; Merismopcdiaviolacea 
Ktitzing, Species Algarum, 1849, 472; 
Pediococcus violaceus Trevisan, I generi 
e le specie delle Batteriacee, 1889, 28; 
DeToni and Trevisan, loc. cii-, 1048.) 
FTom stagnant water. Common. 

4. Lampropedia ochracea (Metten- 
heimer)'DeToni and Trevisan. (.1/^ris- 
mopedia ochracea Mettenheimer, Ab¬ 
handl. d. Senkemberg. naturforsch. 

Gesellsch. in Frankf., 2, 1856-58, 41, 
DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8 , 1889, 1049.) From 
the yellowish slime from a well at Frank¬ 
furt. 


Genus III. Thlocapsa Winogradsky. 

(Schwefelbacterien, Leipzig, 1888, 84.) From Greek theion, sulfur and Latin 
capsa, container, capsule. _ 

Cells spherical, occurring in families of irregularly arranged individuals he 
together in a common slime capsule. The aggregates are spread out flat on the su 
etrate. Motility not observed. As the colony grows, the capsule bursts, and t e 
cells are spread apart. General morphology and development thus appears si mi a 
to that in the genus Apkanocapsa among the blue-green algae. Contain bacterio^ 
chlorophyll and carotenoid pigments; capable of photosynthesis in the presence 
hydrogen sulfide. Under such conditions sulfur is stored in the form of globu es m 
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the cells. This genus is so much like Tkiolkecc that it is doubtful whether a distinc¬ 
tion can be maintained. 

The type species is Thiocapsa roseopersicina Winogradsky. 


Key to the species of genus Thiocapsa. 

I. Individual cells about 3 microns in diameter. 

1. Thiocapsa roseopersicina. 

U. Individual cells about 1.5 microns in diameter. 

2. Thiocapsa floridana. 


1. Thiocapsa roseopersicina Winograd¬ 
sky. (Schwefelbacterien, Leipzig, 1888, 
84.) From Latin roseus, rose-colored 
and persicumf peach; M.L., peach- 
colored. 

Cells; Spherical, 2.5 to 3 microns in 
diameter, occurring in families of irregu¬ 
larly arranged individuals held together 
in a common slime capsule. Motility 
not observed. Usually a distinct rose- 
red. Stored sulfur droplets may attain 

a considerable size. 

Habitat: Mud and stagnant bodies of 
water containing hydrogen sulfide and 
exposed to light; sulfur springs. 

Illustration; Winogradsky, loc. cit., 

Plate IV, fig. 15. 

2. Thiocapsa floridana Uphof. (Uphof, 


Arch. f. Hydrobiol., 18, 1927, 84; Thio¬ 
capsa minima Issatchenko, Borodin Ju¬ 
bilee Volume, p. 6, 1929?.) From the 
locality, Florida, where the organism 
was first found. 

Cells: Spherical. About 1.5 microns 
in diameter. In groups of irregular 
colonies, each surrounded by a common 
capsule, several colonies being stuck 
together. Motility not observed. 

Source: Palm Springs, Florida and 
Lake Sakskoje, near Eupatoria, Crimea. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. Probably ubiqui¬ 
tous. 

Illustration: Uphof, loc. ciL, S3, 

fig- VI. 


Genus IV. Thlodictyon Winogradsky. 


(Winogradsky, Schwefelbacterien, Leipzig, 1888, 80; flAododiciyon Orla-Jensen, 
iwmograa y, jggg 334 ) From Greek (Aeron, sulfur and didyon, net. 

r u rod shaned frefuentw with pointed ends, somewhat resembling spindles. 

tore somewhat reminiscent of the shape of the green alga Hydrod,clyon. The shape 
iure, 8omew ,, also form more compact masses. Sometimes groups of 

not constan ; ® "'“b^ active movements. Common gelatinous 

SuTe^not observed Contain baeterioehlorophyll and carotenoid pigments; cells 
usraS very fitly colored. Capable of photosynthes.s m the presence of hydrogen 

sulfide; the cells then store sulfur as small globules. 

The type species is Thiodictyon elegans Winogradsky. 


1, Thlodictyon elegans Winogradsky. 
(Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888, 80; Thiodictyon minus Issat¬ 
chenko, Recherches sur les microbes de 
Poedan glacial arctique, Petrograd, 1914, 
251.) From Latin elegans, tasteful, 

elegant. 

Rods: 1.6 to 1.7 by 2.5 to 6 microns; or 


longer just prior to cell division. Usu¬ 
ally contain a large pseudovacuole 
(aerosome), leaving a rather thin proto¬ 
plasmic sheath along the cell wall. 

Sulfur droplets; Generally quite small, 
and deposited exclusively in the thin 
protoplasmic layer. 
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Isaatchenko (fitudes microbiologiques 
dcs Lacs dc Boue, Leaingrad, 1027, 113- 
114) recognizes a forma minus and a 
forma magna, differentiated mainly by 
the size of the individual rods. 


Habitat; Mud and stagnant water, con¬ 
taining hydrogen sulfide, and exposed 
to light; sulfur springs. 

Illustrations: Winogradsky, he. cit., 
Plate in. fig. 1.3-17. 


Genus V. Thiothece Winogradsky. 

ft 

(Winogradsky, Schwefelbacterien, Leipzig, 18S8, 82; T’/iiosp/ioeraiMiyoshi, Jour. 
Coll. Sci., Imp. Univ. Tokyo. Japan, 10, 1807, 170.) From Greek theion, sulfur and 
theke, container. 

Purple sulfur bacteria which, in their growth characteristics, resemble the blue- 
green alga Aphanothece. Cells spherical to relatively long cylindrical-ellipsoidal, 
embedded in a gelatinous capsule of considerable dimensions. Following cell divi¬ 
sion the daughter cells continue to secrete mucus which causes the individual bac¬ 
teria to remain clearly separated by an appreciable distance; the common capsule 
thus appears only loosely filled. The cells may become actively motile and separate 
themselves from the colony. Such swarmers closely resemble the cells of certain 

species of Chromatium. Contain bacteriochlorophyll and carotenoid pigments. Ca¬ 
pable of photosynthesis in the presence of hydrogen sulfide, producing elementary 
sulfur as an intermediate oxidation product which is stored as sulfur globules inside 
the cells. 

The type species is Thiothece gelaiinosa Winogradsky. 


1. Thiothece gelatinosa Winogradsky. 
(Winogradsky, Schwefelbacterien, Leip¬ 
zig, 1888 , 82; Thiosphaera gelaiinosa 
Miyoshi, Jour. Coll. Sci., Imp. Univ. 
Tokyo, Japan, 10, 1897, 170; Lampro- 
cystis gelatinosa Migula, Syst. d. Bakt., 
2, 1900, 1044; Chromatium sphaeroides 
Hama, Jour. Sci. Hiroshima Univ., Ser. 
B, Div. 2, Bot., 1, 1933, 158.) From - 
Latin gelalio, freezing, indicating solidi¬ 
fication or clumping. 

Cells: 4 to 6 by 4 to 7 microns, spherical 


to cylindrical. Color of indiv'idual cells, 
faint, often grayish-violet, or even dirty 
yellowish. Sulfur globules usually de¬ 
posited in outermost layers of proto¬ 
plasm, and generally small. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 

light; sulfur springs. 

Illustrations: Winogradsky, he. cil., 
PI. Ill, fig. 9-12; Miyoshi, he. cit., Fl- 

XIV, fig. 25. 


Genus VI. Thiocystls Winogradsky. 

(Schwefelbacterien, Leipzig, 1888,60.) From Greek Iheion. sulfur and kustis, sac, 
tjl&ddcr* - V • V Ka ir)os6ly 

Purple sulfur bacteria which form compact colonies, many of which m 

embedded in a common gelatinous capsule. Individual cells out 

often diplococcus-shaped. Colonies may emerge as more or less large 
of the common capsule and break up afterwards, sometimes into . „tiie 

or the aggregates may split up inside the original capsule, and 

units or single swarmers. In pure cultures frequently developing as s K 

diplococci. Produce bacteriochlorophyll and carotenoid pigmcn , . en 

coll masses purplish to red. Capable of photosynthesis in t e j product 

sulfide, whereby elementary sulfur is formed as an intermediate oxida P 

which is deposited as droplets inside the cells. 
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The type species is Thiocysiis violacca Winogradsky. 

Key to the species of genus Thiocystis. 

I. Individual cells more than 2 microns in width. 

1. Thiocystis violacea. 

II. Individual cells about 1 micron or less in width. 

2. Thiocysiis rufa. 


1. Thiocystis violacea Winogradsky. 
(Winogradsky, Schwefelbactorien, Lci|)- 
zig, 1888, 65; Phinosarcina riofacea 
Migula, in Rnglcr and Prantl, Dio na* 
tiirl. Pflunzenfamilien, 1, la, 1895, 20.) 
From Latin viidnccis, violet-colored. 

Cells: Al>out 2.5 to 5.5 microns in 
diameter, spherical t«> ovoid. Swarmers 
actively motile by means of polar fla¬ 
gella. 

Colonies: Small, inside a coniinon cap¬ 
sule, containing not over 30 cells. Sev¬ 
eral such colonies form loosely arranged 
aggregates, most characteristically com¬ 
posed of about 10 to 20 colonies in a single 
capsule. The result is a nearly spherical 
zoogloea. In small colonies, the cells 
appear as rather distinct tetrads; in 
larger colonies, the cells become some¬ 
what compressed and the tetrad-like 
arrangement may be lost. 

In pure cultures, the species often fails 
to produce the characteristic capsules; 
the organisms then occur as actively 
motile single cells or diplococci, with 


little or no slime formation. No pseudo- 
capsules are formed. 

Habitat: Mud asid stagnant water con¬ 
taining hydrogen sulKde and exposed to 
light; sulfur springs. 

Illustrations: Zopf, Zur Morphologic 
dcr Spaltpflanzen, Leipzig, 1882, PL V,fig. 
12; Winogradsky, loc. cil., PL II, Fig. 1-7. 

2. Thiocystis nifa Winogradsky. 
(Schwefelbacterien, Leipzig, 1888, 65.) 
From Latin nifus, red. 

Cells: Le.ss than 1 micron in diameter. 
(k)lor red, usually darker than in the 
type species. When the cells are stuffed 
with sulfur globules, the aggregates 
appear almost black. 

The common gelatinous capsule usu¬ 
ally contains a far greater number of 
closely packed individual colonies than 
is the case in Thiocysiis violacca. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustration: Winogradsky, loc. cit., 
PI. II, fig. 8. 


Genus VII. Lamprocystls Schroeter. 

(In part, Clathrocystis Cohn, Beitr. Biol. Pfl., i, Heft 3, 1875,156; in part, Cohnia 
Winter, in Rabenhorst, Kryptogamen-Flora, 2 Aufl., 1884,48; Schroeter, Die Pilze 
Schlesiens, in Cohn, Kryptogamen-Flora von Schlesien, 5, 1,1886, 151; Cenomesiaf 
de Toni and Trevisan, in Saccardo, Sylloge Fungorum, 8 , 1889, 1039; Lankasteron 
Ellis, Sulphur Bacteria, London and New York, 1932, 135.) From Greek lampros, 
bright, shining, and kystis, sac ci bladder. 

Purple sulfur bacteria which form more or less large aggregates of cells enclosed 
in a common gelatinous capsule. Individual cells spherical to ovoid. Small aggre¬ 
gates closely resemble those of Thiocystis, even to the extent of the tetrad-like ar¬ 
rangement of cells in the small colonies. Behavior of the large aggregates during 
development appears to be different; the small individual cell groups or colonies do 
not emerge from the slime capsule until the initially relatively compact cell mass 
becomes broken up into smaller clusters, these eventually forming a somewhat net- 
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like structure. This behavior has been ascribed to a change in the mode of cell divi¬ 
sion which at first appears to take place in three perpendicular planes, and later 
presumably changes to a division in only two directions. Cells when free are motile 
by means of polar flagella. In pure culture also this type rarely, if ever, produces 
large aggregates with the development here mentioned as characteristic for the 
genus (Bavcndamm, Die farblosen und roten Schwefelbakterien, Pflanzenforschung, 
Heft 2, 1924, 76). This, along with the other similarities, makes it doubtful whether 
future studies will result in the retention of the genera Lamprocyslis and Thiocysiis 
side by side. Produce bacteriochlorophyll and carotenoid pigments, coloring the 
cell masses purplish-pink to red. Capable of photosynthesis in the presence of hy¬ 
drogen sulfide, storing elementary sulfur as globules inside the cells. 

The type species is Lamprocystis roseopersicina (Kiitzing) Schroeter. 


1. Lamprocystis roseopersicina (Kiitz- 
ing) Schroeter. {Microloa rosea Kutz- 
ing, Linnaea, 8 , 1833, 371; Cnjptococcus 
ruscus Kiitzing, Phycologia generalis, 
Leipzig, 1843, 149; Protococcus roseo- 
pcrsicinus Kiitzing, Species Algarum, 
Leipzig, 1849, 196; Palmella pcrsicina 
Cohn, Leonhard’s Jurhb. f. Mineralog., 
1864, 606; Pleurococcus roseo-persicinus 
llabcnhorst, Flora Kur. Algarum, 
Leipzig, 3, ISOS, 2S; Haclcrium rubescens 
Lankestcr, Quart. Rev. Micro. Sci., 
IS, 1873, 408; not Bacterium rubescens 
Chester, Ann. Kept. Del. Col. Agr; Exp. 
Sta., 9, 1897, 115; Clatkrocystis roseo¬ 
persicina Cohn, Beitr. Biol. Pfl., I, Heft 
3, 1875, 157; Cohnia roseo-persicina Win¬ 
ter, in Rabenhorst, Kryptogamen Flora, 
2 Aufi., 7, 1884, 48; Schroeter, in Cohn, 
Kryptogamen-Flora von Schlesien, 3, 1, 
1886, 151; Planosarcina roseo-persicina 
Migula, in Engler and Prantl, Die na- 
turlichen Pflanzenfam., /, la, 1895, 20; 
Lankasteron rubescens Ellis, Sulphur 
Bacteria, London and New Vork, 1932, 


135.) From Latin rnseus, rose-colored 
and pcrsicum, peach; M.L., peach-col¬ 
ored. 

In all probability, Thioderma rubrum 
Miyoshi (Jour. Coll. Sci., Imp. Univ. 
Tokyo, Japan, W, 1897, 170) is identical 
with this species. 

Cells: Spherical to ovoid, 2 to 2.5 mi¬ 
crons in diameter, up to 5 microns long 
before cell division. Motile. Polar 
flagellate. 

Winogradsky {loc. di.) reports that the 
cells frequently contain pseudovacuoles. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 

light; sulfur springs. 

Illustrations: Warming, Videnskab- 
Meddel. naturhistor. Foren., Kjoben- 
havn, 1876, PL VIII, fig. 3 g; Zopf. ^ 
Morphol. d. Spaltpflanzen, Leipzig. IJW^ 
FI. V, fig. 8, 13; Winogradsky, SchwefeU 
bacterien, Leipzig, 1888, PL H* hg- 
Bavendamm, Die farblosen 
Schwefelbakterien, Jena, 1924, PL 1 » 
fig. 3. 


Genus VIII. Amoebobacter Winogradsky. 

(Winogradsky, Schwefelbacterien, Leipzig. 1888, 71; Amoebomonas ’ 

Cent. f. Bakt.. II Abt., 1909. 334.) From amoeba, one of the protozoa character 

ized by a constantly changing shape, and Greek bakiron rod. ^ 

Purple sulfur bacteria, usually occurring m aggre^tes ngverthe- 

dividuals without a characteristic common capsule. cells, the 

less, be observed with very small colonies. With h^fteria remain united, 

capsule bursts and the cell mass slowly moves out while the bacten 

The colonies change their shape during growth and ^ . of the entire 

influences: the individual cells appear motile and cause the moveme 
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colony. Winogradsky ascribes the coherence of the cell masses to the existence of 
interconnecting protoplasmic filaments between cells, but these have never be:^n 
observed, and their occurrence is extremely doubtful. It is much more prohal 
that the bacteria are hold together by mucus, though not so much of the latter is pro¬ 
duced as to form a clearly discernible capsule. 

Produce bacteriochlorophyll and carotenoid pigments. C’apable of photosyn¬ 
thesis in the presence of hydrogen sulfide, and then store sulfur as droplets ir.si.le 
the cells. 

The type species is Amocbobacter roseus \\ inogradsky. 

Since the characterization of the genera Amoebabacter, [.amprocystis, Thiocyslis, 
Thiocapsa and Thiothece is based upon the arrangement of individual bacteria in a 
common capsule, which, from Winogradsky’s descriptions of Atnocbohacter and from 
pure culture studies with Thiocystis and Lamprocyalia, has been shown to vary con¬ 
siderably, depending upon developmental stages and environmental conditions, it 
is quite possible that future investigations will show the desirability of restricting 
the number of genera. 


Key lo the species of genus Amoebobacter. 

I. Cells spherical to ovoid, about 2.5 to 3.5 microns in diameter and up to 6 microns 
in length prior to cell division. 

1. Amoebobacter ruseus. 

II. Cells distinctly rod-shaped, about 1.5 to 2 microns in width by 2 to 4 microns 
in length. 

2. Amoebobacter bacillosus. 

III. Cells spherical, quite small, about 0.5 to 1 micron in diameter. 

3. Amoebobacter granule. 


1. Amoebobacter roseus Winogradsky. 
(Schwefelbactcrien, Leipzig, 1888, 77.) 
From Latin roseus, rose. 

Cells spherical to ovoid, 2.5 to 3.5 
microns in width and up, to 6 microns 
in length. Motile. Often contain pseu¬ 
dovacuoles. Cell-aggregates often form 
transitory hollow spheres or sacks, with 
the bacteria occupying the periphery as 
a shallow layer. These are reminiscent of 
stages in the development of Lampro- 
cystia. 

Habitat: Mud and stagnant water 
containing hydrogen sulfide and exposed 
to light; sulfur springs. 

Illustrations: Winogradsky, loc. cit., 
PI. Ill, fig. 1-6. 

2. Amoebobacter bacillosus Winograd¬ 
sky. (Winogradsky, Schwefelbactcrien, 
Leipzig, 1888, 78; Thioderma roaeujn 
Miyoshi, Jour. Coll. Sci., Imp. Univ. 


Tokyo, Japan, W, 1897, 158.) From 
Latin bacillus, resembling a rod. 

Cells rod-shaped, about 1.5 to 2 mi¬ 
crons by 2 to 4 microns. Cells contain 
pseudovacuoles (aerosomes). Sulfur 
globules deposited exclusively in periph¬ 
eral protoplasmic layer, usually quite 
small. 

Habitat: Mud and stagnant water, con¬ 
taining liydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Zopf, %. Morphol. d. 
Spaltpfl., Leipzig, 1882, PI. V, fig. 26-27; 
Winogradsky, loc. cit., PI. Ill, fig. 7. 

Miyoshi’s incomplete description of 
Thioderma rossum {he. cit.), type species 
of genus Thioderma, is sufficient to make 
practically certain that it is identical 
with Amoebobacter bacillosus. The de¬ 
scription of Thiodictyon elegans Wino¬ 
gradsky {loc. cit.) suggests that it cannot 
be distinguished from this species. 
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3. AmoebobactergranulaWinogradsky. 
(Scliwcfelbacterien, Leipzig, 1888, 78.) 
From Latin granulus, a granule. 

Cells; Spherical, small, about 0.5 to 1 
micron in diameter. Faint pigmenta¬ 
tion; the sulfur inclusions give the cell 
masses a black appearance. .Aggregates 
are apt to consist of closely-knit masses 
which are tliflieult to separate. 

When sulfur is stored, a single droplet 


usually fills most of the cell. Because 
of the high refractive index of this glob¬ 
ule, it becomes difficult if not impossible 
to make accurate observations of the 
cell shape. 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustration: Winogradsky, he. cit., 
PI. Ill, fig. 8. 


Genus IX. Thiopolycoccus Winogradsky. 

(Winogradsky, Schwefelbacterien, Leipzig, 1888, 79; Rhodopolycoccus Orla- 
Jensen, Cent. f. Bakt., II .\bt., 22, 1909 , 334.) From Greek theion, sulfur; polys, 
many; and kokkos, granule or small cell. 

Purple sulfur bacteria which form dense aggregates of rather solid construction 
and irregular shape. The colonies appear, in contrast with Amoebobacter, non-mo- 
tile and do not tend to form hollow zoogloeal structures by which they are differen¬ 
tiated from Lomprocystis. Cell masses held together by mucus which does not, 
however, appear as a regular capsule. Large clumps may fissure with the formation 
of irregular shreds and lobes which continue to break up into smaller groups of cells. 
Individual bacteria spherical, motility not observed. Contain bacteriochlorophyll 
and carotenoid pigments, so that the aggregates, in accord with the dense packing 
with individual cells, appear distinctly red. Capable of photosynthesis in the pres¬ 
ence of hydrogen sulfide, when the cells store elementary sulfur as droplets inside 
the cells. 

The type species is 7'hiopolycoccus ruber Winogradsky. 


1. Thiopolycoccus ruber Winogradsky. 
(Winogradsky, Schwefclbactcrion, Leip¬ 
zig, 1888, 79; Micrococctts ruber Migula, 
in Englcr and Prantl, Die naturlichen 
Pflanzenfamilien, 1, la, 1895, 18.) From 
Latin ruber, red. 

Cells: Spherical, about 1.2 microns in 
diameter. No motility observed. 


Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 

light; sulfur springs. 

Illustrations: Winogradsky, loc. cit., 
PI. IV, fig. 16-18; Issatchenko, Re- 
cherches sur les microbes de I’oc^n 
glacial arctique, Petrograd, 1914, Ph 
fig. 7. 


Genus X. Thiospirillum Winogradsky. 

{Ophidomonas Ehrenberg, Die Infusionstierchen, Leipzig, 1838, 43; Winogradsky, 
Schwefelbacterien, Leipzig. 1888, 104; Thiorhodospirillum Fuhrmann, Vorlesungen 
u. techn. Mykologie, Jena, 1913, 325; Rhodolhiospirillum Bavendamm, Schwefe - 
bakterien, Jena, 1924, 115.) From Greek theion, sulfur, and diminutive of spiro, 

gcr0\v« 

Purple sulfur bacteria, occurring singly, as spirally wound cells, motile by 
of polar flagella. Contain bacteriochlorophyll and carotenoid pigments, , 

the cells brownish- to purplish-red. Capable of photosynthesis in the 
hydrogen sulfide, during which they produce and store, as an intermediate oxi a 

product, elementary sulfur in the form of droplets inside the cells. K«<»rva- 

The differentiation of species in this group has been based exclusively on o 
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tions with material from natural collections and from laboratory mass cultures. The 
criteria used are the size and shape of the spirals, and the color of the oriianisms. 
Not a single representative has so far been obtained and studied in pure culture, so 
that no information is available concerning the constancy or variability of tliese 
characteristics. It is, however, likely that such properties may be greatly influ¬ 
enced by environmental factors. Hence, the following key and descriptions of 
species are apt to be modified when more extensive studies have been made. The 
published descriptions of some species make it seem probable that tiiey sliould not 
even be incorporated in Thiospirillnm. 

The type species is Tkiospirilbnn jeneusc (El»renberg) Winogradsky. 

Key to the species of genus Thiospirillum. 

I. Width of cells 2.5 microns or more. 

1. Color of cells, especially in mas.ses, yellowish-brown to orange-brown. 

1. Thiospirillum jencnsc. 

2. Color of cells deep red or violet. 

a. Cells long, typical spirals; clearly red. 

2. Thiospirillum saniiuincum. 

aa. Cells short, slightly curved, vibrio-shaped; color purple to violet-red. 

3. Thiospirillum violaceum. 

11. Width of cells less than 2.5 microns. 

1. Width of cells 1.5 to 2.5 microns. 

•1. Thiospirillum rosenhergii. 

2. Width of cells about 1 micron. 

5. Thiospirillum rufum. 


1. Thiospirillum jenense (Ehrenberg) 
Winogradsky. {Opkidomonas jenensis 
Ehrenberg, Die Infusionstiorchen, 
Leipzig, 1838, 44; Spirillum jenense 
Trevisan, Batter, ital., 1879, 26; Wino¬ 
gradsky, Schwefelbactcrien, Leipzig. 
1888, 104; Rhodothiospirillum jenense 
Ellis, Sulphur Bacteria, London and 
New York, 1932, 161; Thiospirillum 
crassum Hama, Jour. Sci. Hiroshima 
Univ., Ser. B, Div. 2, Bot., 1, 1933, 157.) 
Named for the city of Jena, Germany, 
where Ehrenberg discovered this or¬ 
ganism. 

Cells: Cylindrical, sometimes pointed 
at ends, 2.5 to 4 microns long, coiled as 
spirals. Generally 30 to 40 microns in 
length but may be as long as 100 microns. 
Shape of individual coils varies, complete 
turns measuring about 15 to 40 microns 
in length, and from 4 to 1/10 of the width 
in height. Polar flagellate. Tufted at 
both ends. Olive-brown, sepia-brown 
and reddish-brown. 


This coloring Jip])ears lo be the only 
recognizable difference from Thinspiril- 
him sanguincum. Thiospirillum cras¬ 
sum llama (Inc. cit.) reported to be 3.7 
to 4 by 12 to 40 microns and yellowish- 
brown in color, thus becomes indis¬ 
tinguishable from Thiospirillum jenense] 
the 80 microns long Thiospirillum je¬ 
nense forma ma.cima Szafer (Bull. Acad. 
Sci. Cracovie, S6r. B, 1910, 162) does not 
at present justify recognition as a special 
taxonomic entity. 

It is even doubtful whether the ob¬ 
served color difference between Thio¬ 
spirillum jenense and Thiospirillum 
sanguincum constitutes a valid criterion 
for their maintenance as two distinct 
species (Buder, Jahrb. wiss. Bot., 66 , 
1915, 534; Bavendamm, Die farblosen 
und roten Schwefelbakterien, Pflanzen- 
forschung, Heft 2, 1924, 131). 

Habitat: Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 
light; more rarely in sulfur springs. 
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lilustrations: Zeltnow, Ztschr. f. Hyg., 
24, 1S97. PI. II, tig. 49-52; Buder, loc. 
cit., lig. 1; Szafer, loc. cil., PI. IV, fig. 4; 
llania. lor. ril., PI. 18, fig. 1, 8a; PI. 19, 

tig, 1. 

2. Thiospirilliim sanguineiim (Ehreii- 
licrg) Winogradsky. {Opkidomonas 
snnguiiua Khrenbcrg, Verhandl. Akad. 
Wiss. Berlin, 1840 , 201; Spirillum san- 
fjuincum C’oiin, Bcitr. Biol. Pfl., 1, Heft 
3, 1875, IGO; Winogradsky, Schwefel- 
bat'tericn, Leipzig, 1888, 104.) From 
Palin nanguineus, blood-colored, red. 

Cells: Cylindrical, sometimes attenu¬ 
ated at ends, spirally coiled; 2.5 to 4.0 
microns in width, commonly about 40 
microns long with a range of from 10 to 
100 microns. Size and shape of coils 
variable, complete turns measuring from 
15 to 40 microns in length and from J to 
1/10 of the length in width. Polar flagel¬ 
late, usually tufted at both ends. In¬ 
dividual cells rose-red with a grayish 
hue, groups of cells deep red. Sulfur 
droplets numerous under appropriate 
conditions. 

Habitat: Mud and stagnant water 
containing hydrogen sulfide and e.vposed 
to light; rarely in sulfur springs. 

lilustrations: Cohn, loc. cit., PI. \ I, 
fig. 15; Warming, Vidensk. Mcddel, 
naturhist. Foren., Kjobenhavn, 1876, 
PI. Vir, fig. 8; Buder, Jahrb. wiss. Bot., 
66 , 1915, 534, fig. 2. 

3. Thlospirillum vlolaceum (Warming) 
Winogradsky. {Spirillum violaceum 
Warming, Vidensk. Meddel. naturhist. 
Foren., Kjobenhavn, 1876, 395; Wino¬ 
gradsky, Schwefelbactericn, Leipzig, 
1888,104.) From Latin violaceus, violet- 
colored. 

Cells: Short and fat, 3 to 4 by 8 to 
10 microns, ends smoothly rounded. 
Slightly curved, bean- or vibrio-shaped. 
Only rarely are they twisted suggesting 
a spirillum. Polarly flagellated. 

The shape of cell seems to fit the genus 
Chromalium rather than Thiospirillum 


and Warming {loc. cit.) emphasizes the 
resemblance to Chromalium okenii. 

Color bluish-violet; this color may be 
related to a scarcity of sulfur droplets 
in the cells. 

Habitat: Mud and stagnant water. 

Illustration: Warming, loc. cit., PI. 
VII, fig. 3. 


4. Thiospirillum rosenbergii (Warm¬ 
ing) Winogradsky. {Spirillum rosen¬ 
bergii Warming, Vidensk. Meddel. na¬ 
turhist. Foren., Kjobenhavn, 1876, 346; 
Winogradsky, Schwefelbactericn, Leip¬ 
zig, 1888, 104.) Named for the Danish 
algologist, Rosenberg. 

Cells: 1.5 to 2.5 by 4 to 12 microns; 
coiled, with turns of about 6 to (-5 mi¬ 
crons in length and variable width up 
to 3 or 4 microns. Color v'cry dark, due 
to numerous sulfur globules. Color of 
protoplasm not recorded. 

Habitat: Mud and stagnant water 
containing hydrogen sulfide and ex¬ 
posed to light. 

Distribution: Probably ubiquitous, 
but less frequently recorded as the 
organism is not as spectacular as the 
large Thiospirillum jenense and Thio¬ 
spirillum sanguineuni. 

Illustration; Warming, loc. cit., P • - > 

fig. 12. 


. Thiospirillum rufum (Perty) M‘- 
a. {Spirillum rufum Perty, Bern, 
2, 179; Migula, Syst. d. Bakt. S, 19W, 
).) From Latin rufus, red, reddish, 
leneral characteristics presumably 
.se of the genus, although it does not 
,ear either from Perty's description, 
rom those of Migula {loc. cihL Baven- 
nm (Die farblosen und roten Sr^hwe- 
jakterien Jena, 1924, 132) and Hu cr 

italozzi (Die Binnengewasser 
ft 1, Das Phytoplankton des Sass- 
ssers, Stuttgart. 193S, 3M) that the 
Is ever contain salfur globules. V 
: red color is emphasized. Comc- 
mtly. It is quite possible that this 
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organism belongs in the genus Rhodo- 
spirillum. 

Cells: 1.0 by 8 to 18 microns; eoilcO to 
occupy IJ to 4 turns, the latter commonly 
4 microns wide by 4 microns long. These 
dimensions agre«‘ with those of Rhodo- 
spirillum rubrum (Ksmarch) Molisoh and 
the identity of the two organisms is 
probable. 

Habitat: Found in red slime spots on 
the side of a well. Mud and stagnant 
bodies of water. 

Illustration: Migula. Syst. d. Hakt., 
1, 1807, PI. Ill, fig. 7. 

Appendix: Three species have bctm 
placed in the genus Thiuspirillum with¬ 
out convincing evidence that they con¬ 
form to the generic diagnosis. 

Thiuspinlluin agilis Kolkwitz. 
(Kolkwitz, Kryptogamenfiora d. Mark 
Brandenburg, 6 , Pilze, 1909, 162; 7'hio- 
spira agilis Bavendamm, Die farblosen 


und roten Schwefelbakterien, J'flanzen- 
forschung, Heft 2, 1021, 116.) This is 
not known to have been a purple bac¬ 
terium and hence may refiresent a mem¬ 
ber of the genus Thiospira. 

Thiospirillum agilis var. pohmica 
Strze.szewski. (Bull. .Vcad. Sci., Cra- 
covie, S^r. B, 1913,322.) This also may 
belong in the genus Thiospira. 

Thiospirillum pisticnse Czunla. 
(Cent. f. Bakt., 11 .\bt., 92, 1035, 100.) 
Xot described as pigmented and does 
not contain sulfur globules. Heportetl 
to be a probable agent in the production 
of hydrogen sulfide from sulfates or 
sulfur. It may therefore be the s])irillar 
form of Vibrio desulfuricans Beijcrinck 
or, being thermophilic, of Vibrio thenno- 
dcsulfuricans Elion. 

Thiospirillum winugradskii Omeliaii- 
sky. (Cent. f. Bakt.. II Abt., 14, 1995, 
764.) This is colorless and is included 
in Thiospira. 


Genus XI. Rhabdomonas Cohn 

(Cohn, Beitr. Biol. Pfl., 1, Heft 3, 1875, 167; Mantegazzaea Trevisan, R. Inst. 
Lombardo de Sci. e Lett., IV, Ser. 2, 12 , 1879, 137; Rhabdochromaiium Winogradsky, 
Schwefelbacterien, Leipzig, 1888, 100; in part, Rhodocapsa Molisch, Die Purpur- 
bakterien, Jena, 1907,17.) From Greek rhabdos, a rod, and monas, a unit (cell). 

Purple sulfur bacteria, as a rule occurring singly, in the form of rather irregular, 
long rods to filaments, exhibiting more or less pronounced swellings, or club and 
spindle shapes. Filamentous structures sometimes with constrictions giving the 
filament the appearance of a string of beads. These may be surrounded by a rela¬ 
tively inconspicuous slime capsule which can be rendered visible by India ink. The 
less distorted cell types are frequently motile, flagella polar. Produce bacterio- 
chlorophyll and carotenoid pigments, coloring the cells pinkish- to purplish-red. 
Capable of photosynthesis in the presence of hydrogen sulfide and then storing sulfur 
globules as an intermediate oxidation product inside the cells. 

The status of this genus is doubtful. Winogradsky (loc. cit.) recognized the simi¬ 
larity of its members to species of Chromatium and the occurrence of many inter¬ 
mediate forms which make a sharp distinction between the two genera impossible. 
He preferred the designation of Rhabdochromaiium as a sub-genus. Warming (Vi- 
denskab. Meddel. naturhist. Foren., Kjobenhavn, 1876, 320 ff.), Nadson (Bull. Jard. 
Imp^r. Bot. St. P^tersb., S, 1903,116), van Kiel (Arch. f. Mikrobiol., 5,1931,61), and 
Ellis (Sulphur Bacteria, London and New York, 1932,151) considered the species of 
Rhabdochromaiium as abnormal growth forms (involution forms) of corresponding 
species of Chromaliumt while Lauterborn (Verhandl. naturhistor.-medizin. Vereins, 
Heidelberg, N.F., IS, 1915,424), Buder (Jahrb. wiss. Bot., 68 1919, 534) and Baven- 
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damm (Die farblosen und roten Schwefelbakterien, Pflanzenforschung, Heft 2, 1924, 
129) favor generic rank. 

The type species is Rhahdomonas roseus Cohn. 

Key lo the species of genus Rhabdomonas. 

1. Cells not containing calcium carbonate inclusions in addition to sulfur globules. 

a. Cells more than 3 microns in width. 

1. Rhahdomonas rosea. 

aa. Cells less than 3 microns in width. 

2. Rhabdomonas gracilis. 

II. Cells containing calcium carbonate inclusions in addition to sulfur globules. 


3. 

1. Rhabdomonas rosea Cohn. (Cohn, 
Reitr. Biol. Pfl., 1, Heft 3, 1875, 167; 
lieggialoa rosco-persicina Zoj)f, Z. Mor- 
phol. d. Spaltpllanzen, Leipzig, 1882, 30; 
Rhahdochromatiurn roseuin Winogradsky, 
Sohwefelbacterion, Leipzig. 1888, 100; 
Rhabdochrnniatiiun fusifonne Winograd¬ 
sky, ibid.. 102; R.seudomonas rosea Mi- 
gula. in Kngler and Prantl, Die natur- 
lichen Pflanzenfam., 1, la, 1895. 30.) 
From Latin ro.seus, rose-colored. 

Cells: Uneven in width and length, 
often swollen to spindle-shaped, some¬ 
times tending towards filamentous 
growth. The greatest width of a 
spindle-shaped or fusiform cell may be 
close to 10 microns; in the more fila¬ 
mentous structures it is usually around 
5 microns. Tlie length varies between 
10 and 30 microns for single cells; fila¬ 
mentous forms, frequently showing 
bulges and constrictions suggestive of 
compound structures in which cell divi¬ 
sion has been incomplete, may attain 
considerably greater lengths, up to 100 
microns. The ends of spindle-shaped 
cells often taper to very fine points or 
attenuated fibers; also filaments are 
generally thinner toward the extremities. 
Single individuals and short filaments 
are motile by means of polar flagella, 
long filaments rarely motile. The ends 
of a filament may become pinched off 
and swim away. 

Color rose-red; cells are usually filled 

with sulfur globules. 

There is no good reason for maintain- 


Rhabdomonas linsbaueri. 

ing Rhabdomonas fusiformis (Rhabdo- 
chromatium fasiformc Winogradsky) as a 
separate species; the variations in size 
and shape bring this form well within 
the range of Rhabdomonas rosea. Pres¬ 
ent indications strongly suggest that 
the latter species should be regarded as 
a peculiar developmental form of Chio- 
matiurn okenii. 

Habitat; Mud and stagnant water con¬ 
taining hydrogen sulfide and exposed to 

light; sulfur springs. 

Illustrations; Cohn, loc. cit., I’l-'L 
fig. 14; Warming, Vidensk. Meddel. 

naturhistor. Foren., Kjobcnhavn, 

PI. VH, fig. Ic-e; Zopf, loc. 
fig. 2b; Winogradsky, loc. cit., PL D, 

fig. 9-11, 13-14. 

2. Rhabdomonas gracilis (Warming) 
Migula. {Monas gracilis Warming. 
Vidensk. Meddel. naturhist. Foren., 
Kjobenhavn, 1876, 331; Rhahdochro 

matiuni minus Winogradsky, Schwefel- 
bacterien, Leipzig, 188S, 102; 
chromalium gracile Migula, Syst. 
Bakt., 2, 1900, 1049; Rhodocapsa sus- 

pensa Molisch, Die Purpurbakterien, 
Jena, 1907, 17; Rhabdomonas minor 

Bergey et al.. Manual, 3rd ed., Uio, 
532.) From Latin gracilis, slender. 

Cells; Much smaller than those o 
Rhabdomonas rosea, and with less ten 
ency to form fusiform cells Usually 
filamentous, more or less cylm ic , 
often with constrictions, but foim P 
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to 6() microns in length. Shorter fila¬ 
ments motile. Polar flagellate. Slime 
formation may occur uiuler special 
conditions. Uose-red. Sulfur globules. 
Probably an abnormal growth form of 
C hroinalium virosnm. 

Habitat: Mud and stagnant watercon- 
taining hydrogen sulfide and exposed to 
light; sulfur springs. 

Illustrations: Warming, loc. cit., PI. 
VII, fig. 5; Winogradsky, loc. cit., PI. IV, 
fig. 12; Molisch, loc. cii., PI. II, fig. 11-12. 

3. Rbabdomonas linsbaueri (Clickl- 
horn) comb. nov. (Rhahdochromatium 
linsbaueri Girklhorn, Ber. d. deut. hot. 
Gcs., 1921, 312.) Named for the 
botanist, K. Linsbauer. 

Cells: Uescmble Rhabdomonas rosea, 


irregular, rod-shaped, 3 to 5 microns 
wide, up to 30 microns in length. 

The characteristic feature of the 
species, and the chief means of dift'oren- 
tiation, is the occurrence of calcium 
carbonate inclusions in addition to the 
sulfur globules in the cells. Whether 
this is strictly an environmentally 
conditioned characteristic, due to the 
photosynthetic development of the bac¬ 
teria in a medium rich in calcium ions, 
so that calcium carbonate is precipitated 
as the alkalinity increases, has not yet 
been established, but seems possible. 
In that case the identity of this species 
with Rhabdomonas rosea would become 
evident. 

Source: From a pond near Graz, 
Austria. 

Habitat: Fresh water. 


Genus XII. Rhodothece Molisch. 

(Die Purpurbakterien, Jena, 1907, 19.) From Greek rkodon, rose and iheke, con¬ 
tainer, capsule. 

Purple sulfur bacteria, occurring singly, not aggregated in families. Cells spheri¬ 
cal, each surrounded by a rather wide capsule which is, however, rarely visible with¬ 
out special staining.. Motility not observed. Contain bacteriochlorophyll and caro¬ 
tenoid pigments, coloring the cells reddish. Capable of photosynthesis in the 
presence of hydrogen sulfide; the cells then store sulfur globules, arising as an 
intermediate oxidation product of the sulfide. 

In view of the experiences of Bavendamm and others that a number of representa¬ 
tives of the purple sulfur bacteria, characterized by typical colonial aggregates when 
found in nature, may develop as single cells in pure culture, it is quite conceivable 
that the genus Rhodothece is synonymous with some other genus, e.g., Lamprocystis, 
and that the two genera represent different growth forms induced by environmental 
conditions. 

The type species is Rhodothece pendens Molisch. 


1. Rhodothece pendens Molisch. (Die 
Purpurbakterien, Jena, 1907, 19.) From 
Latin pendeo, to be suspended. 

Cells: Spherical, frequently occurring 
as diplococci, occasionally as very short 
chains or clumps of 3 to 5 individuals. 
1.8 to 2.5 microns in diameter. Produce 
rather abundant slime. Cells embedded 
in individual capsules which are rarely 
visible without staining (India ink). 
Characteristic is the regular occurrence 
of pseudovacuoles (aerosomes) which 


are supposed to keep the cells suspended 
in liquid media. Refractive phenomena 
due to the pseudovacuoles and to the 
sulfur globules distort the cell shape 
under ordinary illumination so that bac¬ 
teria appear as polygons rather than 
round cells. Usually 2 aerosomes and 2 
sulfur globules per cell. Color not ob¬ 
servable in individual bacteria. Cell 
groups are rose-red. Motility not ob¬ 
served. 

Habitat: Mud and stagnant water con- 
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taining hydrogen sulfide and exposed to Illustrations: Molisch, Die Purpur- 
light. Not reported from sulfur springs. bakterien, Jena, 1907, PI. II, fig. 13-14- 

Genus XIIL Chromatlum Perty. 

(Perty, Zur Kenntniss kleinster Lebensformen, Bern, 1852, 174; Rhodomonas Orla- 
Jensen, Cent. f. Bakt., II Abt., 22, 1909, 334.) From Greek chroma, color. 

Cells occur singly, more or less ovoid, bean- or vibrio-shaped, or short rods. The 
last-mentioned are often thick-cylindrical with rounded ends. Motile by means of 
polar flagella. Contain bacteriochlorophyll and carotenoid pigments, coloring the 
cells various shades of red. Capable of photosynthesis in the presence of hydrogen 
sulfide and storing elementary sulfur as an incomplete oxidation product in the form 

of globules inside the cells. . . 

At present, the genus contains 11 described species and one variety. 
two more purple sulfur bacteria. Pseudomonas molischti Bersa (Planta, 60)) 

and ThwspiriUum coccineum Hama (Jour. Sci. Hiroshima Univ., Ser. B, Div. , 
Bot., 1, 1933, 158), have been incorporated here as species of Chromahum because 
the descriptions and illustrations furnished by the original authors leave no doubt 

as to their taxonomic affiliations. . . 

Differentiation of species has, in the past, been based almost entirely upon size 

and shape of individual cells, often with complete disregard for the ^ 

these criteria. The unsatisfactory and arbitrary nature of such a 
occasionally been pointed out, and with much justification. Winogradsky Sehn 
elbacterien, Leipzig, 1888, 98) mentions the many transitional stages ‘“1 “ 

observed between Chromalium okenii and Chromalmm if‘“h „„ 

Acad Sci Cracovie, S^r. B, 1913, 321) bolds that it is impossible to distinguish, 

the basis o’f sizes or otherwise, between Chromalium weissei and 

Such contentions, derived from observations on material from 

crude cultures, have been greatly strengthened by studies "f 

species of Chromalium. Thus van Kiel (Arch. f. Mf ob.oL, 3, 193^, 59)^reP 

variations in width from 1 to 4 microns, and in 1C4 fl ) found size 

up to 50 microns; Manten (Antonie van Leeuwenhoek, S, as 

differences of 1 to 14 microns with a pure culture of an organism that “ de 

Chromalium okenii. Often the differences in size “ P“"® „f species 

special environmental conditions. On account of sue resu Moreover, the 

on the basis of size relations alone is mamfestly 

available data do not suggest that differences in shape, ^.g^ults with 

globules can be used more effectively. Lack of adequa P ^ rational 

a sufficiently large number and variety of pure cultures pre 

classification at present. with their respective 

The previously proposed species have been listed ;;Xg whlth. 

characteristics and arranged as far as possible m *''*® "j*®. of calcium 

Two Chromalium species have been described as cental ^ unsbaueri, 

carbonate in addition to sulfur globules. As ■“.‘‘'®alcium ion 

it is not known whether this feature may be a dire 9 ^3 significance, 

content and pH of the environment, and thus fail to have taxononu 

The type species is Chromalium okenti Perty. 

1 Chromatlum gobU Issatchenko. glacial arctique ’ 

(Kec" ries microbes de I’oe^an Named for Prof. X. Gobi. 
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Cells: 10 microns by 20 to 25 microns. 

Source: From sea water of Arctic 
Ocean. 

Habitat: Presumably ubiquitous in 
the colder portions of the Ocean at least. 

Illustration: Issatchenko, loc. cit., PI. 
II, fig. 12. 

2. Chromatium warmingii (Cohn) Mi- 
gula. {Monas rvarmi'ngii Cohn, Beitr. 
Biol. Pfl., 1, Heft 3, 1875, 167; Migula, 
Syst. d. Bakt., S, 1900, 1048.) Named 
for the Danish botanist, Eugene Warm¬ 
ing. 

Cells: 8 by 15 to 20 microns, also 
smaller (Cohn). 

Illustration: Cohn, loc. cit., PI. VI, 
fig. 11. 

2b. Chromaiium tvanningii forma minus 
Bavendamm. (Die farblosen und roten 
Schwefelbakterion, Pflanzenforschung, 
Heft 2. 1924, 127.) Named for the 
Danish botanist, Eugene Warming. 

Cells: 4 by 6 to 10 microns. 

Illustrations: Bavendamm, loc. cit., 91, 
fig. 7, and PI. II, fig. 12, a-b. 

3. Chromatium linsbauerl Gicklhorn. 
(Ber. d. deut. botan. Ges., S9, 1921, 312.) 
Named for the Austrian botanist, K. 
Linsbauer. 

Cells: 6 by up to 15 microns (Gickl¬ 
horn); 6 to 8 microns in width (Ellis, 
Sulphur Bacteria, London and New 
York, 1932, 147). Special characteristic 
is the occurrence of calcium carbonate 
inclusions. Otherwise resembles Ckro- 
malium okenii. 

Source: From a pool in the Stiftingtal, 
near Graz, Austria. 

Habitat: Fresh water. 

Illustrations: Gicklhorn, loc. cil., 314, 
fig. 1; Ellis, loc. cit., 148, fig. 31. 

4. Chromatium okenll (Ehrenberg) 
Perty. {Monas okenii Ehrenberg, In- 
fusionsthierchen, Leipzig, 1838; Perty, 
Zur Kenntniss Leinster Lebensformen, 


Bern, 1852,174; Bacillus okeniiTrcvlsan, 
I generi e le specie delle Batteriacce, 
1889, 18; Bacteriuin okenii DeToni and 
Trevisan, in Saccardo, Sylloge Fungo- 
rum, 8, 1889, 1027; Pseudomonas okenii 
Migula, in Engler and Prantl, Die iiattir- 
lichen Pflanzenfamilien, 1, la, 1895, 30.) 
Named for the German naturalist, L. 
Oken. This is the type species of genus 
Chromatium. 

Cells: 5.6 to 6.3 by 7.5 to 15 microns 
(Cohn); minimum width 4.5 microns 
(Issatchenko, Borodin Jubilee V^ol., 
1929?, 8); with many transitions to 
Chromatium weissei (Winogradsky, 
Schwefelbacterien, Leipzig, 183S, 92). 
Also: 3.5 by 8 to 12 microns and varying 
in size from 1 to 15 microns (Manten, 
.\ntonie van Leeuwenhoek, 8, 1942, 164). 

Illustrations: Cohn, Beitr. Biol. Pfl., 
/, Heft 3,1875, PI. VI, fig. 12; Winograd¬ 
sky, loc. cil., PI. IV, fig. 3-4; Issatchenko, 
Recherches sur les microbes de Tocsin 
glacial arctique, Petrograd, 1914, PI. II, 

fig- 0. 

5. Chromatium weissei Perty. (Perty, 
Zur Kenntniss kleinster Lebensformen, 
Bern, 1852, 174; Bacillus weissii Trevi¬ 
san, I generi e le specie delle Batteriacce, 
1889, 18; Bacterium weissii DeToni and 
Trevisan, in Saccardo, Sylloge Fungo- 
rum, 8, 1889, 1027.) Named for the 
zoologist, J. F. Weissc, consequently the 
more common spellings, Chromatium 
weissii or C. weisii are in error. 

Cells: 4.2 by 5.7 to 11.5 microns 
(Perty); also 3 to 4 by 7 to 9 microns 
(Issatchenko, Borodin Jubilee Volume, 
1929?, 8); transitions to Chromatium 
okenii (Winogradsky, Schwefelbacterien, 
Leipzig, 1888, 92); transitions to 

Chromatium minus (Strzeszewski, Bull. 
Acad. Sci., Cracovie, S4r. B. 1913, 321). 

Illustrations: Winogradsky, loc. cit., 
PI. IV„ fig. 1-2; Miyoshi, Jour. Coll. 
Sci., Imp. Univ. Tokyo, Japan, W, 1897, 
PI. XIV, fig. 15. 
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G. Chromatium cuculliferuin Gickl- 
horn. (Cent. f. Bakt.. II Abt., 50, 1920, 
■119.) From I.atin cap or hood 

and fcro, to bear. 

Cells; 4 by 6 to 8 microns (C.icklhorn); 
according to Bavendamm (Schwefelbak- 
terien, Jena. 1924, 127) identical witli 
Chi'ornati utn warmingii forma annw-'J. 
C.icklhorn claims this organism to be 
colorless, which appears very doubtful. 

Source; From the pond in the Annen 
Castle Park, Graz, Austria. 

Habitat: Fresh water ponds. 
Illustration: Gicklhorn, loc. cit-, hg- 2. 

7. Chromatiuni minus \Vinogradsky. 
{Winogradsky, Schwefelbacterien, Leip- 
zig, 1888 , 99; Bacillus minor Trcvisan, 

I generi e le specie delle Batteriacce, 
1889, 18; Bacterium minus DcToni and 
Trevisan, in Saccardo, Sylloge Fungo- 
rum, S, 1889, 1027.) From Latin minus, 

small. 

Cells: 3 by 3.5 to 7 microns (Winograd¬ 
sky); also 1.7 to 3 microns in width and 
up to 8.5 microns in length (Issatchenko, 
Borodin Jubilee Volume, 1929?, 9); all 

transitions to Chromatium weissei^ from 
which it cannot be distinguished (Strzes- 
zewski. Bull. Acad. Soi., Cracovie, S^r. 
B, 1913, 321). 

Illustrations: Winogradsky, loc. c»t., 

PI. IV, fig. 5; Miyoshi, Jour. Coll. Sci., 
Imp. Univ., Tokyo, Japan, 10, 1897, PI. 
XIV, fig. 16; Issatchenko, Recherches 
sur les microbes de I’octSan glacial arc- 
tique, Petrograd, 1914, PI. II, fig- 10-11. 

8 Chromatium vinosum (Lhrcnbcrg) 
Winogradsky. (J/onas vinosa Ehren- 
berg, Die Infusionstierchen, Leipzig. 
1838* 11; Winogradsky, Schwefelbac- 
terie’n, Leipzig, 1888 , 99; Bacillus 

vinosus Trevisan, 1 generi e le specie delle 
Batteriacce, 1889, 18; Bacterium vino- 
sum DeToni and Trevisan, in Saccardo, 
Sylloge Fungorum, 8, 1889, 1027.) ■ From 
Latin vinosus, pertaining to wine, wine- 

colored. 


Cells: 2 by 2.5 to 5 microns; also 1.4 to 
3 bv 1.5 to 5 microns (Jimbo, Botan. 
Magaz. Tokyo, 1937, 872); 1.7 to 2 by 
2 to 9 microns (Issatchenko, Borodin 
Jubilee Volume, 1929?, 9); or 1 to 1.3 mi¬ 
crons by 2.5 to 3 microns (Schrammeck, 
Beitr. Biol. d. Pflanzen, 22, 1935, 317). 
Jimbo considers Thioderma roseum Mi- 

voshi to be identical with Chromatium 
% 

vinosum. 

Illustrations: Winogradsky, loc. cil., 
PI. IV, 6-7; Miyoshi, Jour. Coll- Sci., 
Imp. Univ. Tokyo, Japan, 10, 1897, PI- 
XIV, fig. 17; Nadson, Bull. Jard. Imp. 
Botan., St. P(5tcrsbourg, 12, 1912, PI- 

III. fig. 1-2. 


9. Chromatium violaceum Perty. 
(Zur Kenntniss kleinster Lebensformen, 
Bern, 1852, 174.) From I.atin violaceMS, 

violet-colored. 

Cells: Alx>ut 2 by 2 to 3 microns. Ac¬ 
cording to Cohn (Beitr. Biol, Y 
Heft 3,1875, 166) probably identical witli 
Chromatium vinosum. Apparently in¬ 
cludes various sizes. 


10. Chromatium moUschii (Bersa) 

omb. nov. {Fseudowonas molischii Bersa, 

>lanla, 1926, 375.) Named for the 

Austrian botanist, H. Molisch. 

Cells: About 2 by 2.5 to 8 microns 

Supposedly contains calcium carbonate 

IS inclusions. . „ 

Illustration; Bersa, loc. cH., 3/6, ng- 

11. Chromatium gracile Strzeszewski. 
(Bull. Acad. Sol., Cracovie, S^r. B, 19Id, 
121.) From Latin gracilis, slender. 

Cells: 1 to 1.3 by 2 to 6 microns; also 
to 1.5 micron in width (Isaatchenko^ 
fitudes microbiologiques des Lacs 

Bouc, Leningrad, 1927, 114). 

Illustration: Strzeszewski, loc^ c^. 

Pi. XXXIX, fig. 1-2; Tokuda Botan. 
Magaz., Tokyo, BO, 1936, 339, fig- 1-23- 

12. Chromatium 

gradsky. (Winogradsky, Schwefelba 
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tcricn, Leipzig, 1888, UH); liacillus 
minutissimus Trevisan, I goncri e U* 
specie delle Batleriacoo, 1880. IS; liac- 
tcrium ininutissunum DoToiii and Trcvi- 
sau, in Saccardo, Sylloge Fungorum, 8, 
1889, 1028.) Ironi Latin miitalui; and 
diminutive, very minute. 

Cells: About I to 1.2 micron by 2 mi¬ 
crons. Also from 0.5 to 0.7 micron by 
0.6 to 1 micron (Issatchenko, Ilecherches 
sur les microbes dc Tocdan glacial arc- 
tique, Petrograd, 1914, 253); and 1 to 3 
microns by 2 to 5 microns (Issatchenko, 
Borodin Jubilee Volume, 1929?, 9). 

Illustrations: Winogradsky, loc. cit., 
PI. IV, fig. S; Miyoslii, Jour. Coll. Sci., 


Imp. Univ., Tokyo, Japan, 10, 1897, PI. 
XIV, fig. 18. 

Appendix: The measurements for Thio- 
spirillum coccineum Hama (Jour. Sci. 
Hiroshima Univ., Ser. B, Div. 2, Bot., 1, 
1933, 158) which, according to descrip¬ 
tion and figures {ibid., PI. 18, fig. 2; PI. 
19, fig. 2), is an unquestionable species 
of Chromatium, are given as 2 by 4 to 
15 microns. It thus closely resembles 
the bacteria of the Chromatium minus, 
C. vinosnm, C. violaccum, and C. mo- 
lischii group. 

Chromatium sphaeroides }im\a,loc.cit. 

Thiospirillum violaccum (Warming) 
Winogradsky is probably also a member 
of this assemblage. 


APPENDIX TO F.AiMILV THIORHODACAE. 

Three genera of sulfur purple bacteria have been proi)osed whose place and 
nature are at present very doubtful. They follow here: 


a. Thiosphacrion Miyoshi, with the 
single species Thiosphacrion violaccum 
Miyoshi (Jour. Coll. Sci., Imp. Univ., 
Tokyo, Japan, 10, 1879, 170). Occurs in 
round colonies in which numerous bac¬ 
teria are held together by mucus, though 
not in a clearly discernible common cap¬ 
sule. Individual cells ovoid, about 1.5 
to 2 by 2.5 microns; motile. Resembles 
Lamprocyslis roseopersicina in many 
respects. Reported once from Yumoto 
Hot Springs, near Nikko, Japan. 

Illustrations: Miyoshi, loc. cit., PI. 
XIV, fig. 24 a-b. 

b. Pelochromalium Lauterborn, with 
the single species Pelochromalium roseum 
Lauterborn (Verhandl. naturhist. medi- 
zin. Vereins, Heidelberg, N.F. IS, 1915, 
424). Forms small colonies in which 
the bacteria arc regularly arranged in 
about 5 rows, from 2 to 4 cells high, 
around a colorless central body. The 
entire colony actively motile and be¬ 
haves like a single unit. Individual 
cells bean- or vibrio-shaped, about 1 mi¬ 
cron or less by 2 nucrons; the barrel- 
shaped colony measures 2.5 to 4 by 4 to 8 


microns. The structure may represent 
a complex of a colorless central bac¬ 
terium surrounded by purple bacteria, 
analogous to Chlorochromatium aggre- 
gatum Lauterborn. Whether such struc¬ 
tures have generic or even specific taxo¬ 
nomic significance remains to be 
determined. The lack of informat ion con¬ 
cerning the occurrence of sulfur globules 
in the cells makes it doubtful whether 
the organisms are sulfur purple bacteria 
at all. Found twice by Lauterborn in 
mud samples. 

Illustrations: Lauterborn, loc. cH., PI. 
Ill, fig. 28, a-c. 

Utermohl suggested the name Lauter- 
borniola minima Utermohl (Biol. Zen- 
tralbl., 45,1924, 605) for the small brown¬ 
ish bacteria which form the covering of 
the central body of Pelochromalium 
roseum] according to this author the cen¬ 
tral body is a larger bacterium, 1.5 by 7 
microns which he named Endosoma 
palleum. 

c. Thioporphyra Ellis, with the single 
species Thioporphyra volulans Ellis 
(Jour. Roy. Technic. Coll. Glasgow, 
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1926, 165). The account of this pleo¬ 
morphic organism, which is claimed to 
multiply by fission, budding, and prob¬ 
ably spore formation, is wholly uncon¬ 
vincing. The shape and size of some of 
the cells make it appear likely that Ellis 
observed mixtures of various kinds of 
purple sulfur bacteria. 

Illustrations; Ellis, ioc. cit., 166, 
fig. 1-14; 171, Micro. 1; 172, Micro. II; 
Sulphur Bacteria, London and New 
York, 1932; 153, fig. 33; 154. fig. 34; 156, 
fig. 35; 158, fig. 30. 

iMually, there exist some, as yet un¬ 
named, red to purple bacteria which con¬ 
tain bactcriochlorophyll and carotenoid 
pigments, are capable of photosynthesis 


in the presence of hydrogen sulfide, but 
excrete elementary sulfur as an inter¬ 
mediate oxidation product instead of 
storing sulfur globules inside their cells 
(van Niel, Arch. f. Mikrobiol., 5, 1931, 
63). They are small motile rods, vibrios 
or spirilla, about 0.5 by 1 to 2 microns. 
They may also occur as spherical cells 
of about 1 micron in diameter. They 
can readily be grown in organic media, 
under anaerobic conditions, in illumi¬ 
nated cultures and may be included 
either with the sulfur purple bacteria or 
with the non-sulfur purple bacteria, 
among which Rhndopseudomonas palus- 
liis is equally capable of photosynthesis 
in the presence of reduced inorganic .sid 
fur compounrls. 
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FAMILY II. ATHIORHODACEAE MOLISCH.* 

(Molisch, Die Purpurbakterien, Jena, 1907, 28; Rhodobacterioideae Buchanan, 
Jour. Bact., 5, 1918, 471; Alhiorhodobacieria Bavendamm, Ergeb. Biol., 13, 1936, 49.) 

Unicellular bacteria, of relatively small size, occurring as spheres, short rods, 
vibrios, long rods and spirals. Motility is due to the presence of polar flagella! 
Gram-negative. They produce a pigment system composed of bacteriochlorophyii 
and one or more carotenoids, coloring the cells yellowish-brown, olive brown, dark 
brown or various shades of red. Color usually not observable with single cells but 
only with cell masses. Generally microaerophilic, although many representatives 
may grow at full atmospheric oxygen tension. Capable of development under 
strictly anaerobic conditions, but only in illuminated cultures by virtue of a photo- 
synthetic metabolism. The latter is dependent upon the presence of e.xtraneous 
hydrogen donors, such as alcohols, fatty acids, hydroxy- and keto-acids, and does 
not proceed with the evolution of molecular oxygen. Those members which can 
grow in the presence of air can also be cultivated in darkness, but only under aerobic 
conditions. 


Key to the genera of family Athlorhodaceae. 


I. Cells rod-shaped or spherical, not spiral-shaped. 

Genus I. Rhodopseudomonas, p. 861 

11. Cells spiral-shaped. 

Genus II. Rhodospirillum, p. 866. 
Genus I. Rhodopseudomonas Kluyver and van Niel emend, van Niel 


(Includes Rhodobacillus MoVisch, Die Purpurbakterien, Jena, 1907, 14; Rhodobac- 
ierium Molisch, ibid., 16; Rhodococcus Molisch, ibid., 20; Rhodovibrio Molisch, ibid., 
21; Rhodocystis Molisch, ibid., 22; Rhodonosloc Molisch, ibid., 23; Rhodosphaera Bu¬ 
chanan, Jour. Bact., 5, \Q\S, 472', RhodorrhagusBergey et al.. Manual, 3rd ed., 1930, 
635; Rhodomonas Kluyver and van Niel, Cent. f. Bakt., II Abt., 94, 1936, 397; not 
Rhodomonas Orla-Jensen, Cent. f. Bakt., II Abt., S8, 1909,331; Kluyver and van Niel, 
in Czurda and Maresch, Arch. f. Mikrobiol., 8, 1937, 119; van Niel, Bact. Rev., 8, 
1944, 86.) From Greek rhodon, red and pseudomonas, false unit. 

Spherical and rod-shaped bacteria, motile by means of polar flagella. Gram¬ 
negative. Contain bacteriochlorophyii which enables them to carry out a photo¬ 
synthetic metabolism. The latter is dependent upon the presence of extraneous 
oxidizable substances and proceeds without the evolution of molecular oxygen. 
Though some members can oxidize inorganic substrates, none appears to be strictly 
autotrophic, due to the need for special organic growth factors. Produce accessory 
pigments causing the cultures, especially when kept in light, to appear in various 
shades of brownish-yellow to deep red. 

The genus includes the members of Molisch's genera Rhodobaclerium, Rhodo¬ 
bacillus, Rhodovibrio, Rhodocystis, Rhodonosloc and Rhodococcus, as well as the genera 
Rhodosphaera Buchanan, Rhodorrhagus Bergey et al. and Rhodomonas Kluyver and 
van Niel. 

The type species is Rhodopseudomonas palustris (Molisch) van Niel. 


* Completely revised by Prof. C. B. van Niel, Hopkins Marine Station, Pacific 
Grove, California, January, 1944. 
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Keys to the species of genus Rhodopseudomonas. 

I. Based upon morphological characters. 

1. Cells clearly rod-shaped in all media. 

a. Cells short, somewhat curved, to long branched rods, size of young and 
short cells 0.6 to 0.8 by 1.2 to 2 microns; in older cultures up to 10 mi¬ 
crons long; do not form slime; liquid cultures, when young, or after 
shaking, evenly turbid. Color red to dark brown-red. 

1. Rhodopseudomonas palustris. 

aa. Cells slender rods, 0.5 by 1.2 microns usually clumped together in exten¬ 
sive slime masses. Cultures pale brown to peach-colored. 

2. Rhodopseudomonas gelatinosa. 

2. Cells more or less spherical in media at pH below 7. 

a. In media at pH about 7 clearly rod-shaped, 1 by 1 to 2.5 microns. Chains 
of cells frequent, and in characteristic zigzag arrangement. 

3. Rhodopseudomonas capsulatus. 

aa. In media at pH above 7 cells still predominantly spherical, 0.7 to 4 mi¬ 
crons in diameter. Mostly single, little tendency to chain formation, 

4. Rhodopseudomonas spheroides. 


11. Based chiefly on physiological properties. 

1. Gelatin liquefied. 

2. Rhodopseudomonas gelatinosa. 

2. Gelatin not liquefied. , 

a. Does not produce mucus in media at pH above 8. Color the same 

aerobic and anaerobic conditions of growth. 

1. Rhodopseudomonas palustris. 

aa. Produce mucus in media at pH above 8. Color brown in anaerobic, red 

in aerobic culture. , vj.f 

b. Develops readily in media with 0.2 per cent propionate as the cnie 

oxidation substrate. Mucus production marked at pH a 

hut very limited between 7 and 8. 

3. Rhodopseudomonas capsulatus. 

bb. Does not develop in media with 0.2 per cent propionate as the roam 
oxidation substrate. Slime formation extensive at pH above i. 

4. Rhodopseudomonas spherotaes. 


III. Based principally upon biochemical characters. 

1. Thiosulfate used as main oxidation substrate. 

1. Rhodopseudomonas palustris. 

2. Thiosulfate not used. 

a. Propionate (0.2 per cent) used. 

3. Rhodopseudomonas capsulatus 

aa. Propionate not used. 

b. Mannitol and sorbitol (0.2 per cent) used. 

4. Rhodopseudomonas spherotaes. 

bb. Mannitol and sorbitol not used. 

2. Rhodopseudomonas gelatinosa. 
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1. Rhodopseudomonas palustris (Mo- 
lisch) van Niel. {Wtodobacillus palustris 
Molisch, Rhodobacterium capsulalum Mo- 
lisch and Rhodovihrio parvus Molisch, 
Die Purpurbaktericn, Jena, 1907, 14, IS 
and 21; Rhodomonas palustris Kluyver 
and van Niel, Cent. f. Bakt., II Abt., 94, 
1936, 397; Rhodopseudomonas No. 9 and 
No. 16, Czurda and Maresch, Arch. f. 
Mikrobiol., 8, 1937, 120; van Niel, Bact. 
Rev., 8, 1944, 89.) From Latin palustcr, 
boggy, marshy. 

Cells; Usually distinctly rod-shaped, 
though in young cultures verj' sliort, 
lightly curved rods may often pre¬ 
dominate. Size variable, even for the 
same strain, and strongly influenced by 
age of culture and composition of me¬ 
dium. Rather consistently short cells 
in young cultures in yeast extract, espe¬ 
cially when incubated anaerobically in 
the light, or in anaerobic cultures with 
substrates which permit only a slow and 
scanty development, such as malonate. 
Dimensions in such cultures 0.6 to 0.8 by 
1.2 to 2 microns. More often, especially 
in older cultures, cells are much longer, 
up to 10 microns. Highly characteristic 
is the pronounced tendency to the forma¬ 
tion of irregularly shaped, bent and 
crooked long rods, occasionally swollen 
at one or both extremities, and fre¬ 
quently suggesting branching. Such 
cells usually form clusters reminiscent 
of Corynebaclerium and Mycobacterium 
cultures. 

Cells in young cultures actively motile 
by means of polar flagella; irregular and 
long cells as a rule non-motile. Gram¬ 
negative. 

Growth in liquid media never mucoid; 
sediment in older cultures homogeneous 
and smooth, readily redispersible. 

Color: Varies considerably, depending 
upon the medium, and especially in 
anaerobic illuminated cultures. Where 
development is slight (as in malonate, 
thiosulfate, and, usually, glycerol me¬ 
dia), the color is a light pink; in fatty 
acid-containing media more nearly dark 
reddish-brown. Color due to bacterio- 


chlorophyll and a nu«nl)er of dift'orent 
carotenoid pigments; most strains pro¬ 
duce in addition a water-soluble, non- 
carotenoid, bluish-red pigment which 
diffuses into tlie culture medium. 

In yeast extract cultures growth is 
possible over the range pll 6 to S.5. 
With certain substrates, especially fatty 
acids, the combined effect of low pII and 
a substrate concentration of 0.1 to 0.2 
per cent may prevent growth. No char¬ 
acteristic odors save that old cultures 
may develop a distinct ionone-like frag¬ 
rance. Gelatin is not liquefied; leucine 
is generally utilized as a substrate. 

Most strains arc able to grow on the 
surface of agar plates or slants; a few, 
especially when first isolated, appear 
more sensitive to o.xygen and develop 
only in stabs in which the upper region 
may remain free of growth. Generally 
such strains can be adapted to grow at 
full atmospheric o.xygen tension. 

Most fatty acids and hydroxy acids 
are adequate oxidation substrates. All 
cultures can grow at the expense of thio¬ 
sulfate and produce rapid and profuse 
growth in glutarate and ethanol media. 
No development in media containing as 
the chief oxidation substrate 0.2 per cent 
sorbitol, glucose or mannose, even 
though these substances arc not inhibi¬ 
tory. Molecular hydrogen can be oxi¬ 
dized. 

.■Ml cultures can develop anaerobically 
in illuminated cultures by photo¬ 
synthesis. 

Temperature optimum generally 
rather high, good development being 
possible up to 37®C. However, certain 
strains exhibit a lower temperature 
oiltimum. 

Distinguishing characteristics: Mor¬ 
phological resemblance to species of 
Mycobacleritun in old cultures; ability 
to grow with thiosulfate as the chief 
oxidizable substrate, and failure to 
develop in media which contain carbo¬ 
hydrates or sugar alcohols in a concen¬ 
tration of 0.2 per cent as the main oxidiz- 
able compounds. 
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Habitat: Regularly found in mud and 
stagnant bodies of water. 

Illustrations: MoHsch, loc. cit., Plate 
I, fig. 1, 2; Plate II, fig. 10; van Kiel, 
toe. cit., fig. 1-3, p. 18, and fig. 18-2G,p. 90. 

2. Rhodopseudomonas gelatinosa (Mo- 

lisch) van Niel. {Rhodocyslis gelatinosa 
Molisch, Die Purpurbakterien, Jena, 
1907, 22; van Niel, Bact. Rev., 8, 1944, 
9S.) From Latin gclatio, freezing, indi¬ 
cating solidification, or in this case, 
clumping. 

Colls: In young cultures, short and 
small rods, approximately 0.5 by 1 to 2 
microns. In old cultures much longer, 
up to 15 microns, and then irregularly 
curved rods, often swollen and gnarled 
in places up to 1 micron in width. In 
this stage the cells bear some resemb¬ 
lance to those found in old cultures of 
Rhodopseudomonas paluslris, but the 
characteristic Mycnhactcrium-Vike clus¬ 
ters of the latter are absent. Single 
cells infrequent due to a copious mucus 
production in all media which causes 
the cells to clump together. While 
young cells are actively motile by means 
of polar flagella, motility is often diffi¬ 
cult to ascertain as a result of the pro¬ 
nounced tendency to conglomerate; the 
individuals in the clumps appear to be 
non-motilc. Gram-negative. Gelatin 
is liquefied; of the single amino acids 
alanine, asparagine, aspartic and glu¬ 
tamic acids appear generally satisfactory 
substrates. 

Color: Quite distinctive in most an¬ 
aerobic cultures as a pale, delicate, pink¬ 
ish shade, rather peach-colored. Only 
in the presence of rather high concentra¬ 
tions of yeast extract (when a much 
heavier growth is obtained than with low 
concentrations supplemented ^^*ith 0.2 
per cent of various single oxidation sub¬ 
strates) do the slimy cell masses appear 
a dirty, faded brown. Color is due to 
bacteriochlorophyll and carotenoid pig¬ 
ments. Occasionally a water-soluble, 
non-carotenoid, bluish-red pigment is 


produced which diffuses into the culture 
medium. 

In yeast extract, growth occurs over a 
pH range extending from at least 6.0 
to 8.5. 

Cultures produce a characteristic 
acrid odor. 

More sensitive to fatty acids than 
other species of Rhodopseudomonas; with 
0.2 per cent propionate no growth occurs. 
The best single o.xidizable substrates 
appear to be ethanol, glucose, fructose 
and mannose, as well as a variety of 
amino acids. Citrate also permits goo( 
growth; not, on the other hand, glycerol, 
mannitol, sorbitol or tartrate in the 
usual concentration of 0.2 per cent. 

Thiosulfate is not oxidized; behavior 
towards molecular hydrogen unknown. 

More pronouncedly microaerophilic 
than the other Rhodopseudomonas spe¬ 
cies; most cultures cannot develop on 
aerobically incubated slants or agar 

Capable of strictly anaerobic develop¬ 
ment in illuminated cultures by virtue 
of a photosynthetic metabolism. 

Temperature relations so far unknown. 

Distinguishing properties: The smal 
size of the individual cells, and the pro 
nounced clumping which ^ 

cultures to be exceptionally stringy; 
unusual color of the cell masses; the 
ability to liquefy gelatin, to utilize ci- 
tratc and a number of amino acu 
Correlated with these is the failure 
grow in media with 0.2 per cent pro¬ 
pionate, tartrate and glycerol. 

Habitat: Regularly present in stagn 
bodies of water and in mud. 

Illustrations: Molisch, loc. ciL, 

I» fig- 8; van Niel, loc. ctL, fig- 
p. 99; fig. 61-66, p. 100. 


Rhodopseudomonas capsulatus (Mo 
0 van Niel. {Rhodonostoc capsu- 
n Molisch, Die Purpurbakterien, 

t, 1907, 23; van Niel, ! 

92.) From Latin capsula, con 

er (sheath). 
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Cells: Depending upon the pll of the 
medium, cells nearly spherical, or as dis¬ 
tinct rods, often devoid of motility. 
Motility due to polar flagella. The 
spherical cells are found in media with a 
pH below 7; they are usually arranged 
in chains resembling streptococci. Rod¬ 
shaped cells are characteristic for media 
with pll above 7; the higher the pH, 
the longer the rods. Individual cells 
slightly less than 1 micron wide, although 
attenuated rods (about 0.5 nneron in 
width) are frequent at pH above S, and 
slightly swollen cells (to 1.2 microns) are 
found in media containing sugars. 
Length varies from 1 to G microns; most 
common dimensions in approximately 
neutral media 2 to 2.5 microns. At pH 
above 8 abnormal growth in the form 
of irregular filaments. Outstandingly 
characteristic is the zigzag arrangement 
of the cells in chains. 

Cultures in media of pH 8 or above are 
distinctly mucoid. Oram-negative. 

Color: Anaerobic cultures develop 
with a brown color, the shade ranging 
from a light yellowish-brown to a deep 
mahogany brown. When grown in the 
presence of oxygen, the cultures are 
dark red. Even the pigmentation of the 
brown-colored organisms from an an¬ 
aerobic culture can be changed into a 
distinct red by shaking a suspension with 
air for some hours; light enhances the 
rate of this color change. Color duo to 
bacteriochlorophyll and carotenoid pig¬ 
ments. No diffusible water-soluble pig¬ 
ment is produced. 

Growth possible over a pH range from 
at least 6 to 8.5, morphology becoming 
abnormal in the alkaline media. 

Most cultures are odorless, although 
occasionally a faint peach-like odor can 
be detected. 

Growth is not inhibited by the pres¬ 
ence of oxygen, although the pigmenta¬ 
tion is thereby affected. 

Fatty acids and most substituted acids 
are satisfactory substrates. Rapid and 
abundant growth with propionate at a 


concentration of 0.2 per cent. At this 
same concentration glutaric acid leads, 
at best, to very meager cultures, while 
tartrate, citrate and gluconate fail to 
induce growth, as do also ethanol, 
glycerol, mannitol and sorbitol. In 
media with 0.2 per cent glucose or fruc¬ 
tose good growth is obtained. No 
growth with mannose. Thiosulfate is 
not, but molecular hydrogen can be,oxi¬ 
dized by this species. 

Gelatin is not liquefied; of the amino 
acids alanine and glutamic acid are satis¬ 
factory substrates, while leucine is not 
utilized. 

Distinguishing properties: Cell shape 
and arrangement in chains; brown color 
of anaerobic, red pigmentation of aerobic 
cultures; ability to grow in media with 
0.2 per cent propionate, glucose, fruc¬ 
tose, alanine and glutamic acid; failure 
to develop with leucine, as well as with 
ethanol, glycerol, mannitol and sorbitol 
in the above-mentioned concentration. 

All cultures can develop anaerobically 
in illuminated cultures by a photosyn¬ 
thetic metabolism. 

Temperature optimum distinctly lower 
than for lihodopscudomonas palustris, 
and, as a rule, around 25®C. 

Habitat: Regularly found in stagnant 
bodies of water and in mud. 

Illustrations: Molisch, loc. cit., Plate 
II, fig. 9; van Kiel, loc. cit., fig. 4-6, 
p. 19; fig. 27-32, p. 92; and fig. 33-38, 
p. 93. 

4. Rhodopseudomonas spberoldes van 
Kiel. {Rhodococcus capsulalus Molisch, 
Die Purpurbaktericn, Jena, 1907, 20; 
Rhcdococcus minor Molisch, ibid., 21; 
Rhodosphaera capsulata Buchanan, Jour. 
Bact., S, 1918, 472; Rhodosphaera minor 
Bergey et a!., Manual, Ist ed., 1923, 405; 
Rhodorrhagns minor Bergey et al., 
Manual, 3rd ed., 1930, 535; Rhndorrhagus 
capsulalus Bergey ct al., Manual, 3rd 
ed., 1930, 535; van Kiel, Bact. Rev., 8, 
1944 , 95.) From Latin sphaera, a round 
body and Greek eidoa, form of. 
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Cells: Generally single, nearly spheri¬ 
cal, diameter without slime capsule 
variable, depending upon meiium, rang¬ 
ing from 0.7 to 4 microns. In young 
cultures actively motile by means of 
polar flagella; motility soon ceases in 
media which are or become alkaline. 
Copious slime production in media at 
pH above 7. In strongly alkaline cul¬ 
tures abnormal cell-shapes occur in the 
form of irregular, swollen and distorted 
rods, often having the appearance of 
spore-bearing cells, simulated by the 
production of fat bodies. In sugar-con¬ 
taining media egg-shaped cells, meas¬ 
uring as a rule 2.0 to 2.5 by 2.5 to 3.5 
microns, arc frequently found. Gram- 
negative. 

Color: Anaerobic cultures develop with 
brown color, ranging in shade from 
a light, dirty greenish-brown to a dark 
brown. Cultures grown in the presence 
of oxygon arc distinctly red. As in the 
case of Rhodupseudoinonas cnpsulatus, 
the brown color of an anaerobic culture 
can be changed to red by shaking with 
air, light stimulating the color change. 
Color due to bactcriochlorophyll and 
carotenoid pigments. The large ma¬ 
jority of cultures of this species produces 
in addition a water-soluble, non-caro¬ 
tenoid, bluish-red pigment which diffuses 
into the culture medium. 

Gelatin is not liquefied, and growth 
with single amino acids appears some¬ 
what erratic. No definite correlations 
have been observed. 

Development is possible over a wide 
pH range, extending from at least 6.0 

to S.5. 

All cultures exhibit an unpleasant pu¬ 
trid odor. 

Requires for optimal development 
higher concentrations of yeast extract 


as a supply of growth factors than either 
Rh)d)pseu.iomonas palustris or Rkodo- 
pseuhnonas capsulatus and is more 
sensitive to low’ fatty acid concentra¬ 
tions. With 0.2 per cent propionate in 
a neutral medium, no growth occurs; 
caproic and pelargonic acids are toxic in 
concentrations below 0.1 per cent. On 
the other hand, tartrate and gluconate 
can serve as oxidation substrates, as can 
also ethanol, glycerol, mannitol, sorbi¬ 
tol, glucose, fructose and mannose in 
0.2 per cent concentrations. 

In sugar-containing media, acid is pro¬ 
duced; the pH may drop to below 4.0 
before development ceases. Acid pro¬ 
duction from glucose occurs both in 
presence and absence of air, and m 
illuminated as well as in non-illuminated 
cultures. In cultures exposed to light, 
the acid usually disappears later on. 

Thiosulfate is not oxidized; hydrogen 
oxidation has not been observed. 

Oxygen does not prevent growth; 
colonies develop on the surface of agar 
plates exposed to air, with a red pig 
mentation. Capable of strictly an 
aerobic development in illuminated cu 
tures by photosynthesis. 

Temperature optimum below Z0°C- 

Distinguishing properties: Spherical 
cell-shape in most media; brown color of 
anaerobic and red pigmentation of 
aerobic cultures; growth with 0.2 per 
cent tartrate, gluconate, ethanol, gyc 
erol, mannitol, sorbitol, glucose, fruc 
lose and mannose; failure to grow wit 

0.2 per cent propionate. 

Habitat: Regularly found in stagnan 

bodies of water and in mud. 

Illustrations: Molisch, loc. ciL, Plat^ 
n, fig. 15; van Niel, loc. ciL, fig- 7' . 
p. 19; fig. 39-45, p. 96; fig. 46-54, p. 97. 


Genus II. Ithodospirillum Molisck emend, van Niel. 

(Molisch,DiePurpurbakterien, Jena, 1907,van 
genus now includes the genus Phaeospiril um Kluyver and Nmb 
II Abt., 94. 1936, 396.) From Greek rkodon, red and ' 6rL-negative. 

Spiral-shaped bacteria, motile by means of polar flag 



FAMILY ATHIORHODACEAE 


8G7 


Contain bacteriochlorophyll and are potentially photosynthetic in the presence of 
extraneous oxidizable substances. Molecular oxygen is not produced. Unable to 
grow in strictly mineral media, even when possessed of the ability to utilize hydrogen 
as oxidizable substrate, due to th« need for organic nutrilites Produce accessory 
pigments causing the cultures, especially when growji in the light, to appear in 
various shades of red to brown. 

The type species is Rhodospirillum rubrum (Esmarcli) Molisch. 

Key to the species of genus Rhodospirillum. 

I. Cultures red; cells well over 0.5 micron, usually about 1 to 1.2 microns in width, 

1. Rhodospirillum rubrum. 

II. Cultures brown to orange; cells 0.5 micron or less in width. 

2. Rhodospirillum fulvum. 


1. Rhodospirillimi rubrum (Esmarch) 
Molisch. {Spirillum ru6rum Esmarch, 
Cent. f. Bakt., I, 1887, 225; Molisch, Die 
Purpurbakterien, Jena, 1907, 25; Rhodo¬ 
spirillum photomelricum Molisch, ibid., 
24; Rhodospirillum giganteum Molisch, 
ibid., 24; Rhodospirillum longum Hama, 
Jour. Sci. Hiroshima Univ., Scr. B, Div. 
2, 1, 1933, 135; Rhodospirillum gracile 
llama, ibid., 159.) From Latin ruber, 
red. 

Cells: Characteristically spiral- 

shaped, but size of elements variable 
within wide limits, depending upon en¬ 
vironmental conditions during growth. 
Width of cells from 0.5 to 1.5 microns; 
length from 2 to 50 microns, and over; 
even in a single culture such differences 
may be found. Also the shape and size 
of the spiral coil varies much; it usually 
ranges between 1 to 4 microns in width, 
and from 1.5 to 7 microns in length. In 
alanine media the majority of the cells 
occurs in the form of half-circles to com¬ 
plete rings; malatc media tend to pro¬ 
duce much flattened spirals. 

In old cultures involution forms ap¬ 
pear, straightened spirals and irregularly 
swollen cells, the latter common in 
media with higher fatty acids. Such 
cells stain irregularly, contain fatty in¬ 
clusions, and are occasionally branched. 

Mucus is not produced. In calcium- 
deficient media the growth is flocculent, 
as if agglutinated. With an adequate 
calcium supply the growth in liquid 


media is homogeneous, suspended, and 
consists of single cells. 

Young cultures show active motility, 
due to polar flagella. Ciram-nogativc. 

Gelatin is not liquefied; the amino 
acids alanine, asparagine, aspartic and 
glutamic acids are satisfactory oxidiz¬ 
able compounds. 

Color: Ordinarily deep and dark red, 
without any brownish tinge. In etliano! 
media lighter, and a characteristic pink. 
Pigment production markedly innucncc'd 
by oxygen and light. Slants incubated 
in darkness present a pale grayish sur¬ 
face growth with a faint reddish hue, 
while often showing deep-red cell masses 
in the region between glass wall and agar 
surface where development proceeds at 
low oxygen tension. The color is due to 
bacteriochlorophyll and carotenoid pig¬ 
ments. Among the latter spirillo.xaii 
thin is quantitatively predominant. 
Water-soluble, diffusible pigments are 
not produced. 

Development possible over a pli range 
of at least 6 to 8.5, although, as in other 
cases, the combination of an acid reac¬ 
tion and the presence of fatty acids may 
prevent growth. 

Cultures produce a distinctive odor, 
reminiscent of slightly putrid yeast. 

In general, grow w’ell with fatty acids 
as the chief oxidizable substrate; how¬ 
ever, are prevented from growing by 
0.2 per cent propionate in a neutral 
medium. Most substituted acids are 
equally satisfactory, with the exception 
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of tartrate, gluconate and citrate. In a 
concentration of 0.2 per cent, ethanol is a 
suitable substrate, whereas the carbo¬ 
hydrates and their corresponding poly¬ 
alcohols are not utilized. 

% 

Thiosulfate is not oxidized; molecular 
hydrogen can be used by some strains. 

Rather microacrophilic; many strains 
upon initial isolation incapable of growth 
at atmospheric oxygen tension. Subse¬ 
quent adaptation can be induced. But 
even such adapted cultures exhibit nega¬ 
tive chemotaxis to air. 

Capable of strictly anaerobic develop¬ 
ment in illuminated cultures on the basis 
of a photosynthetic metabolism. 

Temperature optimum generally be¬ 
tween 30® and 37®C. 

Distinguishing properties: The most 
important characteristics of the species 
are the spiral shape, combined with the 
ability to produce a red pigment with a 
definite absorption maximum at 550 
millimicrons in the intact cells. Diag¬ 
nostically useful are the good growth in 
media with 0.2 per cent ethanol, alanine, 
asparagine, aspartate or glutamate, and 
the inadequacy of similar concentrations 
of carbohydrates and thiosulfate as 
substrates. 

Habitat: Regularly present in stagnant 
bodies of water and in mud. 

Illustrations: Molisch, loc. cti., Plate 
I, fig. 5-7; van Kiel, Bact. Rev., 8, 1944, 
fig. 9-10, p. 19; fig. 11-16, p. 24; fig. 67- 
75, p. 103; fig. 76-84, p. 104; fig. 85-90, 
p. 106; fig. 91-96, p. 107. 

2. Rhodosplrlllum fulvum van Niel. 
(Bact. Rev., 8, 1944, 108.) From Latin 
fulvum, yellowish, tawny. 

Characteristic for the species is the 
very small size of the individual cells. 
These are not over 0.5 micron wide, and 
generally not longer than 2.5 microns. 
The most common shape consists of a 
complete turn of about 1 by 1.5 microns. 
In media with fatty acids as a substrate 
the spirals appear somewhat steeper than 
in fumaratc, succinate or malatc cul¬ 
tures. Swollen individuals resembling 


vibrios are encountered in cultures which 
do not appear quite healt hy. Formation 
of mucus or clumping has not been ob¬ 
served. 

Gelatin is not liquefied; aspartate has 
been the only amino acid capable of in¬ 
ducing growth. Thiosulfate is not oxi¬ 
dized. 

Color: Quite distinct from that of 
Rhodospirillum rubrum; colonics and 
stab cultures arc a reddish-brown, while 
liquid cultures often appear brownish- 
orange. The color is due to baeterio- 
chlorophyll and carotenoid pigments; 
among the latter spirilloxanthin, as evi¬ 
denced by the absence of an absorption 
maximum at 550 millimicrons, is not 
represented as a major constituent. 
Docs not produce water-soluble, diffus¬ 
ible pigments. 

Capable of strictly anaerobic develop¬ 
ment in illuminated cultures, due to 
photosynthctic metabolism. 

Fatty acids and the four-carbon dicar- 
boxylic acids are uniformly good sub¬ 
strates; glutaratc is not used. Ethanol 
and glucose, in a concentration of 0.2 per 
cent, have yielded satisfactorj' cultures, 
other carbohydrates, as well as the corre¬ 
sponding polyalcohols, have given nega¬ 
tive results. 

Little information available concern¬ 
ing pH and temperature relations. Be¬ 
haves generally as a strict anaerobe, 
adaptation to microacrophilic conditions 
has not been achieved. Negative aero 

taxis very pronounced. 

Distinguishing properties; The small 
size and the color of the. cultures seri-e 
as adequate criteria for its differentia 
tion from Rhodospirillum rubrum. The 
strictly anaerobic nature and the fai ure 
to grow with glutarate and various 
amino acids except aspartate can pro 
ably be used as supplementary speci c 

properties. , 

Habitat: Bodies of stagnant water an 

mud. c 

Illustrations; Van Niel, loc. ctt., 8- 

97-102, p. 109. 
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FAMILY III. CHLOROBACTERIACEAE GEITLER AND PASCHER.* 

{Cyanochloridinae'Chlorohacicriaceae Geitler and Pascher, Die Siisswasserflora 
Dcutschlands, Osterrcichs und der Schweiz, Jena, 12, 1925, 451; Chlorothiobacteria 
Bavendamm, Ergeb. Biol., IS, 1936, 49.) 

Green bacteria, usually of small size, occurring singly or in cell masses of various 
shapes and sizes, developing in environments containing rather high concentrations 
of hydrogen sulfide and exposed to light. As a rule not containing sulfur globules 
but frequently depositing elementary sulfur outside the cells. Contain green pig¬ 
ments of a chlorophyllous nature, though not identical with the common green plant 
chlorophylls nor with bacteriochlorophyll. Capable of photosynthesis in the pres¬ 
ence of hydrogen sulfide; do not liberate oxygen. 

A number of genera have been proposed, characterized by special colonial growth 
forms, others on the basis of a supposed symbiotic habitus, where the green bacteria 
grow in more or less characteristic aggregates together with other micro-organisms. 
In view of the variations in size and shape exhibited by the only member of this 
group which has so far been obtained and studied in pure culture (van Niel, Arch. f. 
Mikrobiol., S, 1931, 65ff.) the validity of many of these genera is doubtful. The fol¬ 
lowing keys and descriptions, therefore, bear a strictly provisional character. Here, 
as in the case of the sulfur purple bacteria, significant advances can only be expected 
from pure culture studies under controlled environmental conditions. 

Key to ike genera of family Chlorobacterlaceae. 

I. Free-living bacteria not intimately associated with other microbes. 

a. Bacteria not united into well defined colonies. 

Genus I. Chlorobium, p. 869. 

aa. Bacteria united into characteristic aggregates. 

b. Bacteria without intracellular sulfur globules. 

Genus II. Pelodictyon, p. 870. 

bb. Bacteria with intracellular sulfur globules. 

Genus III. Clalhrochloris, p. 872. 

II. Green bacteria found as symbiotic aggregates with other organisms. 

a. Aggregates composed of green bacteria and protozoa. 

Genus IV. Chlorobacterium, p. 872. 

aa. Aggregates composed of two different types of bacteria. 

b. Aggregates small, barrel-shaped, actively motile, and consisting of a 
central, polarly fiagellated, rod-shaped bacterium with a covering of 
green sulfur bacteria. 

Genus V. Chlorochromatium, p. 873. 

bb. Aggregates large, cylindrical, non-motile, and composed of a central 
filamentous bacterium with a more or less extensive covering of green 

sulfur bacteria. 

Genus VI. Cylindrogloea, p. 873. 

Genus I. Chlorobium Nadson. 

(Nadson, Bull. Jard. Impdr. Botan., St. P^tersb., IS, 1912, 64 (Russian), 83 (Ger- 
man); Chloronostoc Pascher, Die SQsswasserfiora Deutschlands, Osterreichs und der 
Schweiz, Jena, IS, 1925, 456; Tetrackloris Pascher, ibid., 455; Sorochloris? Pascher, 

• Completely revised by Prof. C. B. van Niel, Hopkins Marine Station, Pacific 
Grove, California, January, 1944. 
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ibid.y 455; Chloropseudomcnas? Czurda and Maresch, Arch. f. Mikrobiol., 8, 1937, 
123; in part, Pelogloea Lauterborn, Verhandl. naturhistor.-medizin. Vereins, Heidel¬ 
berg, N.F. 13, 1915, 430.) From Greek chloros, green and bios, life. 

Green sulfur bacteria, occurring singly or in chains, individual cells of various 
sizes and shapes, from spherical to relatively long rod-shaped, the latter sometimes 
coiled into tight spirals; often united in chains, and generally embedded in a slime 
capsule. Xon-motile. Contain a chlorophyllous pigment different from the com¬ 
mon green plant chlorophylls and from bacterio-chlorophyll. Capable of photosyn¬ 
thesis in the presence of hydrogen sulfide, during which they produce elementary 
sulfur which is excreted outside the cells. Do not form spores. 

The type species is Chlorobium limicola Nadson. 


1. Chlorobium limicola Nadson. 
(Nadson, Bull. Jard. Imp^r. Botan., St. 
P^tersb., 12, 1912, 64 (Russian), 83 
(German); Chloronostoc abbreviatum Pas- 
cher, Susswasserflora Deutschlands, 
Osterreichs und der Schweiz, Jena, 
12, 1925, 456; Tetrachloris inconslans 
Pascher, ibid., 456; Sorochhris aggre- 
gala? Pascher, ibid., 455; in part Felo- 
gloea chlorina Lauterborn, Verhandl. 
naturhistor.-medizin. Vereins, Heidel¬ 
berg, N.F. IS, 1915, 430.) From Latin, 
mud-dweller. 

Cells: Various shapes and sizes, mark¬ 
edly dependent upon environmental 
conditions. In young and healthy state 
predominantly spherical to ovoid, about 
0.5 to 1 micron in diameter, frequently 
united in chains resembling streptococci. 
Often cells become elongated and appear 
as rods, generally about 0.7 micron by 
1 to 2.5 microns; also these may remain 
united in chains. Regularly produce 
mucus, causing the formation of cell- 
conglomerates of different size and shape, 
but not, as a rule, of characteristic 
appearance. 


Color yellowish-green. Non-motile. 

Abnormal cell forms (involution 
forms) rather conrunon. These may be 
larger spherical cells, up to 5 to 6 microns 
in diameter, the larger ones generally 
vacuolated, or long rods, occasionally 
club-shaped but more often coiled. In 
rare cases the latter may be loosely 
wound. More frequently they are 
tightly-coiled screws, with cells of about 
0.5 micron in diameter by as much as lo 
microns in length. The spherical in¬ 
volution forms are normally encountered 
in acid, the coiled ones in alkaline en¬ 
vironments. 

Strictly anaerobic and apparently 
dependent upon hydrogen sulfide and 
light. Development in organic media 

has not been obtained. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light; 
more rarely in sulfur springs. 

Illustrations: Nadson, loc. cil-, PI- ^ > 
fig. 3-12; van Xiel, Arch. f. Mikrobiol., 

3, 1931,66, fig. 8. 


Genus II. Pelodictyon Lauterborn. 

(Lauterborn, Allgem. botan. Ztschr., 19, 1913,98; Verhandl. 

Vereins, Heidelberg, N.F. IS, 1915, 431; Schmidka loc cil., f^hist! 

botan. Zeitschr., 19, 1913, 97; in part, Pelogloea SuTswasser- 

medisin Vereins, Heidelberg, N.F. IS, 1915, 430 ; FedmcAlor.s Ge.tier. Die Sus^ 

flora Deutschlands, Osterreichs und der Schweiz, Jena, 12, 1925, 45 .) 

'•'sriS “Si,“ini. Id......id.. .'“'-s.'." 

rather extensive mucoid capsules, and generally ® ^ ® different from 

acteristic shapes. Non-motile. Contain chlorophyllous pigme 
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the common green plant chloropliylls and from bactoriociilorophjdl. Capable of 
photosynthesis in the presence of hydrogen sulfide, but do not store sulfurglobules 
inside the cells. 

The type species is Pdodictyon clathratifonue (Szafer) Lauterborn. 


Key to the species of genus Pelodictyon. 


I. Cells united in colonies in a net-like fashion. 

1. Pelodictyon clathratifonue. 

II. Cells arranged in tightly packed colonics without net-like structure. 

a. Colonies composed of irregularly arranged cell-masses, extending in three 
dimensions. 


2. Pelodictyon aggregatum. 

aa. Colonies consisting of parallel strands and extending in two dimensions. 

3. Pelodictyon parallelum. 


1. Pelodictyon clathratiforme (Szafer) 
Lauterborn. {Aphanothcce clathraU- 
forme Szafer, Bull. Acad. Sci., Cracovie, 
S^r. B,5, 1910, 162; Lauterborn, Allgem. 
botan. Zischr., 19, 1913, 98; Lauterborn, 
Verhandl. naturhist.-medizin. Vereins, 
Heidelberg, N.F. IS, 1915, 430; Pelodic¬ 
tyon clathratiforme Geitlcr, Die Stiss- 
wasserflora Deutschlands, Osterreichs 
und der Schweiz, Jena, 12, 1925, 458; 
Pelodictyon laulcrhornii Geitler, ibid., 
458.) From Greek clathrns, trellis and 
formis, shape. 

Cells: Generally rod-shaped, ranging 
from slightly elongated ovoids to dis¬ 
tinct rods, often vacuolated, about 0.5 
to 1.5 micron by 2 to 4 microns, produc¬ 
ing rather wide slime capsules, and 
characteristically united into three- 
dimensional colonies which present a 
net-like appearance, with mazes of 
about 10 to 60 microns. 

Color ycllow’ish-grcen. Non-inotilc. 

Abnormal cell forms (involution 
forms) not uncommon, consisting of 
elongated and curved, forked, or club- 
shaped and swollen rods, occasionally 
suggesting rudimentary branching at the 
extremities. Such cells may be found 
as elements in chains for the greater 
part composed of normal individuals. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light; 
sulfur springs. 

Illustrations: Szafer. loc. oil-, PL VI, 


fig. 5; Pcrfilicv, Jour. Microbiol. (Rus¬ 
sian), /. 1914, PI. 11, fig. 1,5-12; Lauter¬ 
born, loc. cit., 1915, PI. Ill, fig. 33. 

2. Pelodictyon aggregatum Perfiliev. 
(Aphanothcce lutecla Schmidlo, Bciheftc 
Botan. Cent., 10, 1001, 179; Schmidlea 
luteola Lauterborn, Allgem. botan. 
Ztschr., 19, 1913, 97; Lauterborn, Ver¬ 
handl. naturhistor.-medizin. Vereins, 
Heidelberg, N.F., IS, 1915, 429; Pclo- 
gloca bacillifera I.auterborn, ibid., 430; 
Perfiliev, Jour. Microbiol. (Russian),/, . 
1914, 197.) From Latin aggregatiis, 

leading together, grouping. 

Cells: Usually rod-shaped, about I to 
1.5 microns by 2 to 4 microns, often 
vacuolated, producing mucus capsules, 
and united into irregularly shaped, 
three-dimensional colonies in which the 
cells are more or less tightly packed, 
without orderly arrangement. Colonies 
may attain a size of up to 1 mm; fre¬ 
quently they are not fully compact, but 
contain less dense areas, or appear per¬ 
forated, thus forming transition stages 
to Pelodictyon clathratiforme. 

Color yellowish-green. Non-motile. 

Abnormal cell forms (involution 
forms) usually in the shape of elongated 
and curved, forked or club-shaped and 
swollen rods, occasionally suggesting 
branching at extremities. 

Habitat:Mud and stagnant water,con¬ 
taining rather high concentrations of 
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hydrogen sulfide, and exposed to light; 
sulfur springs. 

Illustrations: Perfiliev, loc. cil., PI. II, 
fig. 2; Laulorborn, loc. cil., PI. Ill, fig. 
29-31. 

3. Pelodictyon parallelum Perfiliev. 
(Aphanol/iece parallela Szafer, Bull. 
Acad. Sci., Cracovie, Sdr. B, S, 1910, 163; 
Perfiliev. Jour. Microbiol. (Russian), I, 
19M, 198; Pcdiochhris parallela Geitler, 
Die Susswasserflora Dcutschlands, Os- 
terreichs und der Schweiz, Jena, 12, 1925, 
457.) From Latin parallelus, beside 
one another. 

Cells; Rather small, spherical to ovoid, 
or even rod-shaped; about 0.5 to 1 micron 


by 1 to 3 microns, occurring in chains, 
and forming flat, plate-like, two-dimen¬ 
sional aggregates in which the chains are 
arranged as parallel strands. 

Color yellowish-green. Non-motile. 

Abnormal cell forms not specifically 
mentioned, but likely to occur, and to 
resemble those of other species. 

This species may well be a special 
growth-form of Chlorobiian limicola. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light; 
sulfur springs. 

Illustrations: Szafer, loc. ciL, PL VI, 
fig. 7; Perfiliev, loc. cil., PI. H, fig- 2- 


Genus III. Clathrochlorls Geitler. 

(Die SUsswasserflora Deutschlands, Osterreichs und der Schweiz, Jena, 12, 1925, 
457.) From Greek clathros, trellis and chloros, green. 

Green sulfur bacteria of small size, generally spherical, and arranged in chains 
which are united into loose, trellis-shaped aggregates, somewhat similar to those of 
Pelodictyon clalhratiforme and Pelodiclyon aggregalum. Cells usually contain sulfur 
globules. Color yellowish-green. Non-motile. 

The type species is Clalhrochloris sulphurica (Szafer) Geitler. 


1. Clathrochlorls sulphurica (Szafer) 
Geitler. (Aphanothcce sulphurica Sza¬ 
fer, Bull. Acad. Sci., Cracovie, S^r. B, 3, 
1910, 162; Geitler, Die SUsswasserflora 
Deutschlands, Osterreichs und der 
Schweiz, Jena, 12, 1925, 457.) From 
Latin, containing sulfur. 

Cells: Spherical, about 0.5 to 0.7 mi¬ 
cron in diameter, usually containing 
sulfur globules. Color yellowish-green. 
Non-motile. 

The reported occurrence of sulfur 
globules in the cells of this very small 
species is surprising; it is the only one 


among the green sulfur bacteria in which 
these inclusions have been encountered. 


The published descript ions arc even more 
fragmentary than those of other mem¬ 
bers of the group. 

Source: Reported only from sulfur 
springs in Lubi^n Wielki, near Lwo«, 
Polantl. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 

hydrogen sulfide and exposed to lig ti 
sulfur springs. 

Illustration: Szafer, loc. cil., PL > 


fig. 6. 


Genus IV. Chlorobacterlum Laulerborn. 

(Lauterborn, Verhandl. naturhist.-medizin. Vercins, Heidelberg, 

429; not Chlorobacterium Guillebeau, Landw. Landw. Jahrb. d. Schweiz, 4, ’ . ’ 

CAroostfpesPascher, Die SUsswasserflora Deutschlands, Osterreichs und er c 

Jena, 12, 1925, 116.) From Greek chloros, green and Latin bacterium, » 11 ^ 

Green sulfur bacteria(?) which grow symbiotically as an outside * curved, 

of protozoa, such as amoeba and flagellates. Cells rod-shaped, often s g 

greenish. Non-motile. 

The type species is Chlorobacterium eymbioticum Lauterborn. 
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1. Chlorobacterlum symbioticum Lau- 
terborn. (Lautcrborn, Verhan<l!. na* 
turhist.-mcdizin. Vcreins, Hcidolberg, 
N.F., IS, 1915, 429; Chroostipcs linearis 
Paschcr, Die SUsswasserflora Deutscli- 
lands, Ojtorreichs und dcr Schweiz, 
Jena, 18, 1925, 116.) From Greek, living 
symbiotically. 

Cells: Kod-shaped, about 0.5 by 2 to 5 
microns, often sliglitly curved. Non- 
motile. 

Occur as a peripheral covering of cer¬ 
tain protozoa with which they may form 
a symbiotic unit. 


It is not certain tiiat this is a green 
sulfur bacterium; the description of 
localities wliere it was found fail to 
mention the presence of hydrogen sul¬ 
fide in the environment which should be 
a prerequisite for a member of thi.s 
group. 

Source: Heporled from a number of 
pools in Germany. 

Habitat: Stagnant water. 

Illustrations: Lautcrborn, loc. cil., 
Id. Ill, lig- 31 36; Fascher. loc. cit., 
fig. 149. 


Genus V. Chlorochromatium Lauterborn. 

(Lauterborn, Allgem. botan. Ztschr., W, 1906, 196; Chloronium Buder, Her. d. 
deut. bot. Ges., SI, 1914, Generalversammlungsheft. 80.) trom Greek chloros, green 

and chroma, color. . . , • , 

Green sulfur bacteria, ovoid to rod-shaped with rounded ends, occurring as barre - 

shaped aggregates, consisting of a rather large colorless bacterium with a polar flagel¬ 
lum as the center, surrounded by the green bacteria, arranged in 4 to 6 ro^\s, ordi¬ 
narily from 2 to 4 cells high. The entire conglomerate behaves like a unit, is motile, 
and multiplies by the more or less simultaneous fission of its components. 

The green constituents contain a chlorophyllous pigment which is not identical 
with the common green plant chlorophylls or with bactenochlorophy . Capable 
of photosynthesis in the presence of hydrogen suldde, but do not store sulfur globules 

in the cells. 

The type species is Chlorochromatium aggregalum Lauterborn. 


1. Chlorochromatium aggregalum Lau¬ 
terborn. (Lauterborn, Allgem. botan. 
Ztschr., 19, 1906, 196; Chloronium mira- 
hile Buder, Ber. deut. botan. Ges., 31, 
1914, Generalversammlungsheft, 80.) 
From Latin aygregatus, grouped. 

Cells of the green component 0.5 to 
1.0 by 1.0 to 2.5 microns, mostly from 8 
to 16 individuals surrounding the central 
bacterium. Size of the total barrel¬ 
shaped unit variable, generally 2.5 to 5 
by 7 to 12 microns. Occasionally a group 
of the complex colonics may remain at¬ 
tached in a chain. 

Anaerobic. 

Habitat: Mud and stagnant w’ater con¬ 


taining rather high concentrations of 
hydrogen sulfide and exposed to light. 

There is at present no good reason for 
distinguishing 2 varieties (forma typica 
and forma minor) or even species, on the 
basis of size differences of the colony, 
as Geitler proposed (Die Siisswasscr- 
flora Deutschlands, Gstcrreichs und dor 
Schweiz, Jena, 18, 1925, 460). The re¬ 
ported and personally observed sizes of 
such units show that the extreme limits 
are linked by a complete series of transi¬ 
tions. 

Illustrations; Buder, loc. cit., FL 
XXIV^ fig. 1-5; Perfiliev, Jour. Micro¬ 
biol. (Russian), 1, 1914, 213, fig. 1-5. 


Genus VI. Cylindrogloea PerjiHev. 

(Jour. Microbiol. (Russian), /. 1914. 223.) From Latin cylmdruB, cylinder and 
Greek gloios, a glutinous substance. 
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Green sulfur bacteria, consisting of small ovoid to rod-shaped cells, growing in 
association with a filamentous, colorless, central bacterium, thus forming colonies 
of a cylindrical shape. Xon-motile. The green component contains a chlorophyl- 
lous pigment different from the common chlorophylls of green plants and from bac- 
teriochlorophyll. Capable of photosynthesis in the presence of hydrogen sulfide, 
without depositing sulfur globules in the cells. 

The type species is Cylindrogloea bacterifera Perfiliev. 


1. Cylindrogloea bacterifera Perfiliev. 
(Jour.Microbiol. (Russian),1,1914,223.) 
From Latin bacler, rod and fero, to 
bear. 

Individual green components ovoid to 
rod-shaped, about 0.5 to 1 by 2 to 4 mi¬ 
crons, very similar to those of the com¬ 
plex Chlorobaclerium symbioticum and 
Chlorochromaiium aggregaliun with which 
they may well be identical. The central 
filamentous bacterium is embedded in a 
slime capsule of considerable dimensions. 
This, in turn, is surrounded by a layer 
of green bacteria, usually one cell thick. 
The green organisms may form a very 
dense outer covering, or they may be 
more sparsely distributed over the mu¬ 
cus capsule. The entire unit is again 
surrounded by a sizeable slime zone. 
Aggregates measure about 7 to 8 microns 
in width, and up to 50 microns in length; 
they are non*motile. Both components 
appear to be non-spore-forming. 

Habitat: Mud and stagnant water con¬ 
taining rather high concentrations of 
hydrogen sulfide and exposed to light. 


Illustration: Perfiliev, loc. cit.y 213, 
fig. fi-n. 

Perfiliev rightly emphasizes, as Ruder 
had done for Chloroniuni mirahile, the 
provisional nature of thus using a gen¬ 
eric designation for an apparently stable 
complex composed of two different or¬ 
ganisms. It remains possible that the 
last three genera of symbiotic entities 
represent fortuitous combinations whose 
occurrence is conditioned by environ¬ 
mental factors. If so, the generic ter¬ 
minology' .would be devoid of any taxo¬ 
nomic significance, and the green 
bacteria should be relegated to more 
appropriate genera. Indications sugges¬ 
tive of this state of affairs can be found 
in the literature; for example in Uter- 
mohl's observation (Archiv f. Hydrobiol., 
Suppl. 5, 1925, 279) that the complex 

Cklorochromatium aggregatum may, espe¬ 
cially in the presence of oxygen, dis¬ 
integrate, whereupon the green con¬ 
stituents appear as small Pelodicty^ 
aggregatum {Schmidlea luteola) colonies 
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ORBER n. ACTINOMYCETALES BUCHANAN. 

(Jour. Bact., 2, 1917, 1C2.) 

Organisms forming elongated cells which have a definite tendency to branch. These 
hyphae do not exceed 1.5 microns and are mostly about 1 micron or less in diameter. 
In the Mijcohacteriaccac the mycelium is rudimentary or absent; no spores are formed; 
the cells arc acid-fast. The Aclinomycetaccae and Streptomycelaccae usually produce 
a characteristic branching mycelium and multiply by means of special spores, oidio- 
spores or conidia. Special spores are formed by fragmentation of the plasma within 
straight or spiral-shaped spore-bearing hyphae; the oidiospores are formed by seg¬ 
mentation, or by transverse division of hyphae, similar to the formation of oidia 
among the true fungi; the conidia are produced singly, at the end of simple or branch¬ 
ing conidiophores. They grow readily on artificial media and form well-developed 
colonies. The surface of the colony, especially in the Actinomycetaceae and Strepto- 
mycctaceae, may become covered with an aerial mycelium. Some form colorless or 
white colonies, whereas others form a variety of pigments. Some species are par¬ 
tially acid-fast. In relation to temperature, most are mesophilic, while some arc 
thermophilic. Certain forms arc capable of growing at low o.\ygen tension. Ihe 
Order as a whole is composed of saprophytic species, but also includes si)ecies that 
are parasitic and sometimes pathogenic on both animals and plants. 

Key to ihe families of order Actinomycetales. 

I. Mycelium rudimentary or absent, no spores formed. Acid-fast. 

Family I. Mycobacteriaceae, p 875. 

II. True mycelium produced. 

A. Vegetative mycelium divides by segmentation into bacillary or coccoid 

elements. Some species partially acid-fast. 

Family II. Aciinomycelaceae, p. 892. 

B, Vegetative mycelium normally remains undivided. 

Family III. Slreplomycetaceae, p. 929. 

Among the recent systems of classification of this order it is sufficient to mention 
the following: Baldacci (Mycopath., 2, 1939 , 84) divided the ovdor Aclinomycelales 
into two families: (a) Mycobacleriaceae Chester with two subfamilies, Ltptotrichi- 
oideae Baldacci and Proactinomycoideae Baldacci, each with five genera, and (b) 
Actinomyceiaceae Buchanan, with two genera, Micromonospora and Aclinomyces. 
Krassilnikov (Ray fungi and related organisms, Izd. Akad. Nauk, Moskow, 1938) 
divided the order into (a) Actinomycetaceae^ with four genera, Actinomyces^ Proac- 
linomyces, Mycobacterium and Mycococcus, and (b) Micromonosporaceae, with one 
genus, Micromonospora. Waksman (Jour. Bact., S9, 1940, 549) divided the order into 
four families: Mycoba^ieriaceae, Proactinomycetaceae, Actinomycetaceae and Mxcro- 

nwnospoTaceae. 

FAMILY I. MYCOBACTERIACEAE CHESTER.* 

(Chester, Man. Determ. Bact., 1901, 349; Proaclinomycetaceae Lehmann and Haag, 
in Lehmann and Neumann, Bfikt. Diag., 7 Aufl., 2y 1927, 674.) 

• Completely revised by Prof. G. B. Reed, Queens University, Kingston, Ontario, 
Canada, December, 1938; minor revisions, December, 1944; with a complete revision 
of MycobacteriuTn leprae and M. lepraemurium by Dr. John H. Hanks, Leonard Wood 
Memorial, American Leprosy Foundation, New York, N. Y. 
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Slender filaments, straight or slightly curved rods, frequently irregular in form 
with only slight and occasional branching. Often stain unevenly, i.e., show variations 
in st.aining reaction within the cell (beading). No conidia. Non-motile. Aerobic. 
Gram-positive. Acid-fast.t Pathogenic species grow slowl}' (several weeks); 
those from soil, water and vegetation more rapidly (several days). 

There is a single genus Mycohaclerium Lehmann and Neumann. 


Genus I, Mycobacterium Lehmann and Neumann. 

{Coccothrix Lutz, Zur Morphologic des Mikroorganismus der Lepra. Dermatolo- 
gische Studien, Ileft 1, 1886, 22; Schlerothrix Metschnikoff, Arch. f. path. Anat. 
u. Physiol., JIS, 1888, 70; Lehmann and Neumann, Bakt. Diag., 1 Aufl., S, 1896, 108; 
Myconwnas Orla-Jensen, Cent. f. Bakt., II Abt., 22, 1909, 329; Eumyces Battaglia, 
Soc. Internaz. Microbiol. Boll. Sez. Ital., 10, 1938, 166.) From Greek myces, fungus 
and bacterium, a little rod. 

Characters as for the family. 

The type species is Mycobacterium tuberculosis (Schroeter) Lehmann and Neumann. 


Key to the species of genus Mycobacterium. 

I. Parasites in warm-blooded animals; grow slowly on all media. 

A. Grow slowly on glycerol agar in atmospheric air; experimentally infect 

guinea pigs and fowls. 

1. Experimentally produces generalized tuberculosis in guinea pigs but 

not in rabbits and fowls. Growth enhanced by the addition of 
glycerol to most media. Generally pale yellow to orange pigmenta¬ 
tion on serum media. 

la. Mycobacterium tuberculosis var. hominis- 

2. Experimentally produces generalized tuberculosis in guinea pigs and 

rabbits but not in fowls. Growth not enhanced by addition o 

glycerol to media. Never pigmented. 

lb. Mycobacterium tuberculosis var. bovis. 

3. Experimentally produces generalized tuberculosis in fowls and rab¬ 

bits but not in guinea pigs. 

2. Mycobacterium avium. 

B. Grows in primary culture on glycerol agar only when extracts of, or heat 

killed acid-fast bacilli are added. Experimentally fails to infect guinea 
pigs or fowls. 

3. Mycobacterium paratuberculosis. 

C. Have not been grown on culture media thus far devised. Experiment y 

fail to infect guinea pigs or fowls. 

1. Has not experimentally been transmitted to any animal species. 

4. Mycobacterium leprae. 

2. Occurs in wild rats, and can be experimentally transmitted to rats an 

some strains of mice. 

5. Mycobacterium lepraemurium. 


t Most acid-fast bacteria treated with carbol-auramin and decolorized 
HCI-alcohol show fluorescence under the microscope when they ® 

wavelength ultraviolet light (Haitinger, Fluorescenz-mikroakopie, 

pp.; Ellinger, Biol. Revs., 15, 1940, 328-350; Richards, Jour. Bact.. 44, la and 

For a discussion of the influence of environment on acid-fastness, see 

Moser, Internat. Jour. Leprosy, 5, 1937, 163. 



FAMILY MYCOBACTERUCEAE 


877 


II. Saprophytes or parasites on cold-blooded animals; grow rapidly on most media. 

A. Fail to survive G0®C for 1 hour. 

1. Fail to grow at 47°C. 

a. Unable to utilize sorbitol. 

6. Mycobaclcrium piscium. 

7. Mycobacterium marinum. 

8. Mycobacterium ranae. 

9. Mycobacterium thamnopheos. 

aa. Utilize sorbitol. 

10. Mycobacterium friedmannii. 

11. Mycobacterium spp. 

2. Grows at 47®C. 

12. Mycobacterium lacticola. 

B. Survives 60°C for 1 hour; grows at 47®C. 

13. Mycobacterium phlei. 


1. Mycobacterium tuberculosis 
(Schroeter) Lehmann and Neumann. 
(Tuberkelbacilien, Koch, Mitteil. a.d. 
kaiserlich. Gesundheitsamte, 2, 1SS4, C; 
Bacillus tuberculosis Schroeter, in Cohn, 
Kryptogamen Flora v. Schlesien, 3, 18S6, 
164; Bacillus tuberculosis FU'igge, Die 
Mikroorganismen, 2 Aufl., 1886, 208; 
Coccolhrix tuberculosis Lutz, Dermatol. 
Studien, 7, 1886, 22; Sclerolhriz kochii 
Metchnikoff, Arch. f. path. Anat. u. 
Physiol., 113, 1888, 70; Bacterium tuber¬ 
culosis Migula, in Englcr and Prantl, 
Die naturlichcn PHanzenfamilien, I 
Abt., la, 1895, 23; Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl., 2, 1896, 363; 
Bacillus kochii, quoted from Lehmann 
and Neumann, idem; Discomyces lubcrcu- 
losus (sic), quoted from Neveu-Lemaire, 
Prdcis do Parasitol. Humainc, 5th ed., 
1921, 25; Sclerolkrix tuberculosis Vuille- 
min,Encyclopddic Mycologique,Paris,2, 
1931,134; Eu7/17/ccs tuberculosis Battaglia, 
Soc. Internaz. Microbiol. Boll. Sez. 
Ital., 10, 1938, 166.) From M. L. tuber¬ 
culosis, tuberculosis. 

Two varieties of this species are com¬ 
monly recognized, the human and the 
bovine. 

la. Mycobacterium tuberculosis var. 
kominis Lehmann and Neumann. (Hu¬ 
man tubercle bacilli, Th. Smith, Trans. 
Assoc. Am. Phys., 11, 1896, 75; Myco¬ 
bacterium tuberculosis typus humanus 
I^hmann and Neumann, Bakt. Diag., 


4 Aufl., 2, 1907, 550.) From Latin 
hominis, of man. 

Common name: Human tubercle ba¬ 
cillus. 

Description from Koch {loc. cil.) and 
Topley and Wilson (Princip. of Bact. and 
Immun., London, 2nd cd., 1936, 315). 

Rods, ranging in size from 0.3 to 0.6 
by 0.5 to 4.0 microns, straight or slightly 
curved, occurring singly and in occa¬ 
sional threads. Sometimes swollen, cla- 
vatc or even branched. Stain uniformly 
or irregularly, showing banded or beaded 
forms. Acid-fast and acid-alcohol-fast. 
Gram-positive. Growth in all media is 
slow, requiring several weeks for de¬ 
velopment. 

This bacterium contains mycolic acid 
(Stodola, Lesuk, and Anderson, Jour. 
Biol. Chem., 126, 1938, 505-513). The 
acid-fast mycolic acid combines more 
firmly with carbol-auramin than with 
carbol-fuchsin and this apparently ac¬ 
counts for the increased sensitivity of 
fluorescence microscopy for this bac¬ 
terium (Richards, Science, 93, 1941, 190; 
Richards, Kline, and Leach, Amer. Rev. 
Tuberc.^ U, 1941, 255-266). 

Nutrient agar: No growth. 

Glycerol agar colonics: Raised, thick, 
cream-colored, with a nodular or wrinkled 
surface and irregular thin margin. 

Glycerol agar slant: After 4 weeks, 
raised, thick, confluent, cream-colored 
growth. 

Nutrient broth: No growth. 
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Glycerol broth: After 8 weeks, thick, 
white or cream-colored, wrinkled pellicle 
extending up the sides of the flask, no 
turbidity; granular or scaly deposit. 

Dorset’s egg slants: After 4 weeks, 
rather sparse, discrete or confluent, 
slightly raised, grayish-yellow grow’th 
with finely granular surface. 

Glycerol egg slants: After 4 weeks, 
luxuriant, raised, confluent, gray to 
yellow growth, with granular surface, 
generally with nodular heaped-up areas. 

Coagulated beef serum: After 4 weeks, 
thin, effuse, confluent, gray to yellow- 
growth, with a very fine granular surface. 

Glycerol beef serum: After 4 weeks, 
luxuriant, thick, raised, confluent, yellow 
to orange-yellow growth, with coarsely 
granular surface, generally with irregu¬ 
larly heaped-up areas. 

Litmus milk: Growth, but no change in 
the milk. 

Glycerol potato: After 4 weeks, luxu¬ 
riant, raised, confluent, cream-colored 
growth with a nodular or warty surface. 

Carbohydrates: Glucose, fructose, arab- 
inose and galactose are utilized; sucrose 
and lactose not utilized (Merrill, Jour, 
liact., 20, 1930, 235, based on the exam¬ 
ination of one strain). 

Optimum temperature 37®C. 

Optimum pH 7.4 to 8.0 (Ishimori, 
Ztschr. f. Hyg., 102, 1924, 329); pH 6.0 
to 6.5 (Dernby and Niislund, Biochem. 

Zeit., 132, 1922, 392). 

Pathogenicity: Produces tuberculosis 
in man, monkey, dog and parrot. Ex¬ 
perimentally, it is highly pathogenic for 
guinea pigs but not for rabbits, cats, 
goats, oxen or domestic fowb. 

Intermediate mammalian types; 
Griffith (Lancet, 1, 1916-17, 721; Jour. 
Path, and Bact., 21, 1924 , 54) has found 
aberrant types particularly in skin lesions 
of both man and ox, which are ia certain 
characteristics intermediate between the 
human and the bovine varieties. He 
finds no evidence, however, that the one 
variety may change into the other. 

Variation: Variation in colony struc¬ 
ture of the two mammalian varieties, 


comparable with that in other species, 
has been described by several authors, as 
Petroff et al. (Jour. Exp. Med., 60, 1934, 
515), Birkhaug (Ann. Inst. Past., 67, 
1933, 428), Kahn et al. (Jour. Bact., 25, 
1933, 157), Uhlenhuth and Sieffert (Zeit. 
Immun., 69, 1930, 187), Reed and Rice 
(Canad. Jour. Res., 6, 1931, 111), Smith- 
burn (Jour. Exp. Med., 63, 1936, 95) and 
Shaffer (Jour. Path, and Bact., 40, 1935, 
107). Several of these authors have 
found associated variation in cell struc¬ 
ture and in virulence though Boquet 
(Compt. rend. Soc. Biol. Paris, 103, 1930, 
290), Birkhaug (Ann. Inst. Past., 40, 
1932, 630), and others, have failed to find 
differences in virulence. Reed and Rice 
(Jour. Immunol., 28, 1932, 385) found the 


1 form to contain an antigenic substance 
mking in the R form. 

Antigenic structure: By agglutination, 
bsorption of agglutinins and comple- 
aent fixation a distinction may be made 
letween the mammalian varieties and 
lycobacterium avium, but it has been im- 
lossible to distinguish, by these mea^, 
letween the two mammalian varieties 
Tullock et al., Tubercle, 6, Oct.-Dec., 
924, 18,57 and 105; Wilson, Jour. Path, 
nd Bact., 28, 1925. 69; Griffith, Tubercle, 

, May, 1925, 417; Rice and Reed, Jour, 
mmunol., 23, 1932, 385; Kauffman. 
Itschr. f. Hyg., 114, 1932, 121)- 
lerculins prepared from the human ant 
he bovine varieties are ordinarily m- 
istinguishable in their action but 
nd Seibert (Jour. Immunol., 20, 1931, 
01) detected a difference by cross an- 

phylactic reactions. 

Distinctive characters: Tubercle 
illi pathogenic for guinea pigs and ra 
its, not for fowls. Mycobactenum^ 
iberculosis var. hominis produces gen 
ralized tuberculosis in guinea p»^ bu 
ot in rabbits. Mycobacierium tubercu^ 
7 sis var. bovis produces 
isease in both guinea pigs and wbbi • 
Irowth of the human variety is enhance 
y the addition of glycerol to mos 
fedia. The growth of the bo^e 
ariety is not enhanced by the additio 
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of glycerol. The human variety gen¬ 
erally develops yellow to red pigment 
on serum media, while the bovine variety 
never produces pigment. Antigenically 
the two varieties are not distinguishable. 

Source: From tuberculous lesions in 
man. 

Habitat: The cause of tuberculosis 
in man. Transmissible to rabbits and 
guinea pigs. 

lb. Mycobacterium tuberculosis var. 
bovis Lehmann and Neumann. (Bovine 
tubercle bacilli, Th. Smith, Trans. 
Assoc. Am. Phys., 11, 1896, 75; 13, 1898, 
417; Jour. Exp. Med., 3, 1898, 451; 
Mycobacterium tuberculosis typus 6o- 
viniis Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907, 550.) From Latin 
bovis, of the ox. 

Common name: Bovine tubercle ba¬ 
cillus. 

Description from Th. Smith {loc. cit.) 
and Topley and Wilson (Princip. of 
Bact. and Immun., 2nd cd., 1936, 315). 

Rods which are shorter and plumper 
than the human type. Range in size 
from 1.0 to 1.5 microns. Very short 
forms are frequently intermixed with 
somewhat larger forms. Stain regularly 
or irregularly. Acid-fast and acid-alco¬ 
hol-fast. Gram-positive. Less easily 
cultivated than the human variety. 

Nutrient agar: No growth. 

Glycerol agar colonics: Small, irregular, 
with granular surface, no pigment. 

Glycerol agar slant: After 4 weeks, 
thin, granular or effuse, confluent growth. 

Nutrient broth: No growth. 

Glycerol broth: After 8 weeks, thin 
grayish-white 61m, slightly nodular, no 
turbidity. Slight granular deposit. 

Dorset’s egg slants: After 4 weeks, 
similar to var. hominis but generally 
poorer growth and no pigmentation. 

Glycerol egg slants: After 4 weeks, 
similar, to Dorset’s egg slants. 

Coagulated beef serum: After 4 weeks, 
thin, effuse, confluent, w’hite to gray 
growth with very fine granular surface. 


Generally less luxuriant than in the 
human variety. 

Glycerol beef serum: After 4 weeks, 
similar to plain beef serum. 

Glycerol potato: After 4 weeks, thin, 
effuse, grayish growth. 

Litmus milk: Growth, but no change in 
the milk. 

Optimum temperature 37®C. 

Optimum pH 5.8 to 6.9 (Ishimori, 
Ztschr. f. Hyg., 102, 1924, 329); 6.0 to 6.5 
(Dernby and Niislund, Biochem. Zeit., 
132, 1922, 392). 

Pathogenicity: Produces tuberculosis 
in ox, man, monkey, goat, sheep, pig, 
cat, parrot, cockatoo and possibly some 
birds of prey. Experimentally, it is 
highly pathogenic for rabbit and guinea 
pig, slightly pathogenic for dog, horse, 
rat and mouse; not pathogenic for fowls. 

Variation: See Mycobacterium tubercU' 
losis var. hominis. 

Antigenic structure: See Mycobacte¬ 
rium tuberculosis var. hominis. 

Distinctive characters: See Mycobac¬ 
terium tuberculosis var. hominis. 

Source: From tubercles in cattle. 

Habitat: The cause of tuberculosis in 
cattle. Transmissible to man and do¬ 
mestic animals. More highly pathogenic 
for animals than the human type. 

2. Mycobacterium avium Chester. 
(Tuberculose des oiseaux, Strauss and 
Gamaldia, Arch. M6d. exp. et Anat. 
path., 1891; Bacillus der Hiihnertu- 
berculose, Maffucci, Ztschr. f. Hygiene, 
11, 1892, 449; Bacillus tuberculosis gal- 
linarum Sternberg, Man. of Bact., 1893, 
392; Mycobacterium tuberculosis avium 
Lehmann and Neumann, Bakt. Diag., 1 
Aufl., 1, 1896, 370; Bacillus tuberculosis 
avium Kruse, in Fliigge, Die Mikro- 
organismen, 3 Aufl., 2, 1896, 506; Myco¬ 
bacterium avium Chester, Manual 
Determ. Bact., 1901, 357; Mycobacterium 
tuberculosis typus gallinaceus Lehmann 
and Neumann, Bakt. Diag., 4 Aufl., £, 
1907, 553.) From Latin avis, bird. 

Common name: Avian tubercle ba¬ 
cillus. 
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Description from Strauss and Gamaleia 
(loc. cit.) and Topley and Wilson 
(Princip. of Bact. and Imraun., 2nd cd., 
1936, 315). 

Rods resembling those of the bovine 
type of tubercle organism. 

Nutrient agar: After 4 weeks, slight 
growth, effuse, translucent with fine 
granular surface. 

Glycerol agar colonies: After 3 to 4 
weeks, raised, regular, hemispherical, 
creamy or white colonies. 

Nutrient broth: After 4 weeks, very 
slight viscous to granular bottom growth, 
no pellicle, no turbidity. 

Glycerol broth: After 4 weeks, diffuse, 
turbid growth with a viscous to granular 
deposit. 

Dorset’s egg slants: After 4 weeks, con¬ 
fluent, slightly raised growth, with 
smooth regular surface. 

Glycerol egg slants: After 4 weeks, 
luxuriant, raised, confluent, creamy to 
yellow growth with perfectly smooth 
surface. 

Coagulated beef serum: After 4 weeks, 
thin, effuse, grayish-yellow growth with 
smooth surface. 

Glycerol beef scrum: After 4 weeks, 
luxuriant, raised, confluent, yellow to 
orange-yellow or occasionally pale pink 
growth, with a smooth glistening surface. 

Glycerol potato: After 4 weeks, luxu¬ 
riant, raised, confluent, with smooth to 
nodular surface. 

Litmus milk: Growth, but no change in 
the milk. 

Carbohydrates: Fructose, arabinose and 
sucrose are utilized, glucose is slightly 
utilized, galactose and lactose are not 
utilized (Merrill, Jour. Bact., 20, 1930, 
235, based on the e.xamination of one 
strain). 

Optimum temperature 40®C; range 30* 
to 44*C (Bynoe, Thesis, McGill Uni¬ 
versity, Montreal, 1931). 

Optimum pH 6.8 to 7.3 (Bynoe, loc. 

cit.). 

Pathogenicity: Produces tuberculosis 
in domestic fowls and other birds. In 
pigs it produces localized and sometimes 


disseminated disease. Experimentally 
in the rabbit, guinea pig, rat and mouse 
it may proliferate without producing 
macroscopic tubercles—tuberculosis of 
the Yersin type. Man, ox, goat, cat, 
horse, dog and monkey are not infected. 

Variation: Winn and Petroff (Jour. 
Exp. Med., 67, 1933, 239), Kahn and 
Schwartzkopf (Jour. Bact., 25, 1933, 
157), Birkhaug (Ann. Inst. Pasteur, 64, 
1935, 19), Reed and Rico (Canad. Jour. 
Res.,5, 1931, lll)and others,have shown 
variation to follow the course described 
for many species. Winn and Petroff 
have separated four colonial types: 
smooth, flat smooth, rough, deep yellow 
smooth. These also differ in chemical 
and physical properties. The smooth 
form exhibited the greatest degree of 
virulence, the flat smooth a lower viru¬ 
lence, while the chromogenic smooth and 
the rough were relatively benign. Sorne 
authors have failed to demonstrate this 
difference in virulence. The above de¬ 
scription applies primarily to the smooth 


)rm. 

Antigenic structure : By agglutination, 
bsorption of agglutinins and comple- 
lent fi.xation Mycobacterium avium may 
e distinguished from other members of 
iie genus (Tullock et al., Tubercle, 0, 
m, 18, 57 and 105; Wilson, Jour. Path, 
nd Bact., 28, 1925, 69; Mudd, Proc. Soc- 
Ixp. Biol, and Med., 23, 1925. 569, and 
thers). Furth (Jour. Immunol., 

)26, 273) and Shaffer (Jour. Path, and 
lact., 40, 1935.107) on this basis divided 
(ycobacterium avium into 1 or 2 su 

roups. . 

Distinctive characters: Tubercle ba- 

illi pathogenic for fowls, not for gum 
igs or rabbits. Culturally distin^ished 
•om the mammalian types by the a 
mce of pelliele formation in fluid roedi 
lid the habit of growth on ' 

ledia. Antigenically distinguished from 

ther species. , .. 

Source: From tubercles in fowls, wid y 

istributed as the causal agent of 
erculosis in birds and less frequent y 


pigs 
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Habitat: The cause of tuberculosis in 
chickens. Transmissible to pigeon, other 
birds, mouse, rabbit and pig. 

3. Mycobacterium paratuberculosis 
Bergey et al. (Darmtuberculose bacillcn, 
Johneand Frothingham, Deutsch. Ztschr. 
Tiermed., 21, 1895, 438; Pseudotubcrku- 
lose bacillen, Bang, Berl. tierarztl. 
Wchnschr., 1906, 759; Bacillus of Johne’s 
Disease, M’Fadyean, Jour. Comp. Path., 
20, 1907, 48; Twort, Proc. Hoy. Soc., B, 
83, 1910, 156; Bergey et al., Manual, 
1st ed., 1923, 374.) From M. L. para- 
tuberculosis, of the disease paratubcrcu- 
losis. 

Common name: Johne’s bacillus. 

The organism from a similar disease in 
sheep is probably identical thougii more 
difficult to cultivate (Dunkin and Bal- 
four-Jones, Jour. Comp. Path., 48, 1935, 
236). 

Description from M’Fadyean (loc. cil.) 
and Twort and Ingram (A Monograidi on 
Johne’s Disease, London, 1913). 

Plump rods, 1.0 to2.0 microns in lengtlj, 
staining uniformly, but occasionally the 
longer forms show alternately stained 
and unstained segments. Non-motile. 
Acid-fast. 

The organism is difficult to cultivate 
and, in primary cultures, has only been 
grown in media containing dead tubercle 
bacilli or other dead acid-fast bacteria 
(Boquet, Ann. Inst. Pasteur, 57, 1928, 
495). In a few instances cultures have 
been acclimatized to a synthetic medium 
free from added dead bacteria (Dunkin, 
Jour. Comp. Path, and Therap., 4^, 1933; 
159; Watson, Canad. Pub. Health Jour., 
^5,1935,268). 

Colonies on glycerol agar containing 
heat-killed Mycobacterium phlei: After 
4 to 6 weeks, just distinguishable, dull- 
white, raised, circular colonies. 

Colonies on Dorset’s glycerol egg con¬ 
taining heat-killed Mycobacterium phlei: 
After 4 to 6 weeks, minute, dull-white, 
raised, circular, with a thin, slightly 
irregular margin. Older colonies become 


more raised, radially striated or irregu¬ 
larly folded and dull yellowish-white. 

Dorset’s glycerol egg containing sheep’s 
brain and heat-killed Mycobacterium 
phlei: Growth slightly more luxuriant. 

Glycerol broth containing heat-killed 
Mycobacterium phlei: Thin surface pel¬ 
licle which later becomes thickened and 
folded. 

Dorset’s synthetic fluid containing 
heat-killed Mycobacterium phlei: As on 
glycerol broth with Mycobacteriurn phlei. 

Pathogenicity: Produces Johne’s dis¬ 
ease, chronic diarrhea, in cattle and 
sheep. Experimentally it produces a 
similar tlisease in bovine animals, sheep 
and goats. Guinea pigs, rabbits, rats 
and mice are not infected. Very large 
doses in laboratory animals produce 
slight nodular lesions comparable with 
those produced by Mycobacteriurn phlei. 

Antigenic structure: Johnin, prepared 
as tuberculin, gives positive reactions in 
cattle with Johne’s disease. According 
to M’Fadyean et al. (Jour. Comp. Path, 
and Therap., 29, 1916, 62) tuberculous 
animals may also give a reaction. Plumb 
(Den Kong. Vet. Landbohpjskole 
.Vrssk., 1925 , 63) has shown that a reac¬ 
tion may be produced in animals sensi¬ 
tized to avian tuberculin and that avian 
tuberculin causes a reaction in some ani¬ 
mals infected with Johne’s bacillus. 

Distinctive characters: A small acid- 
fast bacillus producing characteristic 
lesions in cattle and growing only in the 
presence of dead acid-fast bacilli. 

Source: From the intestinal mucous 
membrane of cattle suffering from chronic 
diarrhea. .Apparently an obligate para¬ 
site. 

Habitat: The cause of Johne’s disease, 
a chronic diarrhea in cattle. The bac¬ 
teria are found in the intestinal mucosa. 
Not pathogenic for guinea pigs or rabbits. 

4. Mycobacterium leprae (Armauer- 
Hansen) Lehmann and Neumann. {Ba¬ 
cillus leprae Armauer-Hansen, Norsk. 
Mag. Laegevidensk., 9, 1874, 1; Arch, 
f. path. Anat. u. Physiol., 79, 1879, 
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32; Nord. Med. Ark., 12, 1880, 1, Quart. 
Jour. Micro. Sci., 20, 1880, 92; Coccuthrix 
leprae Lutz, Dermatol. Stud. 1, 1880, 
quoted from DeToni and Trevisan, in 
Saccardo, Syllogc Fungorum, 8, ISSO, 
944; Lehmann and Neumann, Bakt. 
Diag., 1 Aufl., 2, 1896, 372; Discoimjcts 
leprae Neveii-Lcmaire, Precis Parasil. 
Hum., 5th ed., 1921, 27; Sdcrothrix 
leprae Vuillcmin, Encyclopcdie Myco- 
logique, Paris, /, 1921. Mpcuhoclerium 
leprae horninu^i Lowe, Intcrnat. Jour. 
Leprosy, 5, 193.7. 31“-^) From Gre(?k 
lepra, leprosy. 

Common name: Leprosy bacillus. 

Armauer-Han.sen {lac. cil.) was the hrst 
to observe the bacilli in the tissues of 
lepers. The disease is now known as 
Hansen’s disease. The bacilli occur in 
enormous numbers in lepromatous (nod¬ 
ular) cases of the disease and si)arsely 
in the neural form. The present bac¬ 
teriological means of identification de¬ 
pend on: (a) acid-fast staining, and (b) 
failure of the organism to grow in bac¬ 
teriological media or in laboratory 
animals. Heated suspensions of the 
bacilli (obtained from nodules) produce 
a positive lepromin reaction in 75 to 97 
per cent of normal persons and of neural 
cases of leprosy, but usually produce 
no reaction in lepromatous individuals 
(Mitsuda: See Hayashi, Int. Jour. 
Leprosy, 1, 1933, 31-38). The failure of 
lepromatous persons to respond to in¬ 
jected leprosy bacilli constitutes a 
fundamental criterion for testing the 
validity of microorganisms such as other 
acid-fast or diphtheroid cultures which 
can at times be recovered from leprous 
tissues by inoculation of bacteriological 
media. 

Many organisms have been isolated 
from leprous tissues, some of which are 
acid-fast and have been styled Myco¬ 
bacterium leprae. The strains which 
have been adequately studied have 
proven to fall into the saprophytic 
groups (see No. 11, Mycobacterium spp.) 
Hanks (Int. Jour. Leprosy, 9, 1941, 275- 
298) found that acid-fast cultures of this 


type, as well as the diphtheroids which 
also have repeatedly been isolated from 
leprosy, were recoverable only from 
lesions located pro.ximally with respect 

to open ulcers in the skin. 

_ » 

Description of organisms seen in 

leprosy tissue from Armauer-Hansen 
Hoc. cit.) and Topley and Wilson (Prin- 
cip. Bact. and Immun., 2nd ed., 1936, 
316). 

Rods: 0-3 to 0.5 by 1 to 8 microns, with 
parallel sides and rounded ends, staining 
evenly or at times beaded. When nu¬ 
merous, as from lepromatous cases, they 
are generally arranged in clumps, 
rounded masses or in groups of bacilli 
side by side. Strongly acid-fast. Gram- 
positive. 

Pathogenicity: The communicability 
uf leprosy from man to man is accepted 
(Rogers and Muir, Leprosy, 2nd ed., 
Balt imore, 1940, 2C0 pp.). Experimental 
transmission to humans or to animals 
has not been successful. 

Source: Human leprous lesions. In 
the lepromatous form of the disease 
bacilli arc so abundant as to produce 
stuffed-cell granulomas; in the tubercu¬ 
loid and neutral lesions they are rare. 

Habitat: Obligate parasite in man. 
Confined largely to the skin (especially 
to convex and exposed surfaces) and to 
peripheral nerves. The microorganisms 
probably do not grow in the interna 

organs. 


. Mycobacteriun lepraemurlum Mar* 
)ux and Sorel. (Bacillus der 
ra, Stefansky, Cent. f. Bakt., I Abt., 
g., 55, 1903, 481; Mycobactenum leprat 
rium Marchoux and Sorel, Ann. Inst. 
5t., S6, 1912, 700; Bacillus leprae mu- 
m Muir and Henderson, Indian Jour, 
d. Res., 15, 1927, 15.) 

lycobacierium pulviforme Marcho . 

in. Derm., 1921. No. 21 and Mn. 

t. Past., ST, 1923, 348) 
j lesions in a man from “ayti 
lught by the author to be identical 

h Mycobacterium lepraemunum. 

on name: Eat leprosy bacillus. 


Mill 
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Rods: 3.0 to 5.0 microns in length with 
slightly rounded ends. Wlien stained, 
often show irregular appearanc;'. 
Strongly acid-fast. Gram-positive. 

Like the human leprosy bacillus, this 
organism has not been cultivated in 
vitro; but can he passed e.xp^erimcntally 
through rats and some strains of mice. 

Distinctive features: The heat-killed 
bacilli produce lepromin reactions in 
lepratomous humans Tlie bacilli from 
lesions are not bound together in clumps, 
rounded masses and palisades as in 
human lesions. For further details 
see review by Lowe (Internat. Jour. 
Leprosy, 5, 1937, 310 and 103). 

Source: An endemic disease of rat.s in 
various parts of the world, having been 
found in Odessa, Berlin, London, Xew 
South Wales. Hawaii, San Francisco and 
elsewhere. 

Habitat: The natural disea.se occuis 
chiefly in the skin and lymph nodes, 
causing induration, alopecia floss of 
hair) and eventually ulceratio?i 

6. Mycobacterium pisclum Bergcy ct 
al. {Bacillus tuberculosis piscium Du- 
bard, Bull. acad. de m6d., 3 s6r., 38, 
1897, 580; Bataillon, Dubard and Terre, 
Compt. rend. Soc. Biol., 4, s6r. 10, 1897, 
446; Bergey et al.. Manual, 1st ed., 1923, 
375.) From Latin piscis, fish. 

Description from Bataillon et al. {loc. 
cii.) and Aronson (Jour. Inf. Dis., 39, 
1926, 319). 

Slender rods, occurring singly and in 
threads, occasionally showing branching. 
Acid-fast. Non-motile. Gram-positive. 

Agar colonies: Snmll, circular, white, 
moist, with lobate margin and fine 
granular surface. 

Agar slant: Scant, white, moist, cream- 
like. 

Glycerol agar colonies: Thin, flat, 
smooth, glistening, yellow. 

Dorset’s egg medium: Flat, smooth, 
moist, greenish. 

Broth: Thin pellicle, with flocculent 
sediment. 


Litmus milk: Thickened. No coagu¬ 
lation. Slightly alkaline. 

Potato: White, warty, butyrous colo¬ 
nies. 

Carbohydrates: Utilizes glucose and 
fructose but not sucrose, lactose, arabi- 
nose or galactose (Merrill, Jour. Bact.,.?0, 
1030, 235, based on examination of one 
strain). 

Antigenic structure: By agglutination 
and complement fixation (Mudd, Proc. 
Exp. Biol, and Med., £5, 1925, 569; and 
Furth, Jour. Immunol., IS, 1926, 28G) 
Mycobacterium piscium has been dis¬ 
tinguished from M (jCobacteriu7n fried- 
mannii, Mycobacterium ranae and prob¬ 
ably Mijc.obacierium marinum. From 
the limited number of cultures e.xamined 
it is not evident whether this is due to 
species or strain specificity. 

Pathogenicity: Experimentally pro¬ 
duces tubercles in carp, frog and lizard, 
but not p.athogenic for rabbit, guinea pig 
or birds (Dubard, Rev. de la Tuberc., 6, 
189S, 13). Not pathogenic for salt water 
fish except cels (Bctegh, Cent. f. Bakt., 

I Abt., Orig., 53, 1910, 374; 54, 1910, 

211 ). 

Distinctive characters: Mycobacte¬ 
rium piscium, Mycobacterium marinum, 
Mycobacterium ranae, Mycobacterium 
thamnopheos and Mycobacterium fried- 
mannii constitute a closely related 
group—possibly one species. They differ 
from other members of the genus in their 
pathogenicity for cold-blooded animals, 
their failure to survive 60®C for an hour, 
their failure to grow at 47®C and their 
inability to utilize sorbitol. 

M ijcobaclerium marinum is distin¬ 
guished by its diffuse growth in broth, 
acid production in milk and deep yellow 
to orange pigmentation on most media. 
The other species grow in broth as a 
pellicle and render milk alkaline. Myco¬ 
bacterium piscium, Mycobacterium ranae, 
Mycobacterium thamnopheos and Myco¬ 
bacterium friedmannii may be distin¬ 
guished from each other by their habit 
of growth on solid media. But rela¬ 
tively few cultures have been studied 
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and the reports in certain important 
respects are conflicting, especiallj' con¬ 
cerning pigmentation and utilization of 
carbohydrates. Aronson, Mudd and 
Furtli found tliem to differ antigcnically, 
but too few cultures were used to distin¬ 
guish between species and strain speci¬ 
ficity. 

Source: From tubercles in carp. 

Habitat: The cause of nodule and tu¬ 
mor-like formations in carp {Ciprinus 
carpio). Infectious for carp, frogs, liz¬ 
ards. Not infectious for guinea pigs and 
pigeons. 

7. Mycobacterium marinum Aronson. 
(Jour. Inf. Dis., 39, 1926, 315.) From 
Latin marmus, marine. 

Description from Aronson (loc. cit.). 

In le.sions, short, thick, uniformly 
staining organisms are seen frequently 
occurring in clumps, while long, thin, 
beaded or barred rods are scattered more 
discretely. In cultures the organisms 
have the same appearance. Non-motile. 
Acid-fast and acid-alcohol-fast. Gram- 
positive. 

Agar slant (slightly acid): In five to 
seven days, moist, glistening, elevated 
colonies, becoming lemon-yellow. 

Gelatin: Not liquefied. 

Agar colonies: In 5 to 7 days, smooth, 
moist, slimy, lemon-yellow, later orange- 
colored. 

Glycerol agar colonies: In 14 to 18 
days, grayish-white, moist, elevated with 
irregular margins. Old growths lemon- 
yellow and still later orange-colored. 

Dorset’s and Petroff’s egg media: 
Similar to growth on glycerol agar but 
more luxuriant. 

Broth and glycerol broth: Growth is 
diffuse, no pellicle formed. 

Litmus milk: Acidified and coagulated. 

Indole not formed. 

Nitrites not produced from nitrates. 

Carbohydrates: Utilizes arabinose and 
fructose, fails to utilize sorbitol and 
galactose (Gordon, Jour. Bact., S4» 1937, 
617). 

Aerobic, facultative. 


Optimum temperature 18® to 20®C. 
Fails to survive 60®C for 1 hour, fails to 
grow at 47®C (Gordon, Jour. Bact., 
1937, 617). 

Pathogenicity: Experimentally infects 
salt water fish, goldfish, frogs, mice and 
pigeons, but not rabbits or guinea pigs. 

Antigenic structure: By agglutination 
and complement fixation distinguished 
from Mijcobacterium ranae, Mycobacte- 
rium friedmannii, and probably Myco¬ 
bacterium piscium (Mudd, Proc. Soc. 
Exp. Biol, and Med., 23, 1925,569; Furth, 
Jour. Immunol., 12, 1926, 286). See 
Mycobacterium piscium. 

Distinctive characters : See Mycobacte¬ 
rium piscium. 

Source: From areas of focal necrosis of 
the liver of sergeant majors {Abudefduf 
mauritii), croakers (Micropogon undula- 
tus) and sea bass (Centropristes striatus). 

Habitat: Causes spontaneous tubercu¬ 
losis in salt water fish. 

8. Mycobacterium ranae (Kuster) 
Bergey et al. (Kiistcr, Munch, med. 
Wchnschr., 62, 1905 , 57; Bergey et ah, 
Manual, 1st ed., 1923, 374.) From Latin 

rana, frog. 

Description from Kuster (loc. cit.), 
Bynoe (Thesis, McGill University, Mon¬ 
treal, 1931) and Aronson (Jour. Inf. Dis., 
44,1929,222). 

Slender rods, 0.3 to 0.5 by 2 to 8 mi 
crons, smaller in old cultures- 
formly acid-fast in cultures 2 weeks oW 
or older. In younger cultures the stain¬ 
ing is irregular, many organisms are no 
acid-fast. Non-motile. Gram-positive- 

Gelatin stab: No liquefaction. 

Agar colonies ; Irregular, raised co o 
nies, 1 to 3 mm in diameter with moia 
glistening surface, later becoming 
coarsely granular. 

Agar slant: Thick, spreading, glisten¬ 
ing. In old cultures dry and scaiy- 
Putrid odor. Grayish-white. 

Glycerol agar colonies : Similar to ge 
tin colonies but slightly creamy and 
coming dry and wrinkled in old cult 

« 
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Dorset’s egg medium: Spreading, 
raised, glistening, later wrinkled. 

Locffler’s medium: Similar to Dorset’s 
egg medium, white to buff-colored. 

Litmus milk: Becomes alkaline. 

Glycerol broth: Grayish flaky pellicle 
which breaks up early and settles. 

Broth: Slightly turbid; with slight 
sediment. 

Potato: Scanty, grayish growth, raised 
with a wartj' surface. 

Indole not formed. 

Nitrites are produced from nitrates. 

Carbohydrates: Glucose, fructose and 
arabinose are utilized; sucrose, lactose 
and gjdactose not utilized (Merrill, Jour. 
Bact.,gO, 1930,235). Fructose, mannitol 
and trehalose are utilized; sorbitol, 
arabinose and galactose are not utilized 
(Gordon, Jour. Bact., S4, 1937, 617). 

No HaS formed. 

Optimum temperature 28®C (Kuster), 
37"C (Bynoe). 

Optimum pH 6.6 to 7.3, range 4.0 to 

10 . 0 . 

Antigenic structure: By agglutination 
and complement fixation Mycobacterium 
ranae may be distinguished from Myco¬ 
bacterium piscium and Mycobacterium 
friedmannii (Mudd, Proc. Soc. Exp. 
Biol, and Med., 2S, 1925, 569; Furth, 
Jour. Immunol., IS, 1926, 286). See 
Mycobacterium piscium. 

Pathogenicity: Experimentally causes 
tuberculosis in frogs, lizards, turtles; not 
pathogenic for rabbits, guinea pigs, rats 
or mice. 

Distinctive characters: See Mycobac¬ 
terium piscium. 

Source: From the liver of a frog. 

Habitat: In a group of 215 cultures be¬ 
longing to the genus, isolated from soils, 
Gordon (Jour. Bact., S4, 1937, 617) found 
65 to sufficiently resemble Mycobacterium 
ranae to indicate at least a very close 
relationship. If they prove to be identi¬ 
cal, the species is widely distributed. 

9. Mycobacterium thanmopbeos Aron¬ 
son. (Jour. Inf. Dis., U, 1929, 222.) 
From Thamru>phx8, a genus of snakes. 


Tuberculbacillen bei Schlangen, Sib- 
ley, Arch. f. pathol. Anat. u. Physiol., 
116, 1889, 104 {Mycobacterium tropidona- 
tum (sic) Bcrgey et al., Manual. 1st ed., 
1923, 376) is probably identical, but the 
descriptions are too meager to be con¬ 
clusive. .Acid-fast bacilli described by 
Gibbes and Shurley (Amer. Jour. Med. 
Sci., 100, 1800, 145) as the cause of 
tuberculosis in boas and pythons; by 
Shattock (Trans. Path. Soc., London, 
53, 1902, 430) and by von Hansencann 
(Cent. f. Bakt., 1 Abt., Grig., 31,, 1903, 
212) as causing tuberculosis in a Python 
vwlurus, arc possibly identical, but the 
descriptions do not permit us to draw 
any conclusions. According to .Aronson, 
similar organisms isolated from patho¬ 
logical lesions in boa constrictors and 
Coluber calenijer differ antigenically 
from Mycobacterium lhamnopheos. 

Description taken from Aronson {loc. 
cit.) and Bynoe (Thesis, McGill Uni¬ 
versity, Montreal, 1931). 

Slender rods: 0.5 by 4 to 7 microns, fre¬ 
quently slightly curved, beaded and 
barred forms frequently occur. Non- 
motile. .Acid-fast in cultures of 4 days 
or older, in younger cultures some or¬ 
ganisms are not acid-fast. Not alcohol- 
fast. Gram-positive. 

Gelatin stab: Growth occurs along the 
line of inoculation. No liquefaction. 

Agar colonies: 0.5 to 1 mm in diameter, 
irregular, raised, moist and glistening. 

Glycerol agar: Spreading, raised, dry, 
pale pink to buff growth. 

Glycerol broth: A thin pellicle appears 
in 5 to 6 days, gradually becomes thicker 
and falls as a sediment. 

Dorset’s egg medium: Raised, moist, 
pinkish growth after 10 days, later be¬ 
coming salmon-colored. 

Loeffler’s serum: Small, raised, convex, 
dry growth. 

Litmus milk: Alkaline. 

Glycerol potato: Raised, hemispheri¬ 
cal, dry and granular growth. 

Indole not produced. 

Nitrates: Not reduced by 2 strains. 
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reduced by 1 strain (Aronson); slightly 
reduced (Gordon); not reduced (Bynoe). 

Carbohydrates : Utilizes fructose, man¬ 
nitol and trehalose; fails to utilize arab- 
inose, sucrose, galactose and sorbitol 
(Gordon, Jour. Bact., 34, 1037, 017). 

Temperature relations : Fails tosurvive 
G0°C for 1 hour, fails to grow at 47®C 
(Gordon); good growth at 25®C, no growth 
at 37®C (.Aronson); optimum for growth 
25'’C, range 10° to 3r)°C (Bynoe). 

Range of pll: 6.6 to 7.8 (Aronson); op¬ 
timum 7.3 to 8.0, range 5.0 to 11.0 
(Bynoe). 

Pathogenicity: Experimentally pro¬ 
duces generalized tuberculosis in snakes, 
frogs, lizards and fish but not pathogenic 
for guinea [ugs, rabbits or fowls. 

Antigenic structure: By agglutination 
and absorption of agglutinins }/i/cobacle- 
rium thamnopheos may be distinguished 
from Mycobaclerium mnrinum, Myco¬ 
bacterium friedmannii and Mycobaclcriwn 
ranae. See Mycobacleritan piscium. 

Variation: According to Bynoe and 
Wyckoff (.\mer. Rev. Tub., S9, 1934, 
389) S and R forms may be distinguished 
by colony structure and individual cell 
arrangement. 

Distinctive characters: See Mycobac¬ 
terium piscium. 

Source: From the lungs and livers of 
garter snakes {Tkamnophis sirtalis). 

Habitat: Present as a parasite in the 
garter snake and possibly other cold¬ 
blooded vertebrates. 

10. Mycobacterium friedmannii Hol¬ 
land. (Schildkroten tuberkelbacillus, 
Friedmann, Cent. f. Bakt., I Abt., Orig., 
34, 1903, 647; Bacillus friedmanii (sic) 
Holland, Jour. Bact., 5, 1920, 21&-, Myco¬ 
bacterium friedmanii Holland, ibid.^ 
Mycobacterium ckelonei Bergey et al., 
Manual, 1st ed., 1923, 376.) Named for 
Dr. Friedmann, who isolated this or¬ 
ganism. 

Common name: Turtle bacillus. 

Description from Friedmann (loe. 
cit.) and Aronson (Jour. Inf. Dis., 44t 
1929 , 222 ). 


Slender rods: 0.2 to 0.4 by 0.5 to 5 
microns. Beaded forms are common. 
Acid-alcohol-fast in young cultures but 
in cultures two weeks old generally there 
are many non-acid-fast rods. Non-mo- 
tile. Gram-positive. 

Gelatin stab; White surface growth, 
scanty growth along the line of stab. 
No liquefaction. 

Agar colonies: 1 to 3 mm in diameter, 
irregularl}’ round, raised, moist, glisten¬ 
ing, white. 

Glycerol agar slants: Thick, spreading 
growth, at first moist, later granular, 
yellowish-wliite (Friedmann); olive-gray 
(Bynoe); white (Aronson). 

Glycerol broth: Thick wrinkled pellicle 
after two to three days growth, later 
some membranous sediment. Grayish- 
yellow (Friedmann); grayish-white 

(Bynoe). 

Dorset’s egg medium: Spreading, 
raised, slightly moist, pale buff. 

Loeffler’s serum: Scant growth, raised, 

dry, crumb-like. 

Litmus milk: Slightly alkaline after 


0 days growth. 

Glycerol potato: Thick, wrinkled, gray 
fter 2 days growth. 

Indole not formed. 

Carbohydrates: Glucose, fructose and 
rabinose utilized, sucrose slightly uti 
zed, galactose and lactose not utilized 
Merrill, Jour. Bact., 20, 1930, ^)- 
Lrabinose not utilized (Gordon, Jour, 
tact., 34, 1937, 617). 

Optimum temperature 25 to30L. 
Pathogenicity: Experimentally pro- 
uces tubercles in most species of coid- 
looded animals, possibly in guinea pigs 
ut not in other warm-blooded animus- 
Variation: According to Gilderaeis er 
Cent. f. Bakt., I Abt., Orig., 192>’ 
13) S and R types may be distmguisne 

n glycerol agar. The S grows as smoottL 

loist, glistening, convex colonies; t 
; as flat, dry, spreading co 
fykoff (Amer. Rev. Tub., 29, 1934, 289 
as shown a difference in the form of cell 
ivision and corresponding cell arrange- 
lent of the two types. 
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Distinctive ciiaracters: See Mijcohac- 
terium pisciiun. 

Source: From the lungs of turtles in 
the Berlin aquarium. 

Habitat: A parasite in turtles ami pos¬ 
sibly sparingly distributed in soils. 
Gordon {Jour. Bact., 54, 1937, 617) found 
65 out of 215 soil cultures of members of 
the genus to closely resemble t his species. 

11. Mycobacterium spp. (A miscel¬ 
laneous group many of which have been 
incorrectly identified as Mycobacterhirn 
leprae Lehmann and Neumann.) 

Clegg (Phil. Jour. Sci., 4, 1909, 77 and 
403), Duval (Jour. E.\p. Mod., 12, 1010, 
649), Duval and Wellman (Jour. Inf. Dis., 
11, 1912, 116), Currie, Brinckerhoff and 
Hollmann (Pub. Health Hep., 25, 1910, 
1173) and others have described as Myco¬ 
bacterium leprae a group of organisms 
isolated from leprosy lesions. Much 
evidence,summarized by McKinley (Med¬ 
icine, IS, 1934, 377), points to the conclu¬ 
sion that these organisms are not patho¬ 
genic and not the causal agent of leprosy. 
They cannot therefore be included under 
Mycobacterium leprae as defined above. 

Thomson (Amer. Rev. Tub., 26, 1932, 
162), Gordon (Jour. Bact., 54, 1937, 617), 
and Gordon and Hagan (Jour. Bact., S6, 
1938, 39) recently separated the sapro¬ 
phytic members of the genus Mycobac¬ 
terium into three main groups and several 
subgroups. Species names as here de¬ 
fined have been added to the key as 
follows: 

Group I. Fail to survive 60®C for 1 

hour. Grow at 47®C. 

a. Utilizes arabinose. 
Mycobacterium lacticola, 

b. Unable to utilize arabi- 

nose. 

Mycobacterium ep. 

Group II. Fail to survive 60®C for 1 

hour. Do not grow at 
47®C. 


a. Unable to utilize sorbitol. 

1. Unable to utilize arab- 

inose. 

Mycobacterium ranae. 

Mycobacterium thamno- 
pheos. 

Mycobacterium sp. 

2. Utilize arabinose. 

Mycobacterium mar- 

inuyn. 

Mycobacterium sp. 

b. Utilizes sorbitol. 

Mycobacteriuyyi $pp. 

c. Unable to utilize most 

carbohydrates. 

Mijcobacterium fried- 
mannii. 

Mycobacteriuyn sp. 

Group III. Survive 60®C for 1 hour. 

Grow at 47®C. 

a. Utilizes arabinose. 

Mycobacterium phlei. 

b. Unable to utilize arabi¬ 

nose. 

Mycobacterium sp. 

In this study Gordon and Hagan in¬ 
cluded many recently isolated soil forms, 
named saprophytic species, pathogens for 
cold-blooded animals and 19 cultures, 
from various collections, which bore the 
name Mycobacterium leprae. Of these, 
so-called Mycobacterium leprae, six be¬ 
long to Group I which corresponds with 
Mycobacterium lacticola and includes • 
many soil forms, two belong to Group 
Ha which includes Mycobacterium ranae, 
Mycobacterium lhamnopheos and a num¬ 
ber of undefined soil forma, while eleven 
belong to Group Hb. The latter group 
includes a number of soil cultures but no 
other defined species. 

In the several groups to which so-called 
MycobacterUim leprae strains belong, 
some appear to be indistinguishable from 
soil forms, others are distinguished -by 
habit of growih, utilization of carbohy¬ 
drates or by pigmentation. 

12. Mycobacterium lacticola Lehmann 
and Neumann. (Bakt. Diag., 2 Aufl., 5, 
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1899 , 409.) From Latin lac, lactis, milk 
and colo, to dwell; hence, a milk dweller. 

From the fact that Lehmann and Neu¬ 
mann {loc. cit., 411) refer to the binomial 
Bacillus friburgensis Korn, it is evident 
that the species name friburgensis (see 
Appendix) published the same year 
(1899) has priority over the species name 
laclicola. However, since it has never 
been used with the broad meaning given 
Mycobaclerium laclicola by Lehmann and 
Neumann in the original description, it 
is not substituted for the more com¬ 
monly used Mycobacterium laclicola in 
this edition of the Manual. 

Description from Lehmann and Neu¬ 
mann (ioc. ci’O and Jensen (Proc. Linnean 
Soc. of New So. Wales, 69, 1934, 19). 

Slender rods : 0.5 to 0.7 by 2 to 8 microns 
in young cultures, in older cultures the 
rods are shorter and frequently coccoid 
in shape. Curved and irregular forms 
occur occasionally. Branched forms, 
if they occur, are very rare. Staining 
is generally uniform but slight beading 
occurs occasionally. Strongly acid-fast 
except organisms from glucose-contain¬ 
ing media which are sometimes only 
faintly acid-fast. Gram-positive. 

Gelatin colonies: Similar to those on 
agar. 

Gelatin stab: Filiform growth m stab. 
No liquefaction. 

Agar colonies: Convex, glistening, with 
entire margins, at first smooth but after 
10 to 14 days growth folded or wrinkled. 
Opaque, at first white, after 2 or 3 days 
growth becomes yellow. 

Glucose agar: Similar to agar but more 
rapid growth and less intensely pig¬ 
mented. 

Glycerol agar slants : Spreading, moist, 
wrinkled, pale cream-colored to yellow*. 
Nutrient broth: Diffuse growth, later 

with yellowish pellicle. 

Litmus milk: Small white granules of 
growth at the surface, later a dry yellow¬ 
ish pellicle. After some weeks’ growth 
the milk becomes alkaline and clear. 
No coagulation. 


Dorset’s egg medium: As on glycerol 


agar. 

Coagulated serum: As on glycerol agar. 

Potato; Spreading, raised, wrinkled 
growth, pale yellow* to orange. 

Long’s medium lacking glycerol: No 
growth. Long’s medium with 5 pet cent 
glycerol: Acid formed. (Thomson, 
Amer. Rev. Tub., 26, 1932, 162.) 


Indole not formed. 

Nitrates; Reduced, doubtful (Jensen). 

Carbohydrates : Glucose, fructose, arab- 
inose and galactose are utilized; lactose 
is not utilized; sucrose is not utilized by 
3 strains, utilized by 1 strain (Mycobac¬ 
terium friburgensis) (Merrill, Jour. Bact., 
20, 1930, 235). Sorbitol, arabinose, galac¬ 
tose, trehalose, mannitol and fructose are 
utilized; sucrose is not utilized (Gordon, 
Jour. Bact., 34, 1937, 617). 

Optimum temperature 37®C, maximum 
temperature for growth 52®C, minimum 
15® to 18°C. Fails to survive 60®C for 
1 hour, grows at 47°C (Gordon, Jour. 
Bact., 34, 1937, 617; Gordon and Hagan 

Jour. Bact., 36, 1938, 39). 

Optimum pH 6.8 to 7.2. Limits for 


.th 4.5 to 10.0. 

istinctive characters: Saprophyt’C 
-fast organism. Grows rapidly on 
t media, develops a yellow or orange 
aentation after 3 to 4 days growth, 
s to grow* on Long’s medium lacking 
erol and produces acid when glycerol 
resent. Fails to survive 60“C for an 
r, grows at temperatures as high as 

ariation: Lehmann and Neumann 

kt. Diag., 2 Aufl., 1899, 408 ) and 
g (Cent. f. Bakt.. II AM., 71, 19^. D 
mibe three forms: a flat smooth form, 
oist, slimy, smooth form and a dry, 
ble perrugose form. The two or 
espond with S and the latter with K 

?s described by Bynoe as 

of Mycobacterium stercons, Aty 
erium berolinensis, Mycobactenu 
rritmm and Mycobacterium ' 

ch in turn correspond w>th S a 
2 S of other members of ' 

w-abacher (Spec. Rep. Ser. Med. B« 
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Coun., London, No. 182, 1933) finds a 
difference in the arrangement of tlie indi¬ 
vidual cells of the S and K types. 

Source: From butter, plant dust, cow- 
manure. 

Habitat; Gordon (Jour. Bact., 34, 1937, 
617) found 1 culture isolated from nasal 
exudate, 1 from bovine lymph gland and 
94 isolated from soil, out of a group of 
215 soil cultures belonging to the genus, 
to be either identical with or very closely 
related to this species. If these strains 
are valid members of tlie species, Myco- 
bacierium laclicola is widely distributed 
in soil, dust, dairy products, etc. 

13. Mycobacterium phlei Lehmann and 
Neumann. (Timotheebacillus or Gras- 
bacillus I, Moeller, 1 herapeutischen 
Monatsheften, 1$, 1898, 607; Moeller, 
Deut. med. Wchnschr., 24, 1S98, 376; 
Lehmann and Neumann, Bakt. Diag., 
2 Aufl., 2, 1899, 411; Mycobacterium 
moelleri Chester, Manual Determ. Bact., 
1901, 358; Sclerothrix phlei Vuillemin, 
Encyclopedic Mycologique, Paris, 2, 
1931, 160.) From M. L. Phleum, a genus 
of grasses. 

Description from Moeller {loc. cit.) and 
Jensen (Proc. Linnean Soc. New So. 
Wales, 69, 1934, 32). 

Slender rods; 0.2to 0.5by 1 to4 microns, 
sometimes club-shaped, frequently 
beaded, rarely branched. Strongly acid- 
fast and acid-alcohol-fast in cultures 
older than 2 to 3 days, in younger cultures 
there are generally many non-acid-fast 
cells. Non-motile. Gram-positive. 

Gelatin colonies; Small, 0.5 to 1 mm in 
diameter; irregular, raised, moist and 
glistening, finely granular, orange. 

Gelatin stab: Filiform, opaque, orange. 
No liquefaction. 

Agar colonies: Similar to gelatin colo¬ 
nies, yellow to orange. 

Agar slant: Spreading, raised, dry w-ith 
roughened granular surface, yellow- to 
orange. 

Broth: Turbid, with yellow pellicle. 

Dorset’s egg medium: Spreading, 
raised, dry, orange. 


Loeffler’s serum: Similar to Dorset’s 
egg medium, creamy to yellow. 

Glycerol broth : Thin transparent pelli¬ 
cle, later becoming thickened, rough, 
wrinkled and yellow to pink, still later a 
Haky sediment. 

Litmus milk: Yellow- flocculi on sur¬ 
face, slowly becomes alkaline. No co¬ 
agulation. 

Potato: Thick, dry, yellow-, adherent 
growth. 

Long’s medium lacking glycerol: Abun¬ 
dant growth. Long’s medium with 5 
per cent glycerol: No acid formed 
(Thomson, Amer. Rev. Tub., 26, 1932, 
162). 

Nitrites are produced from nitrates. 

Indole not formed. 

Carbohi-drates :Glucose, fructose,arab- 
inose, trehalose, mannitol and galactose 
arc utilized; sucrose and lactose are not 
utilized (Merrill, Jour. Bact., 20, 1930, 
235; Gordon, Jour. Bact., 34, 1937, 617). 

Temperature relations: Survives 60®C 
for 1 hour, grows at 47*C (Thomson, 
Amer. Jour. Tub., 26, 1932, 162); opti¬ 
mum for growth 37®C, range 20® to 58®C 
(Bynoe). 

Optimum pH 6.8 to 7.3; range 5.5 to 

10 . 0 . 


Pathogenicity: The injection of large 
numbers of organisms into guinea pigs 
results in a local abscess of a few weeks’ 
duration, occasionally small abscesses de¬ 
velop in the regional lymph glands or 
the visceral organs. According to Mayer 
(Cent.f. Bakt., I Abt.,.^d, 1899, 331) and 
others, the injection of the organisms 
along w-ith butter or other fat increases 
the pathological reaction. 

Variation: Haag (Cent. f. Bakt., II 
Abt., 7/, 1927, 1) and Bynoe (Thesis, 
McGill University, Montreal, 1931) find 
two or three colony types: an R form 
which fits into the description of the 
species given above and an S type w-hich 
grow-s as a perfectly smooth, raised, 
moist, glistening colony w-ith an entire 
margin. Cooper (Jour. Inf. Dis., 54, 
1934, 236) distinguished pigmented and 
non-pigmented types. • 
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Distinctive characters: Saprophyti 
acid-fast organism, grows rapidly on 
most media. Shows yellow pigmentation 
as soon as growth is visible. Grows 
well on Long’s medium lacking glycerol 
and fails to proiluce acid when glycerol 
is present. Survives CO’C for 1 hour 
and grows at A7^C. 

Source: Originally isolated from hay 
and grass. Frequently found in soil, 
dust and other sources. Out of 215 
cultures of the genus recovered from 
soils by Gordon (.lour. Bact., 84, 1937, 
617) Mycobacterium phlei was isolated 
on 22 occasions. The same author re¬ 
ports 3 cultures of a closely related if 
not identical organism recovered from 
bovine lymph glands, 1 recovered from 
bovine skin and 1 recovered from a hen’s 
spleen. 

Habitat: Widely distributed in soils, 
dust, hay, etc. 

Appendix I: The following saprophytic 
species have been placed in this genus. 
Their relationships arc not clear. Some 
are related to or possibly identical with 
Mycobacterium laclicvla. 

Mycobacterium album Sohngen. 

(Cent. f. Bakt., II Abt., 57, 1913, 599.) 

From garden earth. 

Mycobacterium bekkerii Bckker. (An¬ 
tonie van Leeuwenhoek, 9, 19*13, 81 ;abst. 
in Cent. f. Bakt., I Abt., Orig., 149, 
1944, 500.) From urine, 

Mycobacterium herolinense Bergey et al. 
(Tuberkelahnlichen Bacillen, Rabino- 

witsch, Ztschr. f. Hyg., S6, 1897, 90; 
Mycobacterium lacticola 0 perrugosum 
Lehmaiin and Neumann, Bakt. Diag., 2 
Aufl., 8, 1899, 410; Mycobacterium lacti¬ 
cola perrugosum Haag, Cent. f. Bakt., 
II Abt., 71, 1927,3; Bergey ct al., Manual, 
1st ed., 1923, 377.) From butter. 

Mycobacterium butyri Chester. (Man. 
Determ. Bact., 1901, 357.) This name 
includes both the Tuberkelahnlichen 
Bacillen of Rabinowitsch and the Butter 
Bacillus of Petri. From butter. 

Mycobacterium hutyricum Bergey et al. 
(Butter Bacillus, Petri, Arb. kaiserl. 


Gesundheitsamte, 14, 1898, 1; Bergey et 
al., Manual, 1st ed., 1923, 377.) From 

butter. 

Mycobacicrium cholesterolicum Tak. 
(.Vntonic van Leeuwenhoek, 8, 1942, 
30.) From garden soil. 

Mycobacterium friburgensis (Korn) 
Chester. {Bacillus friburgensis Korn, 
Cent. f. Bakt., I Abt., 25, 1899, 532; 
Mycobacterium lacticola y friburgensis 
Lehmann and Neumann, Bakt. Diag., 2 
Aufl., 2, 1899,411; Chester,Man. Determ. 
Bact., 1901, 359.) From butter. 

Mycobaclerium graminis Chester. 
(Grasbacillus II, Moeller, Cent f. Bakt., 
I Abt., 25, 1890, 369; Mycobacterium lac¬ 
ticola a planum Lehmann and Neumann, 
B.akt. Diag., 2 Aufl., 2, 1899,403; Chester, 
Man. Determ. Bact., 1901, 358; Myco¬ 
bacterium lacticola planum Haag, Cent, 
f. Bakt., II Abt., 71, 1927, 3.) From 
hay dust. 

Mycobacicrium hyalinum Sohngen. 

(Cent. f. Bakt., II Abt., 57, 1913, 599.) 
From garden earth. 

Mycobacterium lulcum Sohngen {loc. 
cit.). From garden earth. 

Mycobacterium muris Simmons. 
(Jour. Inf. Dis., 4t, 1927,13.) From the 
feces of gray mice. 

Mycobaclerium phlei perrugosum Haag. 

(Cent. f. Bakt., II Abt., 71, 1927, 6.) 

From soils and manure. 

Mycobacterium phlei planum Haag {loc. 

cit.). From soils. 

Mycobaclerium ranicola I and II Haag 

{loc. cit.). From frogs. 

Mycobacterium rubrum Sohngen {loc- 
cit.). From garden earth. 

Mycobacicrium smegmatis (Trevisan) 
Chester. (Smegma bacillus, Alvarez 
and Tavel, Arch. Phys. norm, et path., 

6, 1&S5, 303; Bacillus smegmatis Treyis.an. 

I generi e le specie delle Batteriacee, 
1889, 14; Bacterium smegmatis Migula, 
Syst. d. Bakt., f. 1900. 497; Chester. 

Man. Determ. Bact., 1901, 357.) 
smegma. Weber (Arb. kaiserl. Gesund- 

heitsamte, 19, 1902, 251) finds 
terium smegmatis acid- but not a co 
fast in contrast to the mammalian 
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tubercle bacilli which are both acid- and 
alcohol-fast. Later observers (Bynoe, 
Thesis, McGill University, Montreal, 
1931) have not found this a valid dis¬ 
tinction. 

MycohacUrium var. inuris 

Galli-Valerio. (Cent. f. Bukt., I Abt., 
Orig., 76, 1915, 40.) From the prejmtial 
glands of the black rat {Mus raltus). 

Mycobacterium stercoris Bergey et al. 
(Mist Bacillus, Moeller, Berlin, thier- 
arztl. Wochnschr., 1S98, 100; Mycobac¬ 
terium stercusis (sic) Bergey et al., 
Manual, 1st ed., 1923, 378; Bergey et al., 
Manual, 4th cd., 1934, 542.) From 
manure. 

Mycobacterium testudims Friedmann • 
and Piorkowski. (See Haag, Cent. f. 
Bakt., II Abt., 71, 1927, 5; apparently 
the same as Mycobacterium testudo, loc. 
cit., 10.) This is probably Mycobacte¬ 
rium Jriedmannii. From turtles. 

Appendix 11: Krassilnikov (Mikro- 
biol., 7, 1938, 335; and Ray Fungi and 


Related Organisms, Izd. Acad. Nauk. 
Moskow, 1938, 121-130) describes a 
genus .1/i/cococcus distinct from Haiis- 
girg’s (Osterr. Bot. Ztschr., S8, 1888, 
266) family Mycococcaccae (which is 
related to the fungi) and distinct from 
Mycococcus Bokor (Arch. f. Mikrobiol., 
/, 1930, 1). 

Mycococcus Krassilnikov ' includes 
species that produce coccus-like ceils, 
genetically related to the species included 
in Mycobacterium; reproduction is by 
fission or budding in different directions, 
often forming short, irregular chains with 
side branches; in old cultures, the vege¬ 
tative cells change into resting cells, the 
latter germinating in a manner similar 
to the spores of actinomycetes. Seven 
species are listed, with incomplete de¬ 
scriptions. Mycococcus ruber, M. capsu- 
latus, M. luteus, M. citrous and M. albus 
are described in Krassilnikov’s original 
paper. One of these {Mycococcus luteus) 
is dropped in his later monograph while 
descriptions of two new species are added 
{Mycococcus tetragenus and M. mucosus). 
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FAMILY II. ACTINOMYCETACEAE BUCHANAN.* 

(Jour. Bact., 3, 1918, 403.) 

Mycelium is non-septate during the early stages of growth but later may become 
septate and break up into short segments, rod-shaped or spherical in shape, or the 
mycelium may remain non-septate and produce spores on aerial hyphae. The or¬ 
ganisms in culture media are either colorless or produce various pigments, borne 
species are partially acid-fast. This family is distinguished from the previous one 
by the formation of a true mycelium. As compared with the ne.xt family, it is c arac 
terized by the manner of spore formation. 

Key to the genera of family Actinomycetaceae. 

I Obligate aerobic. The colonies are bacteria-like in nature, smooth, rough or 
folded, of a soft to a dough-like consistency, sometimes compact and leathery 
in young stages. Most forms do not produce any aerial mycelium; a few pro¬ 
duce a limited mycelium, the branches of which also break up into oidiospore 
or segmentation spores. Some species are partially acid-fast. 

Genus I. Nocardia, p. 892. _ 

II. Anaerobic or microaerophilic, parasitic; non-acid-fast, non-proteolytic an 

diastatic. 

Genus II. Actinomyces, p. 925. 


Genus I. Nocardia Trevisan. 

(Trevisan, I generi e le specie delle Batteriacee, 1889, 9; Aclinomyces G^perini, 
Cent, f. Bakt., 15, 1894 , 684 and Atti dell' XI congresso med. .nterna _ 

1895, 82; not Actinomyces Harz, Jahresber. ^ *0 1906 180 ; Sam- 

1878, 1879, 125; Actinobaclerium Haas, Cent. f. Bakt., I Abt., rig., 4 ’ . ^biol., 

Pietro, Ann. d'lgiene. Roma. 18,1908, 331; Ae^fnococcua 

Delft, 3, 1914, 196; not Aciinococcus Kutzing, Species Puntoni and Lco- 

tkrix Lignieres, Ann. Parasit. hum. et comp., S, 1924, 1 ; Asteroi 

Lrdi, Boll, e Atti d. R. Accad. Med.,3i. 

Soc. New So. Wales. 53, 1931. 345.) Named for Prof. E. Nocard «ho hrst 

the type species. Kmnched. forming a 

Slender filaments or rods, frequent y swollen and ^ bacterium- 

mycelium which after reaching a certain size assumes , Conidia 

like growths. Shorter rods and cocco.d forms are found m 

not formed. Stain readily, occasionally showing similar 

Non-motile. No endospores. Aerobic. phenol and 

in gross appearance to those of the genus Mycobactenum. Baram , v 

m-cresol are frequently utilized as a source of of 

In their early stages of growth on culture media mycelium 

nocardias is similar to that of actinomyces ™ ^^.^^of the\yphae 

hyphae branch abundantly, the branching being true. .-^^rdine to the species- 

Zry between 0.5 and 1 micron, usually 07 to O S nocardias differs 

The mycelium is not septate. However, the further „.alls and the 

sharply from that of actinomyces: the S'*”®"*® ^ Ihort cells, then into coccoid 
whole mycelium breaks up into regularly cylindrical short cells, -__ 

• Completely revised by ^ 

New Brunswick, New Jersey and Prof. A. 1. tlennc , 

Minneapolis, Minnesota, May, 1943. 
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cells. On fresh culture media, the coccoid cells germinate into mycelia. The whole 
cycle in the development of nocardias continues for 2 to 7 days. Most frequently the 
coccoid cells are formed on the third to fifth day, but in certain species (e.g., Xocanlia 
rubra) they can be found on the second day. 

Numerous chlamydospores may be found in older cultures of nocardias. Tliey are 
formed in the same way as the chlamydospores in true fungi: the plasma inside the 
filaments of the mycelium condenses into elongated portions. In older cultures of 
nocardias many coccoid cells are changed into resistant cells. The latter are larger 
than the vegetative coccoid cells; the pUisma of these cells is thicker than the plasma 
of vegetative cells; on fresh media they germinate like the spores of actinomyces; 
they form 2 to 3 germ tubes. Besides the cells mentioned, numerous involution 
forms can often be found in older cultures of nocardias; the cells are thin, regularly 
cylindrical or coccoid, are often transformed into a series of spherical or elliptical 
ampules and a club-like form (2 to 3 microns and more). 

The multiplication of nocardias proceeds by fission and budding; occasionally they 
form special spores. Budding occurs often. The buds are formed on the lateral 
surface of the cells; when they have reached a certain size, they fall off and develop 
into rod-shaped cells or filaments. The spores are formed by the breaking up of the 
cell plasm into separate portions usually forming 3 to 5 spores; every portion becomes 
rounded, covered with a membrane and is transformed into a spore; the membrane 
of the mother cell dissolves and disappears. The spores germinate in the same way 
as those of actinomyces. They form germ tubes which develop into a mycelium. 

The colonies of nocardias have a paste-like or mealy consistency and can easily be 
taken up with a platinum loop; they spread on glass and occasionally render the broth 
turbid. The surface colonies arc smooth, folded or wrinkled. Typical nocardias 
never form an aerial mycelium, but there are cultures whose colonies are covered with 
a thin coating of short aerial hyphae which break up into cylindrical oidiospores. 

Many species of nocardias form pigments; their colonics arc of a blue, violet, red, 
yellow or green color; more often the cultures are colorless. The color of the cul¬ 
ture serves as a stable character. 

Krassilnikov (Ray fungi and related organisms, Izd. Acad. Nauk, U.S.S.R., Moscow, 
1938) divides the genus into two groups: 1. Well developed aerial mycelium; sub¬ 
strate mycelium seldom produces cross-walls; the threads break up into long, thread¬ 
like rods; branches of the aerial mycelium produce segmentation spores and oidio¬ 
spores; the latter are cylindrical with sharp ends; no spirals or fruiting branches. 
This group is the same as group B of Jensen (loc. cit.). 2. Typical forms; mj'cclium 
develops only at early stages of growth, then breaks up into rod-shaped and coccoid 
bodies; smooth and rough colonies, dough-like consistency; never form an aerial myce¬ 
lium; similar to bacterial colonies; aerial mycelium may form around colonies. This 
genus can also be divided, on the basis of acid-fastness, into two groups: Group 1. 
Partially acid-fast organisms, which are non-proteolytic, non-diastatic and utilize 
paraffin; usually yellow, pink, or orange-red in color. Group 2. Non-acid-fast or¬ 
ganisms, which are diastatic, largely proteolytic and do not utilize paraffin; yellow 
orange to black in color. 

The type species is Nocardia farcinica Trevisan. 

Key to the species of genus Nocardia. 

I. Partially acid-fast* organisms with strongly refractive cells; non-proteolytic 
and generally non-diastatic; constantly capable of utilizing paraffin. 

• Acid-fastness is not marked in cultures, is apparent in infected tissues, pro¬ 
nounced in sputum or other exudates. 
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A. Initial mycelium well developed, richly branching, dividing into rods and 
generally into cocci. 

1. Vegetative mycelium soft, without raacroscopically visible aerial 

mycelium. 

a. Vegetative mycelium yellow, orange or red. 

b. Pathogenic. 

c. Vegetative mycelium white, buff, or pale yellow. 

1. Nocardia farcinica. 
cc. Vegetative mycelium yellow to red. 

2. Nocardia asteroides. 

bb. Not pathogenic. 

3. Nocardia polychromogenes. 
aa. Vegetative mycelium white to pink. 

b. Gelatin not liquefied. 

c. Growth on nutrient agar opaque, cream-colored; 
coccoid forms in broth. 

4. Nocardia opaca. 

cc. Growth on nutrient agar watery, no coccoid forms m 
broth. 

5. Nocardia erythropolis. 
ccc. Growth on nutrient agar pink. 

d. While aerial mycelium on milk. 

6 . Nocardia leishmanii. 
dd. Pink pellicle on milk. 

7. Nocardia caprae. 
ddd. Yellow pellicle on milk. 

8 . iVocardio pretoriana. 

bb. Gelatin liquefied. 

9. Nocardia pulmonalis. 

2. Vegetative mycelium hard, yellow, with white aerial mycelium, hyp 

divide into chains of acid-fast cocci. 

10. Nocardia parajfinae. 

B. Initial mycelium very short, rapidly dividing into rods and cocci. 

1. Slowly growing organisms; cells 0.5 to 0.7 micron in diame er. 

11. Nocardia minima. 

2. Rapidly growing organisms; cells 1.0 to 1.2 microns in diameter. 

a. Growth pink. 

b. Cystites (swollen cells) not formed, 

c. No indigotin from indole. 

12. Nocardia eorallina. 

cc. Indigotin from indole. 

13. Nocardia globerula. 

bb. Cystites formed. 

14. Nocardia salmonicolor. 

aa. Growth coral red. . 

15. Nocardia rubropertincta. 

ftAA Growth dark red. 

16. Nocardia rubra. 

aaaa. Growth white. 

b. No aerial mycelium. 

17. Nocardia coeliaca. 

bb. Aerial mycelium. 

18. Nocardia transvalent**’ 
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II. Non-acid-fast organisms with weakly refractive cells; no distinct formation of 
cocci. Constantly diastatic. 

A. Not proteolytic. 

1. Growth on agar pale cream. 

19. Nocardia mcsenlerica. 

2. Growth on agar yellow. 

20. Nocardia Jlava. 

3. Growth on agar green. 


21. Nocardia virulis. 

4. Growth on agar yellow-green. 

22. Nocardia citrea. 

5. Growth on agar pink to crimson. 

23. ;Yocardta madurae. 

6. Growth consLstency soft, sparse aerial mycelium. 

24. Nocardia lutea. 

7. Growth consistency medium, good aerial mycelium. 

25. Nocardia blackwtUii. 

8. Good action on milk. Growth consistency (irm, liberal, aerial myce¬ 

lium. 


26. Nocardia cunicuH. 

9. Deep brown pigment on protein media. 

27. Nocardia rangoonensis. 

10. Light brown pigment on protein media. 

28. Nocardia cairiae. 


B. Proteolytic. 


1. Growth on nutrient agar with rapid formation of unbranched diphthe¬ 

roid-like rods; no typical cystites; broth turbid. 

29. Nocardia aclinomorpha. 

2. Growth on nutrient agar with e.xtensive mycelia; simple unbranched 
• rods not formed; cystites present. Broth clear. 

30. Nocardia Jlavescens. 

3. Colonies orange-yellow to orange-red, which may change to black. 

31. Nocardia maculata. 

4. Light brown pigment on protein media. 

32. Nocardia rhodnii. 

5. Green to greenish-brown pigment on protein media. 

33. Nocardia gardneri. 


1. Nocardia farclnlca Trevisan. (Ba- 
cille du farcin, Nocard, Ann. Inst. Past., 
1888,293; Trevisan, I generi e Ic specie 
delle Batteriacee, Milan, 1889,9; 5/rcp/o- 
irix Jarcinica Rossi Doria, Ann. d. Ist. 

Sper. Univ. di Roma, 1, 1891, 424; 
Actinomyces farcinicua Gasperini, Ann. 
1st. dTgiene, Roma, £, 1892, 222;Oospora 
farcinica Sauvageau and Raduis, Ann. 
Inst. Past., d, 1892, 248; Actinomyces 
^ovis farcinieus Gasperini, Cent. f. Bakt., 
iSf 1894, 684; Bacillus farcinicua Gas¬ 


perini, ibid.; Cladothriz farcinica Mac6, 
Trait6 de Bactfiriologie, 3rd ed., 1894, 
1047; Slreplolhrix farcini boois Kitt, 
Bakterienkunde und pathologische 
Mikroskopie, Vienna, 3 Aufl., 1899, 511; 
Bacterium nocardi Migula, Syst. d. 
Bakt., 2, 1900, 345; Streptothrix nocardii 
Foulerton, Jour. Compt. Path, and 
Therap., 14. 1901, 61; Discomyces far- 
cinicus Gcdoelst, Les champignons 
parasites de I’bomme et des animaux 
domestiques, Brussels, 1902, 167; Ac- 
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tiiioinyccs nocordii Buchanan, Veterinary 
r>;iCt(’riology, Pliilacielphia. 1011, 378; 
Xoondiii nlbi ld Chalmers and Christo- 
jjlierson. Ann. Trop. Med. and Parasit., 
JO. 1916, 271, according to Dodge, Medi¬ 
cal Mycology, St. Loui.s, 1935, 7-16.) 
From M. L. jarcinicus, of farcy. 

Filaments 0.25 micron in thickness, 
branched. Markedly acid-fast. 

Gelatin colonies: Small, circular, trans¬ 
parent, glistening. 

Gelatin stab: No liquefaction. 

Agar colonies: Yellowish-white, irregu¬ 
lar, refractive, filamentous. 

Agar slant: Grayish to ycliowish-white 
growth, surface roughened. 

Broth: Clear, with granular sediment, 
often with gray pellicle. 

Litmus milk: Unchanged. 

Potato: Abundant, dull, crumpled, 
whitish-yellow growth. 

Nitrites not produced from nitrates. 
No soluble pigment formed. 

Proteolytic action absent. 

Starch not hydrolyzed. 

Aerobic, facultative. 

Optimum temperature 37®C. 

Source: From cases of bovine farcy. 
Habitat: Associated with a disease in 
cattle, resembling chronic tuberculosis. 
Transmissible to guinea pigs, cattle and 
sheep, but not to rabbits, dogs, horses or 
monkeys. 

2. Nocardia asteroides (Eppinger) 
Blanchard, ifiladothrix asteroides Ep¬ 
pinger, Beitr. z. path. Anat., 5, 1891, 287; 
Streptoirix (sic) eppingerii Rossi Dona, 
Ann. Inst. dTg. sper. d. Lniv. Roma, 
/, 1891, 423; Streptoirix (sic) asteroides 
Gasperini, Ann. Inst. d’lg. sper. d. Univ. 
Roma, 2, 1892, 183; Oospora asteroides 
Sauvageau and Radais, Ann. Inst. Past., 
6, 1892, 252; Actinomyces asteroides 
Gasperini, Cent. f. Bakt., 16, 1894, 684, 
Blanchard, in Bouchard, Trait<S Path. 
G4n., 2, 1895, 811; Discomyces asteroides 
Gedoelst, Champ. Paras. Homme et 
Anim., 1902, 173; Actinomyces eppingen 
Namyslowski, Cent. f. Bakt., I Abt., 


Orig., 62, 1912, 566; Asteroides astergides 
Puntoni and Leonardi, Boll, c Atti 
(1. R. .\ccad. Med. di Roma, 61, 1935, 92; 
Mycobacterium asteroides, quoted from 
Puntoni and Leonardi, idem; Proacli- 
noniyves asteroides Baldacci, Soc. 
Internat. di Micro!)., Boll. d. Scz. Ital., 
.9, 1937, 141.) From Greek aster, star 
;md cidos, sh.ape. 

Probable synonyms : Streptoirix auran- 
tiaca Rossi Doria, loc. cit., 417 (Actino¬ 
myces auranliacus Gasperini, loc. ctl., 
1892, 222; Oospora auranliaca Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 
1896, 388; Cladothrix auraniiaca Mac6, 
Traite Pratique de Bact., 4th ed., 1901, 
1096; Nocardia auraniiaca Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 268) and Streplothnx 
freeri Musgrave and Clegg, Philippii*® 
Jour. Sci., Med. Sciences, 1907, 47/ 
(Discomyces freeri Brumpt, Prticis c 
Parasitol., Paris, 1st ed., 1910, 858, 
Nocardia freeri Pinoy, Bull. Inst. Past., 
//, 1913. 936; Oospora freeri Sartory. 
Champ. Paras. Homme et Anim., 1 » 

785; Actinomyces freeri Bergey ct al.. 
Manual. 1st ed.. 1923, 346). According 
to C’halmers and Christopherson ( oc. 

cit.) another synonym o 
is Slreplolhrix hominU Sabrazos »n-l 

Itivicre, I.e Somaine M&lecine, 


Straight, fine mycelium, 0.2 micron m 
lickness, which breaks up into smai , 

iccoid conidia. Acid-fast. 

Gelatin stab: Yellowish surface grow 
b growth in stab. No liquefaction^ 
Synthetic agar: Thin, spreading, orange 

rowth. No aerial mycelium. 

^ orange 

a 1 


a\n agar: Much folded, light yello"’ 
■th, becoming deep yellow to yello« 

bLe broth: Thin, yellowish 
tmus milk: Orange -colored nng. 

coagulation. No PeP‘°“^‘7-^hit- 
,tato: Growth much j 

becoming yellow to almost bnck-r 
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Nitrites produced from nitrates. 

No soluble pigment formed. 

Proteolytic action doubtful. 

Starch not hydrolyzed. 

Transmissible to rabbits and guinea 
pigs but not to mice. 

Aerobic. 

Optimum temperature 37®C. 

Source: From a cerebral abscess in man. 

Habitat: Also found in conditions re¬ 
sembling pulmonary tuberculosis. 

A number of strains of acid-fast ac- 
tinomycctes isolated from human lesions 
have deviated in certain particulars from 
the description of Nocardia asieroides, 
but not sufficiently to warrant separation 
as species. The following varieties are 
described by Baldacci (Mycopathologia, 
1938, 68): 

Nocardia asieroides var. crateriformis 
(Baldacci) comb. nov. (Proactinomyces 
asieroides var. crateriformis Baldacci, 
loc. cii.) Less tendency to fragmentation 
of mycelium. CJomplete lack of aerial 
mycelium. Growing as discrete colonies, 
disk- or crater-shaped. 

Nocardia asieroides var. decolor 
(Baldacci) comb. nov. {Proactinomyces 
•asieroides var. decolor Baldacci, loc. cit.) 
'Greater tendency to produce white 
aerial mycelium; vegetative mycelium 
-colorless. 

Nocardia asieroides var. gypsoides 
(^(Baldacci) comb. nov. (Actinomyces 
•gypsoides Henrici and Gardner, Jour. Inf. 
Dis., 28, 1921, 248; Discomyccs gypsoides 
Brumpt, Prdcis dc Parasitol., Paris, 
;3rd ed., 1922, 980; Oospora gypsoides 
iSartory, Champ. Paras. Homme et 
Anim., 1923, 802; Proactinomyces as¬ 
ieroides var. gypsoides Baldacci, loc. 
•cii.) White aerial mycelium; darkening 
of peptone media. 

3. Nocardia polychromogenes (Vall6e) 
com6. nov. (Streptothrix polychromogenes 
ValI6e, Ann. Inst. Past., 17, 1903, 288; 
Slreptolhrix pluricromogena Caminiti, 
Cent. f. Bakt., I Abt., Orig., U, 1907, 
198; Actinomyces polychromogenes Licske, 


Morphol. u. Biol. d. Strahlcnpilze, 
Leipzig, 1921, 32; Proactinomyces poly- 
chromogcncs Jensen, Proc. Linncan Soc. 
New So. Wales, 66, 1931, 79 and 3G3; 
Oospora polychromogcncs Sartory, quoted 
from Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4, 1934, 51; 
nomyces plurichromogcnus Dodge, Medi¬ 
cal Mycology, St. Louis, 1935, 737.) 
From Greek, producing many colors. 

Description from Jensen (loc. cit.). 

Long wavy filaments: 0.4 to O.o by 70 
to 100 microns, extensively branched but 
without septa. Older cultures consist 
entirely of rods 4 to 10 microns, fre¬ 
quently in V, Y, or smaller forms. Still 
older cultures consist of shorter rods and 
coccoid forms. Gram-positive, fre¬ 
quently showing bands and granules. 

Gelatin stab: Thin yellowish growth 
along the stab with thin radiating fila¬ 
ments. Surface growth flat, wrinkled, 
red. No liquefaction. 

Nutrient agar: Scant, orange-red 
growth. 

Glucose agar: After 3 to 4 days raised, 
flat, glistening, rose-colored growth. 
.After 1 to 3 weeks becoming folded and 
coral-red. 

Glucose broth: After 3 to 4 days tur¬ 
bid; after 2 to 3 weeks an orange flaky 
sediment. No surface growth. 

Milk: Growth starts as small orange- 
colored surface granules. -After 1 to 2 
weeks a thick, soft, orange-colored sedi¬ 
ment forms. 

Optimum temperature 22® to 25®C. 

Distinctive characters: Differs from 
Nocardia corallina in the formation of 
very long filaments and in filiform growth 
in gelatin stabs. 

Source: From the blood of a horse; 
from soil in France and Australia. 

Habitat: Soil. 

4. Nocardia opaca (den Dooren de 
Jong) comb. nov. (Mycobacterium opacum 
den Dooren de Jong, Cent. f. Bakt., II 
Abt., 71, 1927, 216; Mycobacterium crys- 
tallophagum Gray and Thornton, Cent. 
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f. Bakt., II Abt., 73, 192S, 86; Aclino- 
mijces cryslallophagHs Bcrgoy et al., 
Manual, 3rd ed., 1930, 473; ProacHno- 
mijces opar(/s Jensen, Pioc. Linncan Soc. 
New So. Wales, 57, 1032, 309; Proactino- 
inyces crystallophagus Reed, in Manual, 
5th cd., 1930, 831.) From Latin opacus, 
shady, darkened. 

Description from Gray and Thornton 
(lor. cit.), Hynoe (Thesis, McGill Uni¬ 
versity, Montreal, 1031), and Jensen 
(loc. ci{.). 

Long, curved, irregular and branching 
filaments or rods: 0.8 to 1.0 by 2 to 16 
microns, or occ.'isionally longer. Few 
chains or clumps are formed. In older 
cultures shorter rods or cocci are gener¬ 
ally formed. Readily stained. Not 
acid-fast. Gram-positive. 

Gelatin colonics: Round, conve.x, whit¬ 
ish, smooth, shining, edges slightly ar¬ 
borescent. Deep cobnics: Burrs, with 
slightly irregular processes. 

Gelatin stab: Convc.x, whitish, smooth, 
resinous, filiform, erose. 

Broth; Turbid with broken white 
scum, or clear with granular suspension. 

Dorset’s egg medium: Spreading, 
smooth, moist, salmon-colored growth. 

Loeffler’s medium: Scanty growth, 
smobth, moist, light buff-colored. 

Glycerol potato: Dry, rough, crumpled, 
pink to buff-colored growth. 

Litmus milk : Grayish pellicle; slightly 
alkaline. 

Nitrites arc produced from nitrates. 

No acid from sucrose, lactose, maltose 
or glucose. 

Phenol and naphthalene are utilized as 

sources of energy. 

Optimum pH 6.8 to 7.3. 

Optimum temperature 30®C. 

Distinctive characters: Differs from 
Nocardia-corailina and Nocardia poly- 
chrotrwgeiics in that the cells are much 
longer than those of the former and much 
shorter than those of the latter. Crow's 
in smooth convex surface colonies and 
burr-like deep colonics. 


Source: Twenty-four strains isolated 
from soils in Great Britain. 

Habitat: Probably sparingly distrib¬ 
uted in soils. 

0 . Nocardia erythropolis (Gray and 
Thornton) comb. nov. (Mi/cobacterium 
erythropolis Gray and Thornton, Cent, 
f. Bakt., II Abt., 75, 1928, 87; Actino¬ 
myces erythropolis Bergey et al., Manual, 
3rd ed., 1930, 472; Proaclinomyces 
erythropolis Jensen, Proc. Linncan Soc. 
of New So. Wales, 57, 1932, 371.) From 
Greek erythrus, red and polis, city. 

Description from Gray and Thornton 
(loc. cit.) and from Bynoe (Thesis, 
McGill University, Montreal, 1931). 

Long uneven-sided rods and filaments, 
curved and branching up to 11 microns 
long by 0.8 micron. Cbccoid forms not 
formed. Stains readily. Not acid-fast. 
Gram-positive. 

Gelatin colonies: After 12 days, round, 
flat, w'hite, shining; edge entire. Deep 
colonics: Round, smooth. 

Gelatin stab: After 8 to 14 days, con¬ 
vex, white, smooth, shining, radiate from 
center, borders cleft. Line of puncture 
filiform, erose. 

Agar colonies: Round, 2 to 3 mm io 
diameter, convex, watery-white; edge 
entire. Deep colonies: Lens-shaped. 

Agar slant: Filiform, flat, watery 
growth; edge undulate. 

Broth: Growth slight, turbid. 

Dorset’s egg medium: After 2 weeks, 
raised, moist, finely granular, irregular 
margin, flesh-colored. 

Loeffler’s medium: After 7 days growth 
as on Dorset’s egg medium, but pink. 

Glycerol potato: After 7 days, flat, 
dry, rough, orange-colored. 

Litmus milk: Pale pink pellicle. 

Nitrites not produced from nitrates. 

No acid from glucose, lactose, sucrose 
or glycerol. 

Phenol is utilized. 

Optimum pH 6.8 to 8.0. 

Optimum temperature 25®C. 
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Distinctive characters: DifTers from 
Nocardia cocliaca and A'ocardia actinO’ 
morpha in the filiform growth and absence 
of liquefaction of gelatin. Long rods and 
filaments. 

Source: Six strains isolated from soils 
in Great Britain. 

Habitat: Presumably soil, 

6. Nocardia lelshmanii Clialmers and 
Christophersou. (A new acid-fast 
etreptothrix, Birt and Leishman, Jour. 
Hyg., S, 1902,120; Chalmers and Christo- 
pherson, Ann. Trop. Med. and Purasit., 
10, 191C, 255; Discomyces Icishmani 
Brumpt, Prdois do Parasitol., Paris, 
3rd ed., 1922 , 984; Adinomj/ccs Icishmani 
Sartory and Bailly, Mycoses pul- 
monaires, 1923, 253.) Named for Leish¬ 
man, one of the original isolators. 

Description from Erikson (foe. cit., 
P-27). 

Initial cells frequently swollen, large 
and irregular, aggregated in short chains 
and then branching out into regular 
narrow filaments; at margin of colony on 
synthetic glycerol agar may be seen 
comparatively long thick segments with 
accompanying fringe of normal hyphae; 
later entire colonies asteroid in appear¬ 
ance, very fine and close angular branch¬ 
ing, with aerial hyphae situated singly; 
aerial mycelium generally abundant with 
irregularly cylindrical conidia. Slightly 
acid-fast. The latter property must 
have been attenuated during artificial 
cultivation, for the organism is reported 
as markedly acid-fast by the original 
isolators. 

Gelatin: Small pink colonics in depths 
of stab. No liquefaction. 

Glucose agar: Rounded elevated colo¬ 
nies with paler frosting of aerial mycelium; 
growth becoming piled up, aerial myce¬ 
lium sparse. 

Glycerol agar: Small round pink colo 
nies, tending to be umbilicated and piled 
up, stiff white aerial spikes. 

Coon’s agar: Small round colorless 


colonies, stiff while aerial spikes; later a 
pink tinge. 

Potato agar: Minute colorlc.ss round 
colonies, small rai.sed patches of white 
aerial mycelium. 

Dorset’s egg medium: (’oloiless con¬ 
fluent growth studded with little wart¬ 
like projections bearing stiff aerial spikes ; 
growth becomes pinkish with a white 
aerial mycelium; later, growth drab 
gray, medium discolored. 

Serum agar: Minute round colorless 
colonics with pinkish tinge in confluent 
raised patch. 

Inspissated serum; Small round pale 
pink colonies, umbilicated and raised up. 

Broth: Liberal growth, white floccu- 
lent colonies; later pink surface colonies. 

Synthetic sucrose solution: Colorless 
flocculent sediment, thin colorless 
pellicle. 

Milk: Surface growth, white aerial 
mycelium, solid coagulum; later partly 
peptonized with pink aerial mycelium. 

Litmus milk: Pink surface growth, 
aerial mycelium, milky opaque after 40 
days. 

Carrot plug: Small irregularly round 
raised colonies, colorless, covered with 
stiff aerial spikes; later buff colored, con¬ 
voluted and ribbed growth with small 
patches of white aerial njycclium; aerial 
mycelium pink in two months. 

Source; From fatal case of lung disease 
and pericarditis in nuin. 

Habitat: Human infections so far as 
known. 

7. Nocardia caprae (Silberschmidt) 
com6. nov. (Slreptolhrix caprae Silber¬ 
schmidt, Ann. Inst. Past., IS, 1S99, 841; 
Cladolhrix caprae Mace, Trait6 Pratique 
dc Bact., 4th cd., 1901, 1094; Discomyces 
caprae Gedoclst, Champ. Paras. Homme 
et Anim., 1902, 174; Oospora caprae 
Sartory, Champ. Paras. Homme ct 
Anim., 1923, 813; Actinomyces caprae 
Ford, Textb. of Bact., 1927, 205.^ From 
Latin capra, goat. 
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Description from Erikson (Med. Res. 
Council Spec. Kept. Ser. 203, 1935, 26). 

Initial cells only slightly enlarged; 
early development of aerial hyphae, 
while substratum threads are still short; 
frequent slipping of branches; aerial 
mycelium abundant on all media with 
tendency to form coherent spikes; my¬ 
celium not very polymorphous, but 
occasional thicker segments appear. 
Slightly acid-fast. 

Gelatin: Extensive dull growth with 
small raised patches of pink aerial myce¬ 
lium; later ribbon-like, depressed. No 
liquefaction. 

Glucose agar: Irregular bright pink 
growth tending to be heaped up; later 
abundant masses frosted over with thin 
white aerial mycelium. 

Glycerol agar: Abundant growth, small 
round pink colonies, partly covered with 
white aerial mycelium. 

Potato agar: E.xtensive thin growth, 
pink in raised patches, covered by white 
aerial mycelium; later aerial mycelium 
also becomes pink. 

Starch agar: Minute colorless colonies 
covered by white aerial mycelium. 

Blood agar: Minute round colorless 
colonics aggregated in broad pink zones, 
paler aerial mycelium. No hemolysis. 

Dorset’s egg medium: Few colorless 
colonies, some pink, white aerial myce¬ 
lium; later, growth becoming dull pink, 
irregular, with scant white aerial myce¬ 
lium. 

Ca-agar: Minute colorless colonies, 
white aerial mycelium; later a pinkish 

tinge. 

Serum agar: Small round pink colonies 
frosted over with thin white aerial my¬ 
celium. 

Inspissated serum: No growth. 

Broth: Superficial pellicle composed of 
pink colonies with white aerial mycelium; 
moderate flocculent sediment. 

Glucose broth; Small sediment of fine 
fiocculi; later pellicle composed of small 
pink colonies; superficial skin entire and 
salmon-colored in 16 days. 


Synthetic glycerol solution: Round 
pink disc-like colonies on surface and 
tenuous white wispy growth in suspension 
and sediment; after 20 days, Surface 
colonies bearing white aerial mycelium 
e.xtending 2 cm up tube. 

Synthetic sucrose solution: Minute 
white colonies in suspension and sedi¬ 
ment in 3 days; thin dust-like pellicle 
in 10 days; some surface colonies with 
white aerial mycelium in 17 days. 

Milk: Red surface skin; solid coaguluni. 

Litmus milk: Red surface growth, no 
change in liquid; after 4 weeks, liquid 

decolorized, opaque. 

Potato plug: Abundant growth, small 
colonies, mostly confluent, entirely cov¬ 
ered with pale pink aerial mycelium, 
growth becomes membranous, consider¬ 
ably buckled; later superficial colonies 
with pink aerial mycelium on liquid at 
base of tube, bottom growth of round 
white colonies. 

Starch not hydrolyzed. 

Source: From lesions in goats. 


Nocardia pretoriana Pijper and 
llinger. (Pijper and Pullinger, Jour. 
3 p. Med. Hyg., 50, 1927, 153; Actino- 
ces pretorianus Nannizzi, in Pollacci, 

att. Micopat. Umana, 4, 
imed for Pretoria in South Africa, 
description from Erikson. (Med. Res. 
uncil Spec. Rept. Ser. 203, 1935, 

vlinute flat colonies are formed con 
ting of angularly branched filament, 
i bearing a few short straight aeria 
phae; later the growth becomes 
'eading and extensive, the slippmg o 
; branches is well marked and the 
•ial hyphae are divided into cj lin rica 

lidia. Slightly acid-fast. 

Selatin: A few colorless flakes. ^ 

"^r:Palebuffumbmcatedand 

ed up colonies. 

Mycerol agar: Piled up pmk mass, 
■y scant white aerial mycelium at 
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Ca-agar: Yellowish wrinkled coherent 
growth with white aerial mycelium on 
apices and at margin. 

Coon’s agar: Colorless mostly sub¬ 
merged growth, scant white aerial myce¬ 
lium. 

Dorset’s egg medium; A few round 
colorless colonies in 3 days; after 3 weeks, 
irregular raised pink mass, warted ap¬ 
pearance, moderate degree of liquefac¬ 
tion. 

Serum agar; Raised, convoluted, 
slightly pinkish growth. 

Inspissated serum: No growth. 

Broth: Moderate quantity of flakes 
and dustdike surface growth. 

Synthetic sucrose solution: A few 
colorless flakes on the surface, lesser 
bottom growth. 

Milk: Yellowish surface growth; solid 
coagulum in one month; later, partly 
digested, pale pink growth up the wall of 
the tube. 

Litmus milk; Colorless surface growth, 
liquid blue; becoming hydrolyzed and 
decolorized. 

Potato plug: Small raised pale pink 
colonies with white aerial mycelium; 
after 2 months, plug and liquid dis¬ 
colored, growth dull buff, dry and con¬ 
voluted at base, round and zonate at top 
of slant, white aerial mycelium, surface 
and bottom growth on liquid. 

Source: From a case of mycetoma of 
the chest wall in a South African native. 

Habitat: Human infections so far as 
known. 

9. Nocardia pulmonalis (Burnett) 
comb. nov. (Actinomyces pulmonalis 
Burnett, Ann. Rept. N. Y. State Vet. 
Coll., 1909-1910, 167.) From Utin 

pulmo, lung. 

Gram-positive mycelium breaking up 
readily into oval-shaped conidia. Acid- 
fast, especially in early stages of growth. 

Gelatin: Small, whitish, spherical 
colonies; edges of colony becoming chalky 
white; limited liquefaction. 


Agar: Moist, raised growth in tlie form 
of small, spherical colonics. 

Glucose agar: Dull, wliitish, convo¬ 
luted growth. 

Broth: Delicate, translucent film on 
surface, becoming corrugated with some 
whitish, spherical colonics in medium. 

Milk; Colonies on the surface of 
the medium; milk is coagulated in a few 
days, later digested. 

Potato: Lu.xuriant growth in the form 
of small, translucent, round colonics; 
becoming colored lemon-yellow; later, 
growth becomes convoluted or folded 
with chalky white aerial mycelium, color 
of plug brownish. 

Non-pathogenic for rabbits and guinea 
pigs. 

Aerobic. 

Source; From the lungs of a cow. 

Habitat: Bovine infections so far as 
known. 

10. Nocardia paraffinae (Jensen) com6. 
nov. (Proaclinomyces paroffinae Jensen, 
Proc. Linn. Soc. New So. Wales, 66, 1031, 
362.) From M. L. paraffina, paraffine. 

In agar media, the organism initially 
forms an extensive mycelium of long, 
richly-branching hyphae, 0.4 to 0.5 mi¬ 
cron thick, .\ftcr 5 to 6 days, at room 
temperature, numerous end branches 
swell to about double thickness, become 
more refractive, exhibit fine incisions 
along their external contours, and divide 
into oval, spore-like elements, 0.8 to 1,0 
by 1.2to 1.5 microns. This processof di¬ 
vision starts at the tips of the swollen 
branches and proceeds basipetally until 
most of the hyphae appear divided. Pri¬ 
mary septa have not been seen in the 
hyphae. A similar process of division 
takes place in liquid media, where also 
the filaments often fall into fragments of 
variable length. The spore-like elements, 
but not the undivided filaments, are 
markedly acid-fast. The aerial myce¬ 
lium consists of mther short, straight, 
not very much branched hyphae, 0.4 to 
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0.6 micron thick, which never show any 
difTerentialion into spores. 

Gelatin: Xo liquefaction. 

Sucrose agar: ^’ery scant growth. 
Thin colorless veil, sometimes with a 
trace of white aerial mycelium. 

Glucose agar: Fair growth. Vegeta¬ 
tive mycelium flat, growing into me¬ 
dium; pale ochre-yellow to orange, with 
raised outgrowths on the surface. 
Growth of a crumbly consistency. Scant, 
while, aerial mycelium. 

Nutrient agar: Slow but good growth. 
Vegetative mycelium superficial, some¬ 
what raised, ochre-yellow, hard, but with 
a loose, smeary surface. Aerial myce¬ 
lium scant, small white tufts. Xo pig¬ 
ment. 

Potato: Fair growth. Vegetative 
mycelium granulated, first pale-yellow, 
later deep ochre-yellow to orange. 
Scant, while, aerial mycelium. Xo pig¬ 
ment. 

Liquid media (milk, broth, synthetic 
solutions): Small, round granules of 
various j'ellow to orange colors, firm, 
but can be crushed into a homogeneous 
smear. In old broth cultures a thick, 
hard, orange to brownish surface pellicle 
is formed. 

Sucrose not inverted. 

Starch not hydrolyzed. 

Cellulose is not decomposed. 

Xitrates are not reduced to nitrites. 

Milk is not coagulated or digested. 

Final reaction in glucose XIUCl solu¬ 
tion, pH 4.6 to 4.4. 

All strains show a marked power of uti¬ 
lizing paraffin wax as a source of energy. 

Source: Isolated from soil. 

Habitat: Soil. 

11. Nocardia minima (Jensen) com6. 
nov. {Proactinomyces minimus Jensen, 
Proc. Linnean Soc. New So. Wales, 
1931, 365.) From Latin tninimus, very 

small. 

Filaments and rods: 0.4 to 0.6 by 2 to 
10 microns. In older cultures mostly 
short rods, frequently V, Y, swollen 


forms, or cocci. Irregularly stained with 
ordinary dyes, generally show bars and 
bands. Generally a few cells from cul¬ 
tures are acid-fast, most are not acid- 
fast. Gram-positive. 

Gelatin stab: Filiform, granulated, 
cream-colored growth. Xo liquefaction. 

Agar: Slow growth, raised, folded, with 
finely myeloid margins. At first color¬ 
less, after 6 to 8 weeks flesh pink or coral 
pink. 

Potato: Growth slow, after 6 to 8 weeks 
abundant, spreading, much raised, finely 
wrinkled, coral pink. 

Paraffin is utilized. 

Optimum temperature 22'" to 25® C. 

Distinctive characters: Closely re¬ 
sembles Nocardia corallina but differs 
in the much slower growth and the 
smaller size of the cells. 

Source:'From soil in Australia. 

Habitat: Soil. 

12. Nocardia corallina (Bergey et al.) 
comb. nor. (Bacillus mycoides corallinus 
Hefferan, Cent. f. Bakt., H Abt., Hr 
1904, 459; Serralia corallina Bergey et 
al., Manual, 1st ed., 1923, 93; Slrepiolhrix 
corallinus Reader, Jour. Path, and Bact., 
20, 1926, 1; .Mycobacterium agresle Gray 
and Thornton, Cent. f. Bakt., II Abt., 
75, 1928, 84; Actinomyces agrestis Bergey 
et al., Manual, 3rd ed., 1930, 472; Pro¬ 
actinomyces agrestis Jensen, Proc. Lin¬ 
nean Soc. New So. Wales, 66, 1931, 345, 
proactinomyces corallinus Jensen, ibid., 
57, 1932, 364.) From Latin corallinus. 

coral red. 

Description from Gray and Thornton 
(loc. cit.), Jensen (loc. cit.) and Byntw 
(Thesis, McGill University, Montreal, 

Branching rods, generally curved, l to 
1.5 by 3 to 10 microns. In older cultures 
generally shorter rods and cocci. Non- 
motile. Not acidTast. Gram-positive- 

Gelatin colonies: Round, convex, 
smooth, pink, shining, edge filamen¬ 
tous. Deep colonies: Burrs. 
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Gelatin stab: Nailhead; line of stab 
arborescent. Xo liquefaction. 

Agar colonies: Round, convex, or um- 
bonate, smooth, pink, sliining or matte; 
border lighter, edge filamentous or with 
arborescent projections. Deep colonies: 
Burrs, or lens-shaped, with arborescent 
projections. In their verj' early stages 
colonies consist of branching filamentous 
rods. As the colony grows, the cells in 
the interior break up into short rods and 
cocci which eventually form the mass of 
the colony. Cells on the outside remain 
filamentous, giving the colony a burr- 
like appearance, and often forming long 
arborescent processes. 

Agar slant: Filiform, convex, smooth, 
pink, shining or matte; arborescent or 
with projections from undulate border. 

Litmus milk: Alkaline. Reddish pel¬ 
licle. 

Glycerol potato: Filiform; raised, dry, 
wrinkled, yellowish-brown to coral red. 

Broth: Usually turbid. Rink scum. 

Dorset’s egg medium: Filiform, raised, 
dry, wrinkled, orange. 

Loeffler’s medium: Similar to growth 
on Dorset’s egg medium, but pink. 

Nitrites produced from nitrates. 

Acid from glycerol and glucose with 
some strains. No acid or gas from su¬ 
crose, maltose or lactose. 

Phenol and m-cresol are utilized. 
Some strains utilize naphthalene. (Gray 
and Thornton.) Some strains utilize 
phenol or m-cresol (Jensen). 

Optimum pll 6.8 to 8.0. 

Optimum temperature 22® to 25®C. 

Distinctive characters: Soil organism 
forming Mycobacterium-Vike colonies after 
2 to 4 days on simple media. Pale pink 
chromogenesis. Nailhead growth in gela¬ 
tin stab. Branching rods and short 
filaments. 

Source: Seventy-four strains isolated 
from soils in Great Britain and Australia. 

Habitat: Soil. 

13. Nocardla globernla (Gray) comb, 
nov, {Mycobacterium globerulum Gray, 


Proc. Roy. Soc. London, B, 102, 1928, 
265; Proaclinomyces ylubcrufus Reed, in 
Manual, 5th cd-, 1939, 838.) From Uitin 
globus, a sphere. 

Description from Gray (he. cit.) and 
from Bynoe (Thesis, McGill University, 
Montreal, 1931). 

Curved rods and filaments: 1 by 2 to 9 
microns, with many coccoid cells, es¬ 
pecially in old cultures. Rods and fila¬ 
ments are frequently irregularly swollen. 
Not acid-fast. Capsules may be present. 
Gram-positive. 

Gelatin: After 19 days surface colonies 
irregularly round, 1 to 2 mm in diameter, 
convex, light bulT, smooth, shining; edge 
entire. Deep colonies: Round, with en¬ 
tire edge. 

Gelatin stab: After 8 days nailhead, 
irregularly round, conve.x, pinkish-white, 
smooth, shining; line of stab erose. 

Agar: After 4 days surface colonies ir¬ 
regularly round, 3 to 5 mm in diameter, 
convex, white, smooth, shining; edge un¬ 
dulate, erose. After 7 days, more con¬ 
vex and of a watery appearance. Deep 
colonies; After 4 days, lens-shaped. 

Agar slant; After 3 days, filiform, flat, 
w'atery; edge irregular. 

Nutrient and peptone broth: Turbid 
with viscous suspension. 

Indole not formed. 

Litmus milk: Alkaline. 

Glycerol potato: After 24 hours, fili¬ 
form, moist, smooth, pale pink. 

Dorset’s egg medium: After 2 w-ccks, 
spreading, raised, moist, orange-colored. 

Loeffler’s medium: Growth as on 
Dorset’s egg medium, but salmon-colored. 

Nitrites not produced from nitrates. 

No acid from glucose, lactose, maltose, 
sucrose or glycerol. 

Phenol is utilized. 

Indole agar: Blue crystals of indigotin 
formed. 

Optimum temperature 25® to 28®C. 

Optimum pH 6.8 to 7.6. 

Distinctive characters: This organism 
resembles most closely Nocardia 
corallina. It is distinguished by pro- 
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ducing a more waterj' type of surface 
growth, more nearly entire deep colonies 
and more particularly by the production 
of indigotin from indol. 

Source: From soil in Great Britain. 

Habitat: Presumably soil. 

14. Nocardia salmonicolor (den Dooren 
de Jong) comb. nov. (Mycobacterium 
salmonicolor den Dooren de Jong, Cent, 
f. Bakt., II Abt., 71, 1927, 216; Flavo- 
baclerium salmonicolor Bergey et al., 
Manual, 3rd cd., 1930, 157; Proactino- 
myccs salmonicolor Jensen, Proc. Linnean 
Soc. New So. Wales, 67, 1932, 368.) 
From Latin salmo, salmon and color, 
color. 

Closely related to Nocardia corallina. 

On glucose-asparagine-agar after 18 to 
24 hrs.. long branching rods are formed, 
1.0 to 1.3 microns in thickness, with 
small refractive granules of aerial my¬ 
celium, sometimes stretching into quite 
long filaments; after 2 to 3 days small 
definite mycelia are present, and after 5 
to6days these have largely divided into 
short rods and cocci; the colonies have 
the same burr-like appearance as those 
of Nocardia corallina. Many cells at 
the edge of the colonies show, after 3 to 

4 days, club- or pear-shaped swellings, 
up to 2.5 to 3.0 microns in width; after 

5 to 6 days, many of these swollen cells 
are seen to germinate with the formation 
of two more slender sprouts. (Qrskov, 
Investigations into the Morphology' of 
the ray fungi. Copenhagen, 1923 , 82, 
gives an almost identical picture of 
Streplothrix rubra; it is questionable, 
indeed, whether these two organisms 
are not really identical.) 

Gelatin : At 20*^ to 22^, scant arbores¬ 
cent growth in stab; small wrinkled 
orange surface colony. No liquefaction. 

Glucose-asparagine-agar: Good growth, 
restricted, rather flat, edges lobate, sur¬ 
face warty, glistening, first pale orange, 
later ochre-yellow; consistency crumbly. 
After 5 to 6 weeks the growth is paler 


with many small round raised yellow 
secondary colonies. 

Glucose-nutrient agar: Excellent 

growth, spreading, flat, dense, edges lo¬ 
bate, surface folded, glistening, yellow, 
gradually changing to deep orange-red. 

Nutrient broth: Fair growth; thin pel¬ 
licle and granular sediment, at first 
cream-colored, later red; broth clear at 
first, slightly turbid after 3 weeks. 

Milk: Good growth; pellicle of small 
cream-colored granules after 2 days, later 
a thick orange sediment. Not coagu¬ 
lated, but appears slightly cleared after 
5 weeks, the reaction becoming alkaline. 

Potato. Good growth, raised, warty, 
crumbly, glistening, at first buff, chang¬ 
ing to orange and finally to almost blood- 
red. 

Indole not formed. 

Nitrites produced from nitrates. 

Nitrate, afnmonium salts, asparagine 
and peptone are utilized almost equally 
well with glucose as source of carbon, 
although the growth is most rapid with 
peptone. 

Sucrose not inverted, although readily 
utilized with sodium nitrate as a source 
of nitrogen. 

Paraffin readily utilized as a source of 
carbon. 

Phenol not utilized. 

No acid from glucose or glycerol. 

Starch not hydrolyzed. 

No grow'th in oxygen-free atmosphere. 

Source: Isolated from soil by means o 
an ethylamine enriched medium, at 37 

Habitat: Probably soil. 

15. Nocardia nibropertlncta (Heffer- 
an) comb. nov. (Butterbacillus, 
berger, Munch, med. Wochnschr., 4^, 
1899, 343; Bacillus rubropertinclus Het- 
feran, Cent. f. Bakt.., II Abt., /f, 1^* 
460; Serratia rubroperlinctus Bergey e 
al., Manual, 1st ed-, 1923, 96; Mycobae- 
terium rubropcrtificlutn Ford, Text 
Bact., 1927, 255; Proaciinomyces jro- 
bropertinclus Reed, in Manual, 5th ed.. 
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1939, 835.) From Latin, colored very 
red. 

Buttner (Arch. Hyg., 97, 1926, 17) 
regards Mycobacterium eos as probably 
identical with Mycobacterium rnbrum 
Sohngen (Cent. f. Bakt., II Abt., 37, 
1913, 599), Grassberger’s organism {loc. 
cit.), Hormann and Morgenrot’s organ¬ 
ism (Hyg. Rundsch., 7, 1898, 229), and 
Weber’s organism (Arb. a. d. k. Gesund- 
heitsamte, Berlin, 19, 1903). 

To this list Lehmann and Neumann 
(Bakt. Diag., 7 Aufl., 2, 1927, 764) also 
add the organism of Ascher (Ztschr. f. 
Hyg., SB, 1899, 329) and the butter 
bacillus of Aujeszky (Cent. f. Bakt., I 
Abt., Orig., SI, 1902, 132). 

Jensen (Proc. Linnean Soc. New So. 
Wales, 1934, 32) regards the following 
organisms as probably identical: Bac¬ 
terium rubrum Migula (Syst. d. Bakt., 
B, 1900, 488) a preliminary description of 
which is given by Schneider (Arb. bakt. 
Inst. ICarlsruhe, 1, Heft 2, 1894, 213); 
probably this is also the organism re¬ 
ferred to by Haag (Cent. f. Bakt., II 
Abt., 71, 1927, 35) as Bacteriuin rubrum; 
and Mycobacterium rubrum Sohngen {loc. 
cit.). 

Description taken from Grassberger 
(foe. ct7.),Heflferan (loc. cit.) and Jensen 
{loc. cit.). 

Small rods: 0.3 to 0.9 by 1.5 to 3.0 
microns. Cells in 18 to 24 hour agar 
culture in beautiful angular arrangement, 
after 2 to 3 days nearly coccoid, 0.6 by 
0.8 micron. Tendency for branching on 
glycerol agar after 2 to 3 days, but branch¬ 
ing does not occur commonly though 
granules of aerial mycelium are sometimes 
seen (Jensen). Not acid-fast (Grass¬ 
berger). Acid-fast (Hefferan). Vari¬ 
able (Jensen). Non-motile. Gram¬ 
positive. 

Gelatin colonies: Irregular with crenate 
margin and folded surface. Coral red. 

Gelatin stab: Surface growth like the 
colonies. Growth in stab at first thin, 
then granular to arborescent with chro¬ 
mogenesis. No liquefaction. 


.Agar colonies: Small, granular, be¬ 
coming pink to red depending on com¬ 
position of agar. 

.Agar slant: Dry, lustreless (K) to 
gli.stening (S), pink to Vermillion red. 

Broth: Faint uniform turbidity with 
salmon-pink pellicle (in .scales) which is 
renewed on surface as it settles to form a 
red sediment (HelTeran, Jensen). 

Litmus milk: Thick, fragile, dull coral 
red surface scales and sediment. Un¬ 
changed (HefTemn) to alkaline and 
somewhat viscid after 3 to 4 weeks 
(Jensen). 

Potato: Slow but e.vcellent intensive 
red growth becoming dull orange 
(Jensen). 

Nitrites not produced from nitrates; 
nitrates, ammonia and asparagine are al¬ 
most as good sources of nitrogen Jis pep¬ 
tone (Jensen). 

Benzine, petroleum, paraffin oil and 
paraffin are utilized as sources of energy 
(Sohngen). No action on manganese 
dioxide (Sohngen, Cent. f. Bakt., II 
Abt., 40, 1914, 554). 

Optimum pH 6.8 to 7.2. Growth stops 
at pH 4.9. 

Temperature relations: Grows well be¬ 
tween 20® and 37®C (Jensen). 

.Aerobic to facultative anaerobe. 

Distinctive characf ers: Mycobacte¬ 
rium-like colonies with coral to vermillion 
red chromogenesis on asparagine agar, 
potato, gelatin and other media. Short 
rods, seldom forms filaments. Generally 
not acid-fast. 

Source: Six cultures isolated from but¬ 
ter (Grassberger). Several cultures iso¬ 
lated from soil in Holland (Sohngen) 
and Australia (Jensen). Two cultures 
as contaminants in tuberculin flasks 
(Hagan, Breed). 

Habitat: Probably widely distributed 
in soil. 

16. Nocardia rubra (Krassilnikov) 
comb. noo. {Proaclhtomyces ruber Kras¬ 
silnikov, Bull. Acad. Sci. U. S. S. R., No. 
1, 1938, 139.) From Latin ruber, red. 



906 


.NLVNUAL OF DETERMINATIVE BACTERIOLOGY 


Mycelium produced at first but soon 
breaks up into rods and cocci. The latter 
multiply by fission, cross-wall formation 
and budding. Cells are Gram-positive, 
weakly acid-fast. 

Gelatin: No liquefaction. 

Colonies smooth or folded and rough, 
shiny or dull, dark red color. Pigment 
belongs to the carotinoids, does not 
dilTuse into the medium. 

Milk: No coagulation or peptonization. 

Sucrose not inverted. 

Starch not hydrolyzed. 

No growth on cellulose. 

Ueadily assimilates fats and paraffin, 
and. to a less extent, wax. 

Various strains of this organism may 
vary considerably from type. 

Habitat: Soil. 

17. Nocardia coellaca (Gray and 
Thornton) comb. nov. {Mycobacterium 
cocliacum Gray and Thornton, Cent. f. 
Bakt., II Abt., 73, 1928, 88; Flavobacle- 
riurn coeliacum Bcrgey et al., Manual, 
3rd ed., 1930, 156; Proaclinomyces co- 
eliacus Kced, in Manual, 5th ed., 1939, 
836.) 

Description from Gray and Thornton 
{loc. cit ) and from Jensen (Proc. Lin- 
nean Soc. New So. Wales. 1931, 201). 

Short, curved, uneven-sided rods: 0.8 
by 5 microns with occasional filaments up 
to 10 to 12 microns long, frequently 
beaded, occasionally swollen or branched. 
Coccoid forms 0.8 to 1.2 microns in di¬ 
ameter are common, especially in older 
cultures. Stain readily. Not acid-fast 
or occasionally slightly acid-fast. Gram- 
positive. 

Gelatin colonies : After 12 days, irregu¬ 
lar, raised, white, rugose, dull, edge en¬ 
tire. Deepcolonies : Irregular, smooth or 
slightly broken. 

Gelatin stab: Convoluted, buff-white 
to yellowish, dull; below surface the 
grow th forms many irregular hollow lobes, 
givinga glistening appearance, to a depth 
of 3 to 4 mm. 

Agar colonies: After 11 days, less than 


1 mm in diameter, round or irregular, 
raised, white, resinous, edge irregular, 
burred. Deep colonies: Irregularly 
round or oval, edge slightly broken. 

Agar slant: Filiform, convex, W’hite, 
rugose, resinous, edge undulate. 

Broth: Turbid. 

Litmus milk: Slightly alkaline after 5 
to 7 days. 

Glycerol potato: After 2 days, dry, 
crumpled, orange, becoming brown after 
about 10 days. 

Dorset’s egg medium: Raised, smooth, 
moist, verrucose, buff-colored. 

Ivoeffier’s medium: After 10 days, 
slight growth, dry, granular, pale buff- 
colored. 

Nitrites arc not produced from nitrates. 

No acid from glucose, lactose, sucrose 
or glycerol. 

Phenol is utilized. 

Optimum pH 7.6 to 8.0. 

Optimum temperature 22® to 25®C. 

Distinctive characters: Differs from 
the previously described members of the 
genus in the absence of chroniogcnesis. 
Forma hollow lobes in deep gelatin cul¬ 
tures. Cells are rods, seldom filaments. 

Source : From soil in Great Britain and 
Australia. 

Habitat: Presumably soil. 


18. Nocardia transvalensls Pijperand 
ullinger. (Pijper and Pullinger, Jour, 
rop. Med. Hyg., SO, 1927, 153; Ac- 
nomyces Iransvalensts Nannizzi, m 
ollacci, Tratt. Micopat. Umana, 4, 
)34, 46.) Named for the Transvaal, a 

;ate of South Africa. 

Description from Erikson (Med. Res. 
Snpc- Rent. Ser. 203, 19 > 


28). ^ ^ ... 

Initial mycelium unicellular, but wit 
the central branch frequently broader 
and showing dense granuUr refractiie 
contents, small colonics quickly covere 
with aerial mycelium, the straight ae^i 
hyphae in some cases becoming clusters 
into irregular spikes, colorless dro^ 
exuded and a pink coloration produced m 
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the densest part of the gro\vtl> on syn¬ 
thetic glycerol agar. Angular branching 
with division of the substratum filaments 
can be seen, the aerial hyphae also being 
irregularly segmented. Acid-fast. 

Gelatin: Poor growth, a few irregular 
colorless flakes. No liquefaction. 

Agar: No growth. 

Glucose agar: Raised, granular, pink 
colonies w’ith white aerial mycelium. 

Glycerol agar: Small (link coiled masses 
with thin white aerial mycelium. 

Potato agar: No growth. 

Coon’s agar: Colorless growth with 
liberal white aerial mycelium. 

Dorset’s egg medium: Small irregularly 
raised and coiled dull pink mass. 

Serum agar: Very poor growth. 

Inspissated serum: Scant colorless 
flaky growth; later a minute tuft of pale 
pink aerial mycelium. 

Broth: Moderate flaky growth. 

Synthetic sucrose solution: Poor 
growth, a few flakes on surface, a few 
at bottom. 

Potato plug: Dry, raised, convoluted, 
pink growth with white aerial mycelium 
in one month; dull, pink, brittle surface 
colonies, with paler aerial mycelium 
floating coherently on liquid at base in 2 
months. 

Milk: No change. 

Starch not hydrolyzed. 

Source: From a case of mycetoma of the 
foot in South Africa. 

Habitat: Human infections so far as 
known. 

19. Nocardla mesenterica (Orla-Jen- 
sen) com6. nov. {Microhaclcriam mesen- 
iericum Orla-Jensen, The Lactic Acid 
Bacteria, 1919,181; Proaclinomijces mes- 
enterievs Jensen, Proc. Linnean Soc. 
New So. Wales, 67, 1932, 373.) From 
Greek meaenterium, mesentery. 

Extensive mycelium composed of 
richly branching hypliae of a somewhat 
variable thickness, 0.4 to 0.8 micron; no 
aerial hyphae are seen. With increasing 
age the hyphae divide into fragments of 


varying size and shape, p.irfly diphthe¬ 
roid rods, but no real cocci. There i.^, 
ftfirticularl}' in richer media, a tendency 
to form large, swollen, fusiform to almo.st 
spherical cells, up to 3.5 microns in 
diameter. These may stain intensely 
with carbol fueijsin; when transferred to 
fresh media, they germinate and produce 
a new mycelium. 

Gelatin: Good growth; finely arbores¬ 
cent, cream-colored growth in the stab; 
raised, folded, pab-ycllow, surface 
colony. No litiuefaction. 

Glucose-asparagine-agar: Fair growth, 
narrow, raised, granular, very pale yel¬ 
low, glistening; condensation water clear, 
with small granules. At 30°C only scant 
growth consisting of small irregular white 
granules, growing deeply down into the 
agar. 

Glucose-nutrient-agar: Good growth, 
restricted, with undulate edges, surface 
with high transverse folds, cream- 
colored; the consistency is firm and car¬ 
tilaginous after 2 days, later looser and 
more brittle. Growth at 28“ to 30“C 
rather scant; smooth, soft, glistening, 
cream-colored smear. 

Sabouraud’s agar: Excellent growth, 
spreading, at first flat and smooth, pale 
straw-yellow, perfectly hard and car¬ 
tilaginous, later raised and strongly 
folded, of a loose, curd-like consistency, 
bright lemon-j^ellow. Growth at 28® to 
30®C only fair, restricted, folded, cream- 
colored, soon becoming soft and smeary. 

Potato: Scant growth; restricted, soft, 
cream-colored smear. 

Broth: Good growth; voluminous, 
flaky, whitish sediment; broth clear. 

Milk: At 28® to 30®C, small cream- 

% 

colored granules along the tube; the milk 
undergoes no visible changes within. 4 
weeks. No proteolytic action. 

Indole not formed. 

Sucrose is inverted. 

Starch is hydrolyzed. 

Cellulose is not decomposed. 

Nitrates are reduced to nitrites. 

No growth in o.xygen-free atmosphere. 
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Nitrogen is utilized as sodium nitrate, 
ammonium phosphate and asparagine, 
altliough those are inferior to peptone as 
sources of nitrogen. 

Source; Fermented beets. 

20. Nocardia flava (Krassilnikov) 
comb. nov. (Proaclinomyccs Jlavus Kras¬ 
silnikov, Hull. .\cad. Sci. U. S. S. R., 
No. 1, 1938, 139.) From Latin Jlavus, 
yellow. 

Cells at first filamentous, 0.7 to 0.8 
micron in diameter; after 2 to 3 days 
broken into long rods and then into 
cocci 0.7 micron in diameter. No spores, 
some strains form chlaraydospores. Cell 
multiplication by fission, cross-wall for¬ 
mation, rarely by budding. Cells 
Gram-positive; not acid-fast. 

Gelatin: No liquefaction. 

Synthetic agar colonies: Bright yellow 
or gold color. 

Meat peptone media: Dirty yellow 
pigmentation. 

Agar colonics: Pigment bright yellow 
or gold color on synthetic media, dirty 
yellow on meat peptone media. Pigment 
not soluble in medium. Surface of 
colony somewhat shiny or rough and 
folded, of a dough-like consistency. 

Milk: No peptonization or coagulation. 

Sucrose weakly inverted. 

Starch is hj'drolyzed. 

Does not grow on paraffin and wa.x but 
makes weak growth on fat. 

Habitat: Soil, not common. 

21. Nocardia virldis (Krassilnikov) 
comb. nov. {Proaclinomyces viridis 
Krassilnikov, Bull. Acad. Sci. U. S. S. R., 
No. 1, 1938, 139). From.Latin mridis, 
green. 

Mycelial cells often branching, 0.7 to 
0.8 micron in diameter with cross-w’all; 
after 5 to 7 days the cells break up into 
rods 5 to 15 microns long. Cocci not 
observed. Cells multiply by fission, 
seldom by budding. Spores not formed. 
Cells Gram-positive, not acid-fast. 

Gelatin: No liquefaction. 


(x)lonies colored dark green. Pigment 
not soluble in medium, in water or in 
organic solvents. Surface of colony 
somewhat shiny. On potato, rough, 
much folded, broken up into small col¬ 
onies. 

Milk: No peptonization or coagulation. 
Sucrose readily inverted. 

Starch weakly hydrolyzed. 

Grows well on fats and paraffin and 
less on wax. 

Habitat: Soil. 

22. Nocardia citrea (Krassilnikov) 
comb. nov. {Proaclinomyces citreus 
Krassilnikov, Bull. Acad. Sci. U. S. S. R., 
No. 1, 1938, 139.) From M. L. citreus, 
lemon yellow. 

Mycelium in young cultures consists 
of very fine threads 0.3 to 0.5 micron in 
diameter. After several days the cells 
break up into short rods 0.5 by 1.5 to 5 
microns and into cocci 0.3 to 0.5 micron 
in diameter. Multiplies by fission and 
bud formation; spores not formed. Cells 
not acid-fast. 

Gelatin: Liquefaction. 

CJolonies: Yellow-green, usually rough 

and folded. 

Milk: Coagulation and peptonization. 
Sucrose is inverted. 

Starch is hydrolyzed. 

Weak growth on fat. No growth on 

paraffin or wax. 

Habitat: Soil and water. 

23. Nocardia madurae (Vincent) 
Blanchard. {Streplothnx madurae Vm- 

cent, Ann. Inst. Past., 8, 

Blanchard, Bouchard’s Trait6 de Path- 
G5n., e, 1896, 868; Oospora madurae 
Lehmann and Neumann, Bakt. Diag.» 

1 Aufl., S, 1896,388; Aclinomyces madurae 
Lachner-Sandoval, Ueber StrahlenpiUe, 

1898, 64; Cladolhrix madurae 
Traits Pratique de Bact., 4th.ed-, » 
1090; Discomyces madurae Ge oe s » 
Champ. Paras. Homme et ^mma^ 
Paris. 1902.169.) Named for the disc 
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Madura foot, with which this organism 
is associated. 

Oospora indica Ivanthack (Ivanthack, 
Jour. Path, and Pact., 1, 1893, 140; No- 
cardia indica Chalmers and Christo- 
pherson, Ann. Trop. Med. and Parasit., 
10, 1916, 231; Discomijces indicus Neveu- 
Lemaire, Precis de Parasitol. Hum., 
5th ed., 1921, 42; .-Ich'/iomi/ccs indicus 
Brumpt, Precis de Parasitol., Paris, 
4th ed., 1927, 1196) is regarded by some 
authors as identical with Nocardia 
madurae Blanchard. If this is estab¬ 
lished, then the correct name of the 
organism is Nocardia indica (Kanthack) 
Chalmers and Christopherson. 

The species described under the name 
Actinomyces madurae in previous editions 
of Bergey’s Manual is definitely not the 
true causative agent of the disease and is 
probably a contaminant carried as a cul¬ 
ture of this species. 

Morphology in tissues, growth in form 
of granules consisting of radiating 
actinomycosis. In cultures, initial 
branched mycelium fragmenting into 
rod-shaped and coccoid bodies. No 
aerial mycelium or spores. Not acid- 
fast. 

Gelatin: Growth scant, whitish; no 
liquefaction. 

Gelatin colonies: Round, glistening, at 
first white, then buff to rose or crimson. 
Pigment production is irregular and un¬ 
predictable. Occasionally red soluble 
pigment is produced. Growth eventu¬ 
ally wrinkled. No aerial mycelium. 

Potato: Wrinkled friable growth; buff- 
colored, sometimes red. 

Broth: Growth as a floccular sediment. 

Milk: No change, or slight slow pep¬ 
tonization. 

Diastatic (?) action. 

Not pathogenic for the usual laboratory 
animals; pathogenic for monkeys (Mus- 
grave and Clegg, Philippine Jour. Sci., 
Ser. B., Med. Sci., S, 1908, 470). 

Habitat: Cause of some cases of Madura 
foot. 


24. Nocardia lutea (Jhristoplierson and 
.Archibald. (Christopherson and Archi¬ 
bald, Lancet, 2, 1918, 847; Actinomyces 
luleus Brumpt, Prdcis de Parasitol., 
Paris, 4th ed., 1927, 1206.) From Latin 
luleus, yellow. 

Description from Erikson (Med. Res. 
Council Spec. Kept. Ser. 203, 1935, 30). 

Initial elements swollen and seg¬ 
mented, giving rise to irregular spreading 
polymorphous colonies composed of cells 
of all shapes and sizes with markedly 
granular contents. Later more mono¬ 
morphous, the filaments being arranged 
in angular apposition. Sometimes (e.g., 
on synthetic glycerol agar) the segments 
are so granular as to appear banded. On 
potato agar, small filamentous colonies 
are formed with irregular angular branch¬ 
ing and bear a few isolated short straight 
aerial hyphae. 

Gelatin: Pale pink wrinkled growth on 
wall of tube and colorless punctiform and 
stellate colonies in medium; no liquefac¬ 
tion. 

Agar: Abundant, coherent, moist, pink 
membranous growth with round discrete 
colonies at margin; after 3 weeks colorless 
fringed margin, round confluent portion. 

Glucose agar: Scant reddish smeary 
growth. 

Glycerol agar; Yellowish-pink, 
wrinkled membrane. 

Potato agar: Coherent pink moist 
growth, centrally embedded with small 
round discrete colonies at margin. 

Dorset’s egg medium: Poor growth, 
dull pink, spreading. 

Serum agar: Confluent granular pink 
membrane. 

Broth: Pink flakes and surface growth. 

Inspissated serum: Raised convoluted 
pink mass; becoming orange, much 
wrinkled, scalloped margin. 

Synthetic sucrose solution: Red 
granules and abundant minute colorless 
colonies at bottom; in 2 weeks a colorless 
dust-like surface pellicle. 

Glucose broth: Abundant, pinkish 
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flaky surface growth, breaking up easily 
and sinking to bottom. 

Litmus milk: Orange-red surface and 
bottom growtii, liquid blue. 

Potato plug; Carrot-red, moist, thick, 
granular growth in bands, partly raised 
and with discrete round colonies; sparse 
colorless very thin aerial mycelium at 
top of slant in 2 months. 

Source; From actinomycosis of the 
lachrymal gland. 

25. Nocardia blackwellii (Erikson) 
comb. nov. {Acdno/nyces blackwellii JLrik- 
son, Med. Res. Counc. Spec. Rept. Scr. 
203, 1035, 37.) 

Description from Erikson (loc. cil., 
p. 32). 

Initial elements short, rod-like, grow¬ 
ing out into longer forms sparsely branch¬ 
ing; small radiating colonies are produced 
with short straight aerial mycelium, 
frequently large round or ovoid cells are 
interposed in the irregularly segmented 
chains of cells, being sometimes isolated 
in company with 2 or 3 short filaments 
and sometimes terminal. 

Gelatin: Few colorless minute colonies 
along line of inoculation; after 30 days 
abundant colorless colonics to 10 mm be¬ 
low surface, larger pink-yellow surface 
colonics with white aerial mycelium; no 
liquefaction. 

Agar: Confluent wrinkled growth with 
small, round, pinkish, discrete colonies 
at margin. 

\ Glucose agar: Abundant, pale pink 
growth, small conical colonies, piled up, 
convoluted. 

Glycerol agar: E.xtensive, granular, ir¬ 
regular, thin, pinkish growth; after 40 
days, a few discrete colonies with de¬ 
pressed margins, center piled up, pink. 

Serum agar: Smooth, cream, umbili- 
cated colonies, wuth submerged growth 
extending into medium in scallops 5 to 8 
mm deep; a pale pink mass in 2 weeks. 

Potato agar: Small, round, colorless 
colonies covered with white aerial my¬ 
celium; after 2 weeks colonies dull pink, 


submerged margins, few aerial spikes, 
moderate aerial mycelium at top of 
slant. 

Broth: Flakes, later innumerable 
minute colonics, some adhering to wall 
just above liquid level. 

Synthetic sucrose solution: Delicate, 
round, wliite colonies; later abundant 
minute colonies in suspension, thick 
cream pellicle on surface and pink 
grains in sediment. 

Milk: Heavy convoluted bright yellow 
surface pellicle, no coagulation. 

Litmus milk: Yellow surface growth, 
milky sediment, liquid unchanged. 

Carrot plug: Small, round, smooth, 
cream-colored elevated colonies in 10 
days; sparse stiff colorless aerial spikes 
in 16 days; abundantly piled up, con¬ 
voluted, ochreous growth in 25 days. 

Source: From hock joint of foal. 

26. Nocardia cuniculi Snijders. 
(Snijders, Gencesk. Tijdsch. Med. * 
64, 1924, 47 and 75; Actino7nyces cuniculi 
Erikson, Mod. Res. Council Spec. Kept. 
Ser. 203, 1935, 32; not Actinomyces 
cuniculi Gasperini, Cent. f. Bakt., / » 
1894, 6S4; Actinomyces sumatrae Erikson, 
loc. cil., 32.) From Latin cuntculus, 
rabbit. 

Description taken from Erikson ( oc. 
c:L,p. 31). 

Large swollen cells give rise to ranu y 
ing filaments or to small chains of short 
thick segments which branch out m o 
more regular hyphae; sometimes the ir 
regular elements are beset with spiny 
processes before giving rise to typi^ 
long branching filaments; later the pi® 
ture becomes more monomorphous an 
short straight aerial hyphae are borne, 
which presently exhibit irregular seg¬ 
mentation. . 

Gelatin: Few flakes. No liquefaction. 

Agar: Small, round, elevated, cream- 
colored colonies, umbilicated and radially 

wrinkled. . . 

Glucose agar: Minute, colorless colon- 
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ic8; becoming dull pink, partly confluent 
and piled up, few stifT pink aerial spikes. 

Glycerol agar: Small round elevated 
cream-colored colonics, margins de¬ 
pressed; becoming smooth, discrete, 
yellowish. 

Dorset’s egg medium; Scant pinkish 
smeary growth. 

Serum agar: Small, raised, cream- 
colored colonies, becoming confluent and 
piled up. 

Inspissated serum: Thick, colorless, 
ribbed membrane; no liquefaction. 

Broth: Small and larger crcam-colorcd, 
scale-like surface colonies, abundant, 
flocculent bottom growth. 

Synthetic sucrose solution; Thin sur¬ 
face pellicle, small colorless flakes, 
minute particles at bottom, scant growth. 

Milk: Heavy yellow growth attached to 
walls; solid coagulum in 1 month. 

Litmus milk: Yellow surface growth, 
liquid unchanged. 

Potato plug; Coral-pink, dry, granular 
growth, covered to a considerable e.xtent 
with white aerial mycelium, piled up in 
center, discrete colonies at margin, pink 
surface pellicle on liquid and colorless 
colonies at base. 

Source: Infected rabbits. 

27. Nocardla rangoonensls (Erikson) 
comb. noi». {Actinomyces rangoon Erik¬ 
son, Med. Res. Council Spec. Rept. Ser. 
203, 1935, 37.) 

Description from Erikson {loc. cit., 
p. 33). 

Swollen round initial cells, giving rise 
to branching hyphae which segment and 
present slipping and angular arrange¬ 
ment; few short straight aerial hyphae, 
which later develop into a profusely 
branching long waving aerial mycelium. 

Non-acid-fast. 

Gelatin: Abundant minute colonies in 
depths and larger cream-colored ones on 
surface with white aerial mycelium; 
brown pigment surrounding growth. No 
^quefaction. 

Agar colonies: Round, lobatc, umbili- 


cated, raised up, crean»-colored to pale 
pink; later, medium discolored diirk 
brown, colonics colorless. 

Glucose agar: Convoluted, coherent, 
cream-colored growth, medium dis¬ 
colored. .\fter 23 days, wrinkled, bis¬ 
cuit-colored growth, colorless Jiiargin, 
border white aerial mycelium, medium 
dark brown. 

Glycerol agar; Dull, mealy, pink, 
wrinkled growth, scant white aerial myce¬ 
lium at top, medium slightly discolored. 

Coon’s agar: Minute colorless colonies 
in streaks. 

Potato agar: Small, round, lemon- 
colored colonies, partly confluent, with 
white aerial mycelium; later medium dis¬ 
colored light brown; submerged growth 
greenish. 

Dorset’s egg medium : Extensive color¬ 
less growth, pale pink aerial mycelium in 
center; later covered with a powdery 
pinkish-while aerial mycelium. 

Serum agar colonies; Irregular, small, 
elevated, cream-colored, frequently um- 
bilicatcd. 

Inspissated scrum: Poor growth, small 
piled up pink mass. 

Broth: Abundant colorlcs.s growth, 
flocculent mass at bottom and pellicle 
at surface, medium slightly discolored. 

Synthetic sucrose solution : Small white 
colonics with pinkish tinge on surface, 
lesser bottom growth. 

Milk: Coagulation, yellow surface ring, 
becoming partly peptonized, liquid dis¬ 
colored dark brown, brownish growth up 
side of tube. 

Litmus milk: Colorless growth, liquid 
partly decclorizcd; coagulation; later 
partly digested. 

Carrot plug: Small round colorless 
colonics, velvety white aerial mycelium; 
in 2 month.s, piled up pink granular mass 
with varied prominences, marginal zone 
white aerial mycelium and thin all-over 
central aerial mycelium. 

Source: Human pulmonary case of 
streptothricosis. 
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Habitat: Human infections so far as 
known. 

28. Nocardia caviae Snijders. 
(Snidjers, Geneesk. Tijdschr. Ned. Ind., 
@4, 1924, 47 and 75; Actinomyces caviae 
Erikson, Med. Res. Council Spec. Kept. 
Ser. 203, 1935, 37.) From the generic 
name of the guinea pig. 

Description from Erikson {loc. cit., 
p. 32). 

Initial segmentation, producing ele¬ 
ments of approximately even thickness 
arranged in angular apposition, and later 
long profusely ramifying threads with 
strongly refractile protoplasm. Aerial 
mycelium straight and branching, the 
aerial hyphae with occasional coiled tips 
divided into cylindrical conidia. 

Gelatin: A few colorless flakes. No 
liquefaction. 

Glucose agar: Piled up, convoluted, 
cream-colored to pale pink growth, white 
aerial mycelium. 

Glycerol agar: Scanty growth. 

Coon's agar: Colorless scant growth, 
partly submerged, white aerial mycelium. 

Potato agar: Colorless spreading growth 
with dense white aerial mycelium. 

Dorset’s egg medium: Heavily corru¬ 
gated pale pink growth with submerged 
margin, dense white aerial mycelium in 
center; after 3 weeks, colorless transpired 
drops. 

Serum agar: Pale pink wrinkled 
growth, partly submerged; after 4 weeks, 
piled up with scant white aerial myce¬ 
lium, medium discolored reddish-brown. 

Inspissated serum: Pale pink raised 
growth, coiled, white aerial mycelium. 

Broth: Cream-colored wrinkled surface 
pellicle extending up wall and breaking 
easily, moderate bottom growth, flaky, 
medium discolored. 

Synthetic sucrose solution: Round 
white colonies in suspension and attached 
to one side of tube, pink surface colonies 
with white aerial mycelium. 

Milk: Colorless surface growth, white 
aerial mycelium; coagulation. 


Litmus milk: Liquid blue, surface 
grow'th; after 1 month, white aerial my¬ 
celium, colorless sediment, liquid still 
blue. 

Potato plug: Small colorless colonies, 
white powdery aerial mycelium; later 
abundant raised pale pink confluent 
growth, discolored plug; after 2 months, 
raised buckled pink colonies with white 
aerial mycelium floating on liquid at base. 

Source; Infected guinea pigs, Sumatra. 

29. Nocardia actinomorpha {Gray and 
Thornton) comb. nov. (Mycobacterium 
aclinomorphum Gray and Thornton, Cent, 
f. Bakt., II Abt., 73, 1928, 88; Actino¬ 
myces actinomorphus Bergey et al., 
Manual, 3rd ed., 1930, 471; Proactino- 
myces aciinomorphus Jensen, Proc. Lin- 
nean Soc. New So. Wales, 66, 1931, 363.) 
From Greek ac^is, ray and Latin morpha, 
shape, form. 

Description from Gray and Thornton 
(loc. cii.), Jensen (loc. cii.), and Bynw 
(Thesis, McGill University, Montreal, 

Long branching filaments and rods. U* 
to 0.8 by up to 10 microns. In older cul¬ 
tures rods 2 to 3 microns long generally 
predominate. On some media exten- 

tively branching hyphae occur. Rea ly 

stained. Not acid-fast. Gram-positive. 

Gelatin colonies; After 12 days, round, 
saucer-like, white, raised rim, edges 
burred. Liquefaction. Deep colonies: 

Burrs. 

Gelatin stab: After 8 to 14 days, sac¬ 
cate liquefaction, 5 to 8 mm. 

Agar colonies: After II days, round, 
mm in diameter, convex, white, granu 
or resinous; long arborescent process 
from the edge. Deep colonies: Arbores¬ 
cent burrs; processes about equa 

diameter of colony. 

Agar slant: Filiform, raised to convex, 
white, rugose, dull; edge undulate, with 
strong tufted projections below surfa e^ 

Broth: Turbid, or clear w.th white 

scum. 



FAMILY ACTINOMYCETACEAE 


913 


Dorset’s egg medium; After 2 weeks, 
raised, dry, smooth, salmon-buff growth. 

Loeffler’s medium: After 2 days, 
smooth, moist, warty, salmon-colored 
growth. 

Litmus milk: Alkaline after o to 7 days. 

Glycerol potato: After 2 days, dry, 
wrinkled, pink to orange growth. 

Nitrites arc produced from nitrates. 

No acid from glucose, lactose, sucrose 
or glyceiol. 

Phenol and naphthalene are utilized. 

Optimum temperature 25® to 30®C. 

Optimum pH 7.8 to 8.5. 

Distinctive characlei-s: DifTcrs from 
Nocardia codiuca in saccate liquefaction 
of gelatin. Long rods and filaments. 

Source: A few strains have been iso¬ 
lated from soil in Great Britain and 
Australia. 

Habitat: Presumably soil. 

30. Nocardia flavescens (Jensen) 
comb. noo. {Proactinoinyces flavescens 
Jensen, Proc. Linnean Soc. New So. 
Wales, 56, 1931, 361.) From I^tin 
flavescens, becoming golden yellow. 

On media where a firm growth is pro¬ 
duced, the vegetative mycelium appears 
as long, branched, non-septate hyphae, 
0.4 to 0.6 micron thick. In other media, 
as on nutrient agar and potato, septa are 
formed and the mycelium appears in 
preparations as fragments of very vari¬ 
able size, partly resembling, highly 
branched mycobacteria. In several 
cases—for instance, on nutrient agar at 
28° to 30°C, in 5 to 6 weeks old cultures in 
glucose broth, and in glucose NH^ Cl 
solution—short elements assume swollen, 
fusiform to lemon-shaped forms. The 
aerial mycelium consists of fairly long 
hyphae of the same thickness as the 
vegetative hyphae, not very much 
branched, without spirals, often clinging 
together in wisps. A differentiation 
into spores is never visible by direct 
microscopic examination. Neither is 
this the case in stained preparations; 
here the aerial hyphae break up into 


fragments of quite variable length, from 
1.2 to 1.5 up to 10 to 12 microns, showing 
an irregular, granulated staining. 

Cicdalin: Slow liquefaction. 

Sucrose agar: Good growtli. \’egeta- 
tive mycelium superficially spreading, 
much raised and wrinkled, cracking, 
white to cream-colored, of a dry, but loose 
and crumbly, consistency. .Verial my¬ 
celium scant, thin, white. Faint yellow 
soluble pigment after 2 to 3 weeks. 

Glucose agar: Good growlli. Wgeta- 
tive mycelium superficial, wrinkled, 
honey-yellow, of a hard and cartilagin¬ 
ous consistency. Aerial mycelium thin, 
smooth, white. Yellow soluble pigment. 

Nutrient agar: Good growth. Vegeta¬ 
tive mycelium raised and much wrinkled, 
first dirty cream-colored, later dark 
yellowish-gray, of a soft, moist, curd-like 
consistency. No aerial mycelium. No 
pigment. 

Potato: Good to excellent growth. 
Vegetative mycelium much raised and 
wrinkled, first cream-colored, later ycl- 
lowish-brown, soft and smeary. No 
aerial mycelium, no pigment. 

Glucose broth: Rather scant growth. 
Granulated, yellowish sediment; no sur¬ 
face growtli. Broth clear. No pigment. 
No acidity. 

Sucrose is inverted. 

Starch is hydrolyzed. 

CelIulo.se is not decomprsed. 

Nitrates are reduced slightly or not at 
all with various sources of energy. 

Milk: Coagulated and slowly redis¬ 
solved with acid reaction. 

Final reaction in glucose-NhLCI solu¬ 
tion, pH 3.9 to 3.6. 

No growth under anaerobic conditions. 

Habitat: Soil. 

31. Nocardia maculata (Millard and 
Burr) comb. nov. (Aclinornyces macvla- 
ius Millard and Burr, Ann. Appl. Biol., 
IS, 1920, 580; Proaclinomyces maculatua 
Umbreit, Jour. Bact., 38, 1939, 84.) 
From Latin macnlalus, spotted. 

Description taken from Umbreit. 
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Filamentous organisms possessing a 
tough shiny colony which is cartilagin¬ 
ous, rarely producing an aerial mycelium, 
though in certain strains, it may occur 
frequently. Retains the mycelium form 
for long periods. Not acid-fast. 
Gelatin: Liquefaction. 

In the young colony an orange-yellow 
to orange-red intercellular pigment is 
produced on all media, which may or 
may not change to black as the culture 
ages. 

Milk: No digestion. 

Starch is hydrolyzed. 

Does not utilize paraflin. 

Habitat: Soil. 

32. Nocardia rhodnii (Erikson) comb. 
7101’. {Actinomyces rhodnii Erikson, 
Mod. Res. Council Spec. Rept. Ser. 
203, 1035, 37.) Named for the insect 
genus, Rhodnius. 

Description from Erikson {loc. cil., 

p. 29). 

In early stages, the minute colonies are 
composed of hyphal segments arranged in 
angular apposition; the aerial mycelium 
being short and straight. Later the 
growth becomes extensive and spreading, 
made up partly of long, genuinely branch¬ 
ing filaments and partly of short segments 
exhibiting slipping branching, each giving 
rise to aerial hyphae. After 2 weeks the 
angular branching is very marked, deli¬ 
cate spreading herring-bone patterns 
being formed. 

Gelatin: Rapid liquefaction; pale pink 
colonies in superficial pellicle and sedi¬ 
ment. 

Coon’s agar: Colorless pinpoint 
colonies. 

Czapek’s agar: Minute, colorless, round 
colonies. 

Glucose agar: Abundant, coral pink, 
convoluted, piled up growth. 

Glycerol agar: Extensive growth, dull 
pink colonies round and umbilicated, be¬ 
coming piled up and deeper coral; later 
partly submerged. 


Dorset’s egg medium: Salmon-pink, 
granular membrane; later piled up. 

Serum agar: Extensive, reddish, con¬ 
fluent mass, granular, tending to be piled 
up; the medium around the growth shows 
reddish coloration in 2 weeks. 

Inspissated serum: Smooth, round, 
pale pink colonies, centrally depressed 
and irregularly coiled larger mass; no 
liquefaction. 

Broth: Salmon-pink flakes in sediment 
and colonies on surface; after 2 weeks 
abundant growth, discoloration of me¬ 
dium. 

Glucose broth: Thin, pink, superficial 
pellicle, easily breaking up, and small 
flakes in sediment; after 2 weeks abun¬ 
dant growth extending up tube. 

Synthetic sucrose solution: Colorless 
to pink colonies in superficial pellicle, 
and minute round white colonies co¬ 
herent in loosely branching mass m 
sediment. 

Milk: Bright orange growth; medium 

unchanged. , 

Potato agar: Abundant, pink grow , 
piled up, scant stiff white aerial myce¬ 
lium at top of slant. , , • . 

Source: From reduvid bug, Rhodnius 

prolixHS. 


33. Nocardia gardneri (Waksman) 
comb. nov. (Actinomycete, Gardner an^ 

Chain, Brit. Jour. E.xp. Path., W. 19 ' 
123; Proaclinomijces gardnen Waks^, 
in Waksman, Horning, Welsch and Wo^- 
rufT. Soil Sci., 54. 1942. 289.) 

Prof. Gardner who first isolated 


inism. 

iram-positive, branching mycelium. 
Iclatin: Cream-colored surface nns- 
,id liquefaction. Green ‘o ' 

svn soluble pigment gradual y 
3Ugh the liquefied portion, 
lutrient agar* Cream-colored, 
pd, lichenoid growth, soft, 
hery; no aerial mycelium; very 
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growth, with wide, cream-colored edge; 
white to grayish aerial mycelium gradu¬ 
ally covering surface. Keverse of growth 
yellowish; no soluble pigment. 

Glucose-asparagine agar: Aerial myce¬ 
lium develops slowly. 

Tryptone broth: Growth occurs as 
small pellets at the base of the llask; 
later, a thin surface pellicle appears, 
which consists of a branching mycelium. 
Black pigment slowly produced. 

Litmus milk: Unchanged. 

Potato: Baruacle-like, brownish, 

spreading growth; no aerial mycelium. 
Medium brownish around growth. 

Indole not formed. 

No acid from glucose, lactose, maltose, 
mannitol, sucrose and dulcitol. 

Good growth at 25®C. Slow growth at 

37^C. 

Distinctive character: Produces an 
antibiotic substance (proactinomycin) 
upon synthetic and organic media which 
is primarily active against various Gmm- 
positive bacteria. 

Source: Isolated as an air contaminant 
at Oxford, England. 

‘Appendix I: The following species 
probably belong to this genus. Many are 
incompletely described. Some of the 
species listed here may belong in the 
genus Slreptomyces. 

Actinomyces albus acidus Neukirch. 
(Neukirch, Inaug. Diss., Strassburg, 
1902, 50; Actinomyces albus var. acidus 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4t 1934, 9.) From a case of 
keratitis. 

Actinomyces avadi Dodge. {Streplo- 
thrix madurae Koch and Stutzger, Ztschr. 
f. Hyg., 69, 1911, 17; not Streptotkrix 
madurae Vincent, Ann. Inst. Past., 

1894, 129; Dodge, Medical Mycology, 


St. Louis, 1935, 729.) From a Madura 
foot in Egypt, case of Dr. .\vad. 

Actinoinyces bologncsii-chiurcoi (Vuil- 
leinin) Dodge. (Malbrachea bologncsii- 
chiurcoi Vuillemin, in Bolognosi and 
Chiurco, Arohivi di Biol., 1, 1925; Dodge, 
Medical Mycology, St. Louis, 1035, 71)6.) 
From ulcers on the thora.x. 

Aclinotnyces camcli (Mason) Sartory 
and Bailly. (Strcplolhrix cameli Mason, 
Jour. Trop. Med. and Thcrap., 32, 1919, 
34; Oospora cnmcli Sartory, Champ. 
Paras. Homme ct .\nim., 1923, 822; 
Sartory and Bailly, Mycoses Pnlmo- 
naires, 1923,253.) From pseudotubercu¬ 
losis lesions in a camel. 

Actinomyces canis (Rabe) Gasperini. 
(Discomyccs pleurilicus V’achetta, 
Studi e ricordi din. Milano, 18S2; Pleu- 
romyces canis familiaris llivolta, Giornali 
d. Anat. Fisiol. e Patol., 16, IS84, 4; 
Cladothrix canis Rabe, Berlin, tieriirztl. 
Wochnschr., 1888,65;Ciasperini, Ann. 1st. 
d’lg. sper. Univ. Roma, 2, 1892, 222; 
Slreplothrix canis and Actinomyces 
pleuriticus canis familiaris, quoted from 
Gasperini, Cent. f. Bakt., 15, 1894, 
684; Leptolhrix pleuriticus Piana and 
Galli-Vallerio, 1896, quoted from Nan¬ 
nizzi, in Pollacci, Tratt. Micopat. 
Umana, 4. 1934, 37; Nocardia canis 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 255; 
Oospora canis Sartory, Champ. Paras. 
Homme et Anim., 1923, 821.) Rabe iso¬ 
lated this organism in two cases of plileg- 
mon and a case of peritonitis in dogs. 

Actinomyces citrocremeus Nannizzi. 
{Mycobacterimn diphtheriae avium Trin- 
cas, 1907, quoted from Nannizzi, in 
Pollacci, Tratt. Micopat. Umana, 
1934,50; Nannizzi, idem.) From a disease 
in birds. 

Actinomyces dassonvillei Broeq- 
Rousseu. (Broeq-Rousseu, These Sci. 


* The appendix was originally prepared by Prof. S. A. Waksman and Prof. A. T. 
Henrici, May, 1943; it has been developed further by Mrs. Eleanore Heist Ciise, 
Geneva, New York, August, 1945. 
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Nat. Paris, 1007; Kocardia dassonvillei 
Li^gar»l and Landrieu, Ann. d’Occulisti- 
(juc, 40 , 1911, US; Discornyccs dassonvillei 
Brumpt. Precis de Parasitologie, Paris, 
2nd ed., 1013, 970.) Reported from a 
cervical abscess (Brumpt), from a case 
of conjunctivitis (Li^gard and Landrieu), 
and from grain (Pinoy, Bull. Inst. Past., 
1013.023). 

Aclinoinyccs dennatonornus Oxer. 
(Bull. Austral. Jour. Exp. Biol. Med. 
Sci., G, 1929, 301, quoted from Dodge, 
Medical Mycology, St. Louis, 1035, 
710; Oxer, 1030, quoted from Nannizzi, 
in Pollucci, Tratt. Micopat. Umana, 
4, 1934, 51.) From lesions on sheep in 
.\ustralia. 

Actinomyces donnae Dodge. (Slrepto- 
thrix sp. Donna, Ann. Ig. Sperim., 14 , 
1904, 449; Dodge, Medical Mycology, 
St. Louis, 1935, 745.) From sputum in a 
pulmonary infection. 

.IcDnomyccs dori (Beurmann and Gou- 
gerot) Brumpt. (Sporotrichum, Dor, 
Presse M6d., 14, 1006, 234; Sporotrichum 
dori Beurmann and Gougerot, Ann. 
Derm. Syphiligr. IV, 7, 1906, 996; Dis- 
comyces dori Beurmann and Gougerot, 
Les Nouvelles Mycoses, 1909, 59; Rhino- 
cladium dori Neveu-Lcmaire, Precis 
Parasitol., 1C21,84; Oospora dori Sartory, 
Cliamp. Paras. Homme et Anim., 1923, 
770; Brumpt, Precis de Parasitol., 4th 
ed., 1927, 1206; Nocardia dori Vuillemin, 
Encyclopddie Mycologique, Paris, 2, 
1931, 284.) Found in subcutaneous ab* 
scesscs resembling sporotrichosis. 

Actinomyces hominis Berestneff. 
(BercstnefT, Inaug. Diss., Moskow, 1897; 
not Actinomyces hominis Waksman, 
Soil Science, 8, 1919, 120; Nocardia 
hominis Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., W, 1916; 
Discornyccs hominis Brumpt, Precis de 
Parasitol., Paris, 3rd ed., 1922 , 984.) 
From a case of pseudoactinomycosis. 

Actinomyces japonicus Caminiti. 
{Slreptothrix sp. Aoyama and Miyamoto, 
Mitteil. Med. Fak. K. Jap. Univ. Tokio, 
4, 1901, 231; abst. in Cent. f. Bakt., I 


Abt., Orig., 29, 1901, 262; Caminiti, 
Cent. f. Bakt., I Abt., Orig., 44, 190'. 
108; Slrcptothrix japonica Pctruschky, 
in Kolle and Wasserman, llandb. d. 
patli. Mikroorg., 2 Aufl., 5, 1913, 295; 
Discornyccs japonicus Brumpt, Prdcis de 
Parasitol., Paris, 3rd ed., 1922, 981.) 
From a case of actinomycosis of the 
lungs. 

Actinomyces keratolyiica Acton and 
McGuire. (Indian Med. Gaz., 6S, 1930, 
61 and 66, 1931, C5; Proactinomyce', 
keratolylicus, author unknown.) Pro¬ 
duces cracked heels among the ryots of 
India. 

Actinomyces lepromalis de Souza- 
Araujo. (Compt. rend. Soc. Biol., 100, 
1929, 937.) From a leproma, Brazil. 

Actinomyces levyi Dodge. (Acti¬ 
nomyces sp. Levy; Oospora sp. Sartory, 
Champ. Paras. Homme et Anim., 1923, 
827; Dodge, Medical Mycology, St. Louis, 


935, 730 .) From pus. 

Actinomyces micelomac Greco. 
Sireptothrix micelomae argenUnae ^ 
Ireco, in Durante, Segunda Observaci^n 
e Pi6 de Madura o Micetoma cn la Re- 
ublica Argentina, Thesis, Buenos Aires, 
}11; Greco, Origine des Tumeurs. 1916, 
59; Oospora micetomae Sartory, Champ* 
aras. Homme et Anim., 1923 , 783.) 
rom a case of mycetoma pedis. 
Actinomyces minimus (LeCalve an 
lalherbe) Dodge. (Oospora forme de 
ficrosporum (Audouini var. ^^*^*^*^*^1 
odin, Arch, de Parasitol., 2, 1899, » 

richophyton minimum LcCalve an 

lalherbe, Arch, de Parasitol.; 

3orum minimum Castellani an 
halmers, Man. Trop. Med., 3r e » 
)19,993; Dodge, Medical Mycology. • 
ouis, 1935, 728.) From ringworm 0 

arse and dog. ,. 

Actinomyces mucosus Basu. ( a 
[ed. Gaz., 7S. 1943, 577.) From bron- 

rial actinomycosis. . 

Actinomyces neddeni NamyslowsU- 
Ureplothrix sp. zur Nedden, 
lonatsbl. f. Augenheilk., 4^ j 
(2; Namyslowski, Cent, f- B** *» 
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Abt., Orig., 62, 1912, 564.) From a case 
of keratitis. 

Actinomyces nodosus (Beveridge) 
Hagan. {Fusiformis nodosus Beveridge, 
Austral. Council Sci. and Indus. Ues. 
Bui. 140. 1941, 56 pp.; Hagan, The In¬ 
fectious Diseases of Domestic .Animals. 
Ithaca, New York, 1943, 312.) Con¬ 
sidered the primary cause of foot-rot of 
sheep. .Also sec Spirochaela penortha. 

Actinomyces phenotolcrans Workman. 
(In Gammel, Arch. Derm. Syphilol., 
39, 1934, 2S6.) From granuloma in man. 

Actinomyces puntonii Lopez Ortega. 
(Ldpcz Ortega, .\nnali dTgiene, Rome, 
44,1934, 807; Astcroides puntonii Puntoni 
and Leonardi, Boll, e .Atti d. R. Accad. 
Med. di Roma, 61, 1935, 94.) From a 
pulmonary abscess. 

Actinomyces purpurcns Cavara. (Or- 
lofT, Vestnik Ofth., 39, 1912, 653; Cavara, 
Micosi Occ., 1928, 99; not Actinomyces 
purpureus Killian and Fehdr, .Ann. Inst. 
Past., 55, 1935, 620.) From a case of 
keratitis in Russia. 

Actinomyces ribeyro Dodge. [Mongo 
nrtrosporado Ribeyro, Ann. Fac. Med. 
Lima, 3, 1919, I; Dodge, Medical Mycol¬ 
ogy, St. Louis, 1935,735.) From a gener¬ 
alized infection on the arms, legs and 
chest of a patient in Peru. 

Actinomyces rodellae Dodge. [Streplo- 
thrix sp. Rodella, Cent. f. Bakt., I Abt., 
^Ag., 84, 1920, 450; Dodge, Medical 
Mycology, St. Louis, 1935, 734.) From 
abscesses of the tooth and jaw. 

Actinomyces ruler (Kruse) Sanfelice. 
(Un Cladotkrix cromogeno, Ruiz Casabd, 
Cronica medico-quirurgica de la Habana, 
30, No. 13, 1894, 340; see Cent. f. Bakt., 

I Abt., 17, 1895, 466; Streptotkrix rubra 
Kruse, in Fliiggc, Die Mikroorganismen, 

3 Aufi., 2, 1896, 63; Cladothrix rubra 
Mac6, Traits Pratique de Bact., 4th 
ed., 1901, 1097; not Actinomyces ruber 
Krainsky, Cent. f. Bakt., II Abt., 4L 
1914, 662; Sanfelice, Cent. f. Bakt., I 
Abt,, Orig., S6, 1904, 355; Nocardia rubra 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10 , 1916, 265; 


Discomyccs ruber Bnimpt, Prdcis dc 
Parasitol., Paris, 3rd cd., 1022, 981.) 
From .sputum. Some authors consider 
the following synonymous with this 
organism: Strcplolhiix mincacca (Acti- 
nomyces ynineaceus Lachner-Sandoval, 
Ueber Strahlcnpilzc, 1S9S, 65). 

Actinomyces ruhidaureus Lachner- 
Sandoval. (Cladothrix mordord, Thiry, 
.Arch. Physiol. Norm, ct Path., 9, 1897, 
2S3; Lachner-Sandoval, Ueber Strali- 
Icnpilze, Inaug. Diss., Strassburg, 1898, 
66; .4d/«om>/ccs mordord, Thiry, Tliesc, 
Nancy, 19(X), 82, Nocardia mordoi(^, 
Chalmers and Christopherson, .Ann. 
Trop. Med. and Parasit., 10, 1916, 265; 
Nocardia thiryei de Mello and Pais. 
Arq. Hig. Pat. Exot., 6 , 1918, 193; Dis¬ 
comyccs thiryi Brumpt, Prdcis de Para¬ 
sitol., Paris, 3rd ed., 1922, 9S1; Oospora 
mordor(^, Sartory, Champ. Paras- 
Hommo ct Anim., 1923,824; Actinomyces 
thiryi Sartory and Bailly, Mycoses 
Pulmonaires, 1923, 252.) From a case 
showing angiimus cxiulalc witii ederna. 

Actinomyces salvati Langeron. (Lang- 
cron, Bull. Soc. Patii. Exot., 15, 1022, 
526; Fontoynont and S.ilvat, ibid., 596.) 
From generalized nodular lesions in the 
Madagascar rat. 

Actinomyces surloryi Dodge.- (Oo¬ 
spora pulmonalis var. acido-resistant, 
Sartory, Arch. Med. Pharm. Milit., 70, 
1916, 605; Dodge, Medical Mycology, 
St. Louis, 1935, 756.) From a patient 
showing symptoms of pulmonary tuber¬ 
culosis. 

Actinomyces seplicus Mac Neal and 
Blevins. (Jour. Bact., 40, 1945, 605.) 
From human endocarditis. 

Actinomyces serratus Dodge. [Acti¬ 
nomyces asteroides var. serratus Sartory, 
Meyer and Meyer, Ann. Inst. Past., 44, 
1930, 298; also see Compt. rend. Acad. 
Sci. Paris, 18S, 1929, 745; Dodge, Medical 
Mycology, St. Louis, 1935, 745.) From 
a case of actinomycosis of bones with 
yellow grains. 

Actinomyces sommeri Greco. (5^rep/o- 
Ihrix madurae Greco, Primer Caso de 
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Pi4 de Madura o ^licetoina en la Repu- 
blica Argentina, Thesis, Buenos Aires, 
1904; Slreptothrix micelomas argentinae 
a, Greco, in Durante, Segunda Observa- 
cion de de Madura o Micetoma en 
la Republica Argentina, Thesis, Buenos 
Aires, 1911; Greco, Origine des Tumeurs, 
1916, 726; Nocardia micetomae-argenlinae 
Durant, 1911, quoted from Brumpt, 
Precis de Parasitol., Paris, 3rd ed., 1922, 
9S5; Oospora somineri Sartory, Champ. 
Paras. Homme et Anim., 1923, 783.) 
From a case of mycetoma pedis in Argen¬ 
tina. 

Actinomyces lossicus Dodge. 
yiornyces albus var. tossica Rossi, Ann. 
Ig. Sperim., 9, 1905, 693; Oospora alba 
var. toxique, Sartory, Cliamp. Paras. 
Homme et Anim., 1923, 829; Dodge, 
Medical Mycology, St. Louis, 1935, 
719.) From tumors in the abdominal 
cavities of domestic fowl. 

/Icimomyccs urcthridis Brumpt. (Pr»^- 
cis de Parasitol., Paris, 4th ed., 1927, 
1206.) Isolated by Rocek in 1920 from 
cases of prostatitis. 

Actinomyces variabilis Cohn. (Cent, 
f. Bakt., I Abt., Orig., 70, 1913, 301.) 
From pus in the bladder in a case of 
cystitis and from the prostate. 

Asteroides pseudocarneus Puntoni and 
Leonardi. (Boll, e Atti d. R. Accad. 
Med. di Roma, 61, 1935, 93.) 

Bacillus bereslnewi Lepeschkin. 
(Cent. f. Bakt., II Abt., 12 , 1904, 641 
and 13, 1904, 13.) From sputum of a 
pneumonia patient. 

Bacillus (M icrococcusf) havaniensis 
Sternberg. (Sternberg, Manual of Bact., 
1893, 718; Bacterium havaniensis Ches¬ 
ter, Ann. Rept. Del. Col. Agr. Exp. 
Sta., 9. 1897, 116; Serratia havaniensis 
Bergey et al., Manual, 1st ed,, 192.3, 95.) 
From human intestinal canal. 

Cladothrix matrucholi Mendel. (Men¬ 
del, Compt. rend. Soc. Biol., 82, 1919, 
583; Nocardia matrucholi Pettit, 1921, 
quoted from Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4, 1934, 51; 
Oospora matrucholi, quoted from Nan¬ 


nizzi, idem', Actinomyces matrucholi Nan- 
nizzi, idem.) From the roots of a decay¬ 
ing tooth with tumefaction. Species 
dubia. 

Cohnistrepothrix misri Carpano. 
(Riv. di Parassitologia, n. 2, p. 107; 
quoted from Boll. d. Sez. Ital. d. Soc. 
Internat. d. Microbiol., 10, 1938, 62.) 
From human dermatosis in Egypt. 

Discomyces berardinisi Brumpt. 
{Streptothriz sp. de Berardinis, Ann. 
Ottalmol. Lavori Clin. Oculist. Napoli, 
33, 1904, 914; Actinomyces de Berardinis, 
Namyslowski, Cent. f. Bakt., I Abt., 
Orig., 62, 1912, 566; Brumpt. Precis de 
Parasitol., Paris, 3rd ed., 1922, 977, 
Actinomyces bernardinisi Brumpt, ibid., 
4th ed., 1927, 1189; Ni^ardia berardinisi 
Vuiilemin, Encyclopedic Mycologique, 
Paris, 2, 1931, 126.) From a case of 
keratitis. 

Discomyces brasiliensis Lindcnberg. 
(Lindenberg, Rev. med. de S. Paolo, 
1909, No. 18, and Arch, de Parasitol., 
13, 1909, 265; Nocardia brasiliensis 

Pinoy, Bull. Inst. Past., Paris, H, 
1913, 936; Streptothriz brasiliensis Greco, 
Origine des Tumeurs, 1916, 724; Oospora 
brasiliensis Sartorj', Champ. Paras- 
Homme et Anim., 1923, 786; Actinomyce^ 
brasiliensis Gomes, Ann. Palistas i c • 
Cirurg., 14, 1923, 150.) From a case ot 

mycetoma of the leg. According o 
Pinoy and others, idential with Nocardia 


aides. 

icomyces congolensis Baerts. . ’ 

, M^d. Katanga, 2, 1925, 

,ces congolensis Brumpt, P^cis 
arasitol., Paris, 4th ed., 1927, I20b.) 
1 lesions in a case of actinomycosi 

the Belgian Congo. 
scomyces dispar (Vidal) 
rosporon dispar Vidal, 1882, 

,n anemoeon Vidal, 1882 and Spori^ 
um dispar, quoted from Brum^. 
is de Parasitol., Paris, 3rd ed., 19^, 
and from Nannizsi, in ! 

t. Micopat. Umana, 4, 1934, » 

ipt, idem; Aclinomyc^ d,m 
apt, ibid.. 4th ed., 1927, 1M6> 


FAMILY ACTINOMYCETACEAE 


919 


From a case of [)ityriasis. Species 
duhia. 

Discomijces mcxicanus Uoyd and 
Crutchfield. (Boyd and Crutchfield, 
Amer. Jour. Trop. Med., /, 1921, 26S; 
Adtnomj/ccs mexicanus Briimpt, Precis 
de Parasitol., Paris, 4th ed., 1927, 1192; 
Xocardia mcxicatia Ota, Jap. Jour. Derm. 
Urol., 28, 1928.) From a mycetoma of 
the foot. 

Discomyces minutissimus (Burcliardt) 
Brumpt. {Mici'osporon miiialissimum 
Burchardt. in Uhle and Wagn. Pat. Gen., 
1859; Trichothecium sp. J. Xcumann, 
1868; Microsporon gracile Balzer, Ann. 
Derm. Syphiligr., II, 4, 18S3, 681; Sporo- 
trichum minufissimum Saccardo, Sylloge 
Fungorum, 4, 1886, 100; Microsporoidcs 
minutissimvs Neveu-Lemaire, Prt^cis 
Parasitol., 1906; Brumpt, Prdcis de 
Parasitol., 1st ed., 1910, 863; Oospora 
fninutissima Uidet, Oospora et Oosporo¬ 
ses, 1911, 68; Nocardin minvtissima 
Verdun, Prdcis parasitol., 1912; Acti¬ 
nomyces minutissimus Brumpt, ibid., 
4th cd., 1927, 1199.) Ueported as the 
etiological agent of erythrasma. 

Mycobacleriutn alluvialum Bergey et 
al. (Kersten, Cent. f. Bakt., I Abt., 
Orig.,5/, 1909,494; Bergey eta!.. Manual, 

1st ed., 1923, 379.) From soil. 

Mycobacterium convolulum Gray and 
Thornton. (Gray and Thornton, Cent, 
f. Bakt., II Abt., 73, 1928, 87; Actinomy¬ 
ces convolutus Bergey et al., Manual, 3rd 
ed., 1930, 473.) From soil. Resembles 
Nocardia opaca. 

Xocardia arborcscens (Edington) 
Trevisan. {Bacillus arborcscens Eding¬ 
ton, Brit. Med. Jour., June 11, 1887, 
1262; Trevisan, I gencri e le specie delle 
Batteriacee, 1889,9; Actinomyces arbores- 
cens Gasperini, Cent. f. Bakt., 15, 1894, 
684.) From human skin in cases of 
scarlatina. 

Nocardia bahiensis da Silva. (Da 
Silva, Brasil Med., 35,1919, 81 and Mem. 
Inst. Butantan, 7, 1918-1919, 187; Dis¬ 
comyces bahiensis Neveu-Lemaire, Precis 
do Parasitol. Hum., 6th ed., 1921, 44; 


Oospora bahiensis Sartory, Champ. 
Paras. Homme et Anim., 1923, 784; 
Actinomyces bahiensis Brumpt, Precis 
de Parasitol., 4th ed., 1927, 1195.) From 
an actinomycotic mycetoma in Brazil. 

Nocardia bcrcstncffi, Chalmers and 
Christopherson. (Streptothrix cas I, 
II, BercstnefT, Inaug. Diss., Moscow, 
1897; Chalmers and Christopherson, 
.\nn. Trop. Med. and Parasitol., 10, 
1916, 263; Discomyces bercslncjfi Brumpt, 
Pr6cis de Parasitol., Paris, 3rd ed., 1922, 
992; Actinomyces hcreslnefi Sartory and 
Bailly, Mycoses pulmonaires, 1923, 256.) 
From a case of pulmonary pseudotuber¬ 
culosis. 

Nocardia bicolor (Trolldenicr) de Mello 
and Fernandes. {Actinomyces bicolor 
Trolldenier, Ztschr. f. Tiermedizin, 7, 
1903, 81; de Mello and Fernandes, Mem. 
.Asiatic Soc. Bengal, 7, 1919, 106.) 
Found in cerebromoningitis, bronchitis 
and lymphadenitis in a dog. 

Nocardia convoluta Chalmers and 
Christopherson. (Chalmers and Chris¬ 
topherson, .Ann.Trop. Med. and Parasit., 
10, 1916, 257; Discomyces convolutus 
Neveu-Lemaire, Prdcis Parasitol. Hum., 
5th cd., 1921, 44; Oospora cojivoluta 
Sartory, Champ. Paras. Homme et 
.Anim., 1923, 769; Actinomyces convolutus 
Brumpt, Prdcis de Parasitol., Paris, 4th 
cd., 1927, 1195.) From a yellow grain 
mycetoma of the foot in the Sudan. 

Nocardia cylindracea de Kortd. (Do 
Kortd, Ann. Trop. Med. Parasit., 11, 
1918, 205; Discomyces cylindraccus 

Neveu-Lemaire, Prdcis Parasitol. Hum., 
5th ed., 1921, 44; Oospora cylindracea 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 774; Actinomyces cylindra- 
ceus Brumpt, Prdcis de Parasitologie, 
Paris, 4th ed., 1927, 1206.) From an 
infection of the outer ear, resembling 
mycetoma. 

Nocardia enleritidis (Potticn) Castel- 
lani and Chalmers. {Streptothrix enteri- 
tidis Pottien, 1902, according to San- 
fclice. Cent. f. Bakt., I Abt., Orig., 36', 
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1904, 357; Bacillus enteritidis Pottien, 
1902, according to Nannizzi, in Pollacci, 
Tratt. Micopat. Uniana, 4, 1934, 25; 
not Bacillus enterilidis Gaertner, Corre¬ 
spond. d. Allgemein. Artz. Vereins 
Thuringen, 17, 18S8, 573; Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 1913, 
819 ; Oospora erderiiic/is, quoted from Nan¬ 
nizzi, loc. ci7.; Discomyces enteritidis 
Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922,980; Actinomyces enteritidis 
Brumpt, ibid., 4th ed., 1927, 1191.) 
From a case of enteritis. 

Nocardia equi Chalmers and Christo- 
pherson. {Stnptotkrix sp. Dean, Trans. 
Path. Soc. London, 5/, 1900,26; Chalmers 
and Christopherson, Ann. Trop. Med. 
Parasit., W, 1916, 263; Discomeyes equi 
Brumpt, Precis de Parasitologie, 3rd ed., 
\d'22,902-, Actinomyces equi Sartory and 
Bailly, Mycoses Pulmonaires, 1923, 256.) 
From an abscess on the jaw of a horse. 

Nocardia erythrea (Foulerton) Chal¬ 
mers and Christopherson. {Slrepto- 
Ihrix erythrea Foulerton, 1910; Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., 10, 1916, 268.) 

Nocardia foulertoni Chalmers and 
Christopherson. (Streplothrix kominis 
P'oulerton and Jones, Trans. Path. Soc. 
London, 63, 1902,56; Streptolhrix hominis 
I Foulerton, in Allbutt and Uolleston, 
Syst. of Medicine, B, 1906, 302; Nocardia 
hominis Castellani and Chalmers, Man. 
Trop. Med.. 2nd ed., 1913, 819; Oospora 
hominis Ridct, 1911, according to Castel¬ 
lani and Chalmers, idem] Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 263; Discomyces fouler- 
loni Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922, 993; Actinomyces foulertoni 
Brumpt. ibid., 4th ed., 1927,1204.) From 
abscesses of the chest and from sputum. 

Nocardia genesii Frdes. (Fr6es, Do 
mycetoma pedis no Brasil 50, 1930; 
Actinomyces genesii Dodge, Medical 
Mycology, St. Louis, 1935, 761.) From 
a case of Genesio Salles from Bahia. 

Nocardia jollyi Vuillemin. (Vuille- 
min, in Jolly, Rev. Med. de PEst, 4^ 


1920, 42; Discomyces jollyi Brumpt, 
Precis de Parasitol., Paris, 3rd ed., 1922, 
84; Oospora jollyi Sartory, Champ.. 
Paras. Homme et Anim., 1923, 770 
Actinomyces jollyi Brumpt, ibid., 4th 
ed., 1927, 1196.) From a case clinically 
resembling bubonic plague. 

A'^ocardia lasscrei \"erdun. {Nocardia 
sp. Lasserre, These Toulouse, 1904; 
Verdun, Precis Parasitol., 1912; Dis¬ 
comyces lasserrci Neveu-Lemaire, Precis 
Parasitol. Hum., 5th ed., 1921, 43, 
Oospora lasserei Sartory, Champ. Paras. 
Homme et .\nim., \92Z,7dS, Actinomyces 
lasserei Brumpt, Prdcis de Parasitol., 
4th ed., 1927,1206 ) From an ulcerative 
lesion on the pharynx and upper lip- 

Nocardia lingualis (Eisenberg) Chal¬ 
mers and Christopherson. (Zungenbelag- 

Vibrio, Weibel, Cent. f. Bakt., 4, 1^88* 
227; Vi5no lingualis Eisenberg, Bakt. 
Diag., 3 AuH., 1891, 212; Spirilhim 
linguae Sternberg, Man- of Bact., 189 , 
697; Spirosorna lingualis Migula, lO 
Engler and Prantl, Die natiirl. Pflan 
zenfam., I, la, 1895, 31; Streplothrix 

lingualis Bajardi, Cent. f. Bakt., 
Abt., Grig., 35, 19W, 129; Chalmej^ and 
Christopherson, Ann. Trop. Med. an 
Parasit., 10, 1916, 265; not A'ocarrfjo 
lingualis Castellani and Chalmers, ^.n 
Trop. Med., 2nd ed., 1913, 819; Dis¬ 
comyces lingualis Brumpt, 

Parasitol., Paris, 3rd ed., 1922, 9^: 
Actinomyces lingualis Sartory and Bail y, 
Mycoses Pulmonaires, 1923, 252.) 
a deposit on the tongue. Jensen (Proc- 
Linn. Soc. New So. Wales, 59, ^ 

regards this species as closely relate 
Corynebacterium filamentosum. Also se 


ze 205. 

Socardia londinensis (sic) Chaim 
1 Christopherson. 
ninis II, Foulerton, Lancet. /, 1^- 
I; Chalmers and Christopherson, Ann- 
op. Med. and Parasit.. W, ' ' 
scomyces londinensis 
Parasitol., Paris. 3rd ed., 1922, 9W, 
tinomyces londinensis Brumpt. * * 
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4th ed., 1927, 1204.) From cases of 
human actinomycosis. 

Nocardia macro Jipodidarum Fox. 
(Fox, Disease in Captive Wild Mammals 
and Birds, 1923, 570; Aclinornuces macro- 
dipodidarum Dodge, Medical Mycology, 
St. Louis, 1935, 747.) Found in lumpy 
jaw with septicemia ami gasteroenteritis 
of kangaroos. 

Nocardia nicollci Delanoe. (Delanoe, 
.\rch. Inst. Past. Tunis, 17, 192S, 257; 
Actinomyces nicollci Nannizzi, in Pol- 
lacci, Tratt. Micopat. Umana. 4, 1934, 
36.) From a mycetoma of the thigli. 

Nocardia nigra (Castellaiil) Castellani 
and Clialmers. (Slreptolhrix nigra Cas¬ 
tellani, 1913, according to Castellani 
and Chalmers, Man. Trop. Med., 3rd 
ed., 1919, 1032; presumably not Streplo- 
ihrix nigra Rossi Doria, .Vnn. 1st. Ig. 
sper. Univ. Roma, /, 1891,399; Castellani 
and Chalmers, idem.) From black gran¬ 
ules in a case of tonsillar nocardiomyco- 
sis. Usually forms black colonies on 
agar. 

Nocardia panginensis de Mello and 
Fernandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
Actinomyces panginensis Dodge, Medical 
Mycology, St. Louis, 1935, 718.) From 
a dermatosis. 

Nocardia pijperi Castellani and 
Chalmers. (Nocardia sp. Pijper, Folia 
Microbiol., 5, 1917, 50 and Med. Jour. 
So. Africa, 12, 1917, 141; Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 1060; Discomyces pijperi Neveu- 
Lemairc, Prdcis Para.sitol. Hum., 5th 
ed., 1921,44; Actinomyces pijperi Sartory 
and Bailly, Mycoses pulmonaircs, 1923, 
256.) From sputum in a case of chronic 
bronchitis. 

Nocardia pinoyi de Mello and Fernan¬ 
des. (De Mello and Fernandes, Mem. 
Asiatic Soc. Bengal, 7, 1919, 130; Acti¬ 
nomyces pinoyi Dodge, Medical My¬ 
cology, St. Louis, 1935, 723.) From a 
case of erythrasma. 

Nocardia ponceli Verdun. (Verdun, 
Prdcis Parasitol., 1912; Discomyces pon- 


ceii Xeveu-Lemairc, Prdcis Para.sitol. 
Hum., 5lh ed.. 1021, 43; Oospora ponceli 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 77S; Actinomyces ponceli 
Brumpt, Prdcis de Parasit., Paris, 4th 
ed., 1927, 1205.) Isolated by Moorhof, 
Dor and Poncct from a muscular p.scu(lo- 
actinomycosis. Tliis species may be 
synonymous with Nocardia krausci 
(Chester). 

Nocardia puiridogcncs (Vezspremi) de 
Mello and Pais. (Cladolhrix pulrido- 
genes Vez.sprcmi, C’cnt. f. Bakl., I .\l)t., 
44, 1907, 408 and 515; dc Mello and Pai.s, 
Arq. Hig. Pat. Exot., G, 1018, 1S7, Oo¬ 
spora pjdridogenes Sartory, Champ. 
Paras. Homme et Anim., 1923, 823; 
Actinomyces puiridogcncs N'annizzi, in 
Pollacci, Tratt. Micopat. Urnana, 4, 
1934,41.) From greenish pus from gingi¬ 
val ulcers and abscess of the jaw. 

Nocardia repens (Eklund) \’uillcmin. 
(Epidermophyton sp. Lang, 1879; Lepo- 
collarepens Eklund,1883; .4c/iorio« repens 
Gudguen, 1904; Epidermophyton repens' 
all quoted from Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4. 1034; Vuille- 
min, Encyclopedic Mycologiquc, Paris, 
2, 1931, 124; Actinomyces repens Nan¬ 
nizzi, idem.) From the skin in cases of 
psoriasis. 

Nocardia rivierei Verdun. (Slreplo- 
thrix sp. Riviere, Cong. Fram;. Mdd. 
Bordeaux 1895, 2, 1896,1003; Actinomyces 
Sabrazes et Rivieri, Berestnev, Inaug. 
Diss., Moscow, 1897; Verdun, Precis 
Parasitol., 1012; Discomyces rivierei 
Neveu-Lomaire,Precis Parasitol. Hum., 
5th ed., 1921,43; Oospora rivierei Sartory, 
Champ. Paras. Homme et Anim., 1923, 
792; Actinomyces rivierei Brumpt, Precis 
de Parasitol., 4th ed., 1927,1201.) From 
sputum and pus in a bronchopleuropul- 
monary infection followed by multiple 
abscesses. 

NocardiasanfeliceiUed&cUl. (Strepto- 
thrix acido-resistente, Sanfelice, Boll. 
Ist. Sieroterapico Milanese, 2, 1922, 
327; Redaelli, Ist. Sieroterapico Milan¬ 
ese, 7, 1928, 75 and 121; Actinomyces 



922 


MAXUAL OF DETERMIXATIVE BACTERIOLOGY 


sanfelicei Nannizzi, in Pollacci, Tratt. 
Micopat. Umana, 4, 1934, 51.) From 
fatal lesions in a rat. 

Nocardia splenica Gibson. {Gibson, 
1930, quoted from Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4, 1934, 50; 
Aclinotnijces splenica Nannizzi, idem.) 
From a case of splenomegalia. 

Nocardia tenuis Castellani. (Castel- 
lani, Brit. Jour. Derm. Syphilis, 23, 
1911, 341; Discomyccs tenuis Castellani, 
Proc. Roy. Soc. Med., 6 , Derm., 1912, 
23; Cohnistreptothrix tenuis Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., 10, 1916, 273; Actinomyces 
tenuis Dodge, Medical Mycology, St. 
Louis, 1935, 715.) From cases of tricho¬ 
mycosis flava. 

Nocardia valvulae Chalmers and 
Christopherson. {Streplothrix valvulae 
destruens hovis Luginger, Monats. f. 
prakt. Tierheilk., 15, 1904,289; Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., 10, 1916, 263; Oospora 
valvulae destruens bovis Sartory, Champ. 
Paras. Homme et Anim., 1923, 788; 
Actinomyces valvularis Ford, Textb. of 
Bact.. 1927, 211; Actinomyces valvulae 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 51.) From endocarditis 
in cattle. 

Oospora anaerobies Sartory. {Acti¬ 
nomyces sp. Butterfield, Jour. Inf. Dis., 
2, 1905, 421; Sartory, Champ. Parasit. 
Homme et Anim., 1923, 830; Actinomyces 
ajiaerohies Plaut, quoted from Dodge, 
Medical Mycology, St. Louis, 1935, 
717.) From pus from human lung. 

Oospora bronchialis Sartory and Levas- 
seur. (Sartory and Levasseur, 1914, 
quoted from Neveu-Lemaire, Precis 
Parasitol. Hum., 5th ed., 1921, 43; 
Actinomyces bronchialis Sartory, Bull. 
Sci. Pharm., 23, 1916, 12; Discomyces 
bronchialis Neveu-Lemaire, idem.) 
From sputum in a case of pulmonary 

oosporosis. 

Oospora buccalis Roger, Bory and Sar¬ 
tory. (Roger, Bory and Sartory, Bull. 
Mem. Soc. M6d. H6p. Paris, 27, 1909, 


319 and Compt. rend. Soc. Biol., 66 , 
1909, 301; Discomyces buccalis Brumpt, 
Precis de Parasitol., Paris, 1st cd., 1910, 
861, A'oeordia buccalis Castellani and 
Chalmers, Man. Trop. Med., 2nd cd., 
1913, 819; Actinomyces buccalis Sartory 
and Bailly, Mycoses pulmonaires, 1923, 
256.) From a case of creamy stomatitis 

with tonsillar abscess. 

Oospora catarrkalis Sartory and Builly- 
(Sartory and Bailly, These Univ. Stras¬ 
bourg Fac. Pharm., 4) 1921, 57; Dis¬ 
comyces catarrhalis Brumpt, Precis de 
Parasitol., Paris, 3rd ed., 1922 , 984, 
Actinomyces catarrhalis Brumpt, ibid., 


ith ed., 1927, 1195.) From sputum in a 
:asc of pulmonary oosporosis. 

Oospora hominis Ridet. {Streptolkrix 
lominis IV Foulerton, lOOG; Streptothrix 
lominis III Foulerton, 1910; Ridet, 1911, 
iccording to Nannizzi, in Pollacci, Tratt. 
dicopat. Umana, 4, 1934, 9; h'oeardia 
ippcndicis Chalmers and Christopher- 
;on, Ann. Trop. Med. and Parasit., 10, 

[{)\Q,2oQ-, Discomyces appendicis Brumpt, 

:’rdcis de Parasitol., 3rd cd., 1922 , 977, 
■Icfinomyccs appendicis Brumpt, ibi •» 
Ith ed., 1927, 1189.) From a case ot 
ippendicitis and an iliac abscess. 

Oospora lingualis Gudguen. 

I^ompt. rend. Soc. Biol., 64, 1908, > 

Discomyces lingualis Brumpt, Prdcis e 
Parasitol., Paris, 1st ed., 1910, 865 and 
!nd ed., 1913,976; not Discom:jces U"g'‘ 
is Brumpt, ibid., 3rd ed., 19 ’ 

Vocardia lingualis Castellani a 

il^halmers, Man. Trop. Med., 2n ® ' 
1913, 819; not Nocardia lingualis L 
Tiers and Christopherson, Ann. irop. 
Med. and Parasitol., 10, 1916, j 
Discomyces guegueni Brumpt, * * •» 

?d., 1922, 980; '7%., 

Brumpt. ibid., 4th ed., 1927, U91. ^ 

:ardia Ota, J“P- 


lora pulmonatis Roger, 
ory. (Roger, Sartory 

rend. Soc. Biol., 6^. > ^ 

tyces pulmonalis Brumpt, Precu* 
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de Parasitologic, 1st ed., 1910, SCO; 
Nocardia pulmonalis Castelhiiii and 
Chalmers, Man. Trop. Med., 2iul ed., 

1913, 817; Actinomyces pidmonalis Sar- 
tory and Bailly, Mycoses Pulmonaires, 
1923, 256.) From the sputum of a 
patient with pulmonary mycosis. 

Oospora pulmonalis var. chromoyena 
Sartory. (Sartory, 1913; Actinomyces 
pulmonalis var. chromogcnus Nannizzi, 
in Pollacci, Tratt. Micopat. Umanu, 
4) 1934, 39.) From sputum of a patient 
suspected of having pulmonary tubercu¬ 
losis. 

Proaclinomyces albus Krassilnikov. 
(Bull. Acad. Sci., U. S. S. R., No. 1, 
1938, 139.) Cells at first produce my¬ 
celium with frequent branching varying 
in diameter from 0.6 to 1.0 micron. 
Breaks up after 2 or 3 days into rods and 
sometimes later into cocci. Multiply 
by fission, cross-wall formation and 
budding. Does not form spores; cells 
arc Gram-positive and are not acid-fast. 
Colorless growth. Colonies vary in the 
different strains, somewhat rough, folded, 
shiny or dull, of a dough-like consistency. 
Krassilnikov listed several strains of this 
organism, including Proaclinomyces oli- 
gocarbopkilus. 

Proaclinomyces aquosus Turfitt. 
(Jour. Bact., 47, 1944, 400.) From soil. 
Decomposes cholesterol. 

Proaclinomyces cyaneus (Beijerinck) 
Krassilnikov. {Aclinococcus cyaneus 
Beijerinck, Folia microbiol., Delft, 2 , 

1914, 196; Krassilnikov, loc. cil.) Blue ■ 
pigment produced on synthetic media. 
Cells are rod-shaped. 0.7 to 0.8 by 3 to 
7 microns. Branching cell material on 
potato multiplies by means of bud forma¬ 
tion, by fission, and cross-wall formation; 
no true spores formed. 

Proaclinomyces cyaneus-anlibiolicus 
Cause. (Jour. Bact., 61, 1946, 649.) 
From soil. Produces litmocidin, a new 
antibiotic. 

Proaclinomyces moormani Franklin. 
(Ann. Intern. Med., IS, 1940, 1205.) 


From the pus of multiple molar abscesses 
in a dental patient. 

Proaclinomyces paraguayensis Al¬ 
meida. (Mycopath., 3, 1940, 201.) 

From a thoracic mycetoma with heavy, 
dark grains affecting a Canadian patient 
living in the Paraguayan Chaco. 
Sabouraud’s glucose agar: Pseudomem¬ 
branous colony with raised, dark center 
surrounded by a white band, progres¬ 
sively increasing in size, and then by a 
light chocolate area. 

Proaclinomyces rest/ictus Turfitt. 
(Jour. Bact., 47, 1944, 491.) From soil. 
Decomposes cholesterol. 

Proaclinomyces sp. Helzer. Found in 
sputum of tuberculous patient. Patho¬ 
genic for guinea pigs and rabbits. 

Slreplotkrix buccalis Goadby. (My¬ 
cology’ of the Mouth, London, 1903, 200.) 
From the mouth in cases of pyorrhoea. 
Chalmers and Christopherson (Ann. 
Trop. Med. and Parasit., 10, 1916 , 234) 
regard this as a synonym of Nocardia 
liquejaciens. 

Streplothrix jlava Chester. {Acti¬ 
nomyces sp. Bruns, Cent. f. Bakt., 26, 
1899, 11; Chester, Man. Doterm. Bact., 
1901, 362; Nocardia bruni Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 256; Streptolhnx horni- 
nis Bruns, according to Clialmers and 
Christopherson, idem\ Discomyces bruni 
Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922, 992; Actinomyces bruni 
Brumpt, ibid., 4th ed., 1927, 1204; Acti- 
nomyces fiavus Dodge, Medical My¬ 
cology, St. Louis, 1935, 752.) From pus 
from a case of actinomycosis of the ab¬ 
dominal wall. 

Streplothrix fusca Karwacki. (Kar- 
wacki, Compt. rend. Soc. Biol., 66 , 
1911, 180; not Streplothrix fusca Corda, 
Prachtflora europaischer Schimmel- 
bildungen, Leipzig and Dresden, 1839, 
27; Nocardia fusca Castellani and Chal¬ 
mers, Man. Trop. Med., 2nd ed., 1913, 
818; Discomyces fuscus Brumpt, Precis 
de Parasitol., Paris, 3rd ed., 1922, 993; 
Oospora fusca Sartory, Champ. Paras. 
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Homme et Anim., 1923, 809; Actinomyces 
fuscus Sartory and Bailly, Mycoses 
pulmonaires, 1923, 256; not Actinomyces 
Jusca Solmgen and Fol, Cent. f. Bakt., 
II Abt., 40, 1914, 87.) From the sputum 
of a tuberculosis patient. 

Strcptothrix lutcola Foulerton and 
Jones. (Foulerton and Jones, Trans. 
Path. Soc. London, 55, 1902, 75; also see 
Foulerton, Lancet, /, 1905, 1200 and /, 
1906, 970; Nocardia luieola Castellani 
and Chalmers, Man. Trop. Med., 2nd 
ed., 1913, 818; Discomyces luteolns 

Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922, 081; Oospora luteola 
Sartory, Champ. Paras. Homme et 
Anim., 1923, 812; Actinomyces luteolus 
Ford, Textb. of Bact., 1927, 213.) From 
a lung infection, from a case of conjunc¬ 
tivitis, and from a dental abscess. 

Slreptothrix madurae Solari. (Solari, 
Scmana Mdd., 24, 1917, 573; not Slrepto¬ 
thrix madurae Vincent, Ann. Inst. Past., 
8 , 1894, 129; not Strcptothrix madurae 


Koch and Stutzger, Ztschr. f. Hyg., 
69, 1911, 17.) From Madura foot. See 
Actinomyces avadi. 

Strcptothrix muris-ratii Schottmiiller. 
(Schottmuller, Derm. Wochnschr., 68 , 
1914, 77; A’oeardia muris de Mello and 
Pais, Arq. Hig. Pat. Exot., 6 , 1918, 
183; Actinomyces muris-rafti Nannizzi, 
in Pollacci, Tratt. Micopat. Umana, 
4, 1934, 51.) From sodoku or rat-bite 
fever. 

Strcptothrix larozzii Miescher. (Acti- 
nomyces albus Tarozzi, Archivio Sci. 
Med., S3, 1909, 553; Miescher, Arch. 
Derm. Syphilis, 124, 1917,297; Actinomy¬ 
ces larozzii Dodge, Medical Mycology, 
St. Louis, 1935, 735.) From a case of 
Madura foot. 

Strcptothrix verrucosa (Adler) Miescher. 
{Actinomyces verrucosus Adler, 1904, sec 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 1934, 46; Miescher, Arch. 
Derm. Syphilis, m, 1917, 314.) From 
mycetoma pc<lis. 



FAMILY ACTINO^^YCETACEAE 


925 


Genus II. Actinomyces Harz. 

(Harz, in Bollinger, Centbl. f. mod. Wisscnseh., 15, 1S77, -185; Harz, Jahresber. <1. 
Miinch. Thierarzneischule for 1877-78, 1879, 125; not Actinomycc Meycn, Linnaca, 
2, 1827, 442; jDiscom^ces Rivolta, Clinica Veter., Milano, 1 , 1878, 20S; Actinocladotkrix 
Afanasiev, St. Petersb. mod. Wclinscbr., 4, 1SS7, 323; Micromijccs Gruber, Cent. f. 
Bakt., 10, 1891, 648; not Micromyccs Dangeard, Le Botaniste, I, 18S8, 55; Actino- 
6 ac(erium Haas, Cent. f. Bakt., I Abt., Orig., 40, 1906, 180; Carteria and Carterii 
Musgrave, Clegg and Polk, Philippine Jour. Sci., Ser. B, Med. Sci., 3, 1908, 470; 
Cohnistreptothnx Pinoy (in part), 1911, see Pinoy, Bull. Inst. Past., //, 1913, 929; 
Anaeromyces Castellani, Douglas and Thomson, Jour. Trop. Med. Hyg., 24, 1921, 
149; Brei'islreplolhrix Ligniercs, Ann. Parasit. Hum. Comp., 2, 1924, 1.) 

True mycelium produced. The vegetative mycelium fragments into elements of 
irregular size and may e.xhibit angular branching. No conidia produced. Not acid- 
fast. Anaerobic to microaerophilic. Pathogenic for man and animals. 

The type species is Actinomyces bovis Harz. 


Key to the species of genus Actinomyces. 

I. Colonies soft, smooth, uniform, not adherent to medium. No aerial hyphae. 

1. Actinomyces bovis. 

11. Colonies tougher in texture and warted in appearance, adherent to medium. 
Scanty aerial growth of hyphae. 

2. Actinomyces isracH. 


1. Actinomyces bovis Harz. (Harz, 
in Bollinger, Cent. f. mcd. Wissensch., 
15, 1877, 485; Jahrb. d. Miinch. Thier- 
arzeneischule, 1877,781; Discomyces boins 
Rivolta, La clinica Veterinaria, 1 , 1878, 
169 or 208; Bacterium actinocladotkrix 
Afanasiev, St. Petersburger Med. 
Wochnschr., IS, 1888, 84; Nocardia ac- 
tinomyces Trevisan, I generi e le specie 
delle Batteriacee, Milan, 1889, 9 \Strepto- 
trix aclinomyces Rossi Doria, Ann. d. 
1st. d*Igi. Sper., Uuiv. di Roma, /, 1891, 
425; Claduthrix bovis Mac6, Traitfi de 
Bact., 2nd ed., 1891, 666; Oospora bovis 
Sauvageau and Radais, Ann. Inst. Past., 
Paris, 6 , 1892, 271; Actinomyces bovis 
sulpkareus Gasperini, Cent. f. Bakt., 16, 
1894, 684; Nocardia buns Blanchard, 
in Bouchard, Traits de Path. Gdn^rale, 
2, 1896 , 857; Actinomyces sulphurevs 
Gasperini, Atti Soc. Tosc. Scienz. Nat., 
P* V., 11 , 1896; Cladothrix actinomyces 
Mac6, TraiU de Bact., 3rd ed., 1897, 
1038; Streptothrix actinomycotica Fouler- 
ton, lancet, 2, 1899, 780; Streptothrix 
bovis communis Foulerton, Jour. Comp. 
Path, and Therap., 14, 1901, 60; Slreplo- 


thrix bovis Chester, .Man. Determ 
Bact., 1901, 361, Streptothrix sulphurea 
Caminiti, Cent. f. Bakt., I Abt., Orig., 
44, 1907, 197; Sphacrolilus bovis Engler, 
Syllabus der Pflanzenfam., 5 Aufl., 
1907, 5; Nocardia sulphurea Vuillemin, 
Encyclopedic Mycologique, Paris, 2, 
1931, 129; Proaclinomyces bovis Henrici, 
Biology of Bact., 2nd ed., 1939, 4C9.) 
From Latin bovis, of the ox. 

Synonyms previous to 1919 as given by 
Breed and Conn, Jour. Bact., 4, 1919, 
596. 

Probable synonym: Brevistreptolhvix 
spitzi Lignidres, Annales de Parasit., 2, 
1924, 2 {Streptothrix spitzi Lignidres and 
Spitz, Cent. f. Bakt., I Abt., Orig., 55, 
1904, 453; Aclinobacterium isreali var. 
spitzi Sampietro, Ann. Igienc, 18, 1998, 
391; Discomyces spitzi Brumpt, Precis 
de Parasitol., Paris, 1st ed., 1910, 8-17; 
Actinomyces spitzi Lieske, Morphol. u. 
Biol. d. Strahienpilzc, Leipzig, 1921, 
32; Oospora spitzi Sartory, Champ. 
Paras. Homme et Anim., 1923, 775). 
Found in mycosis of the upper jaw of 
oxen in Argentina. 
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Description from Erikson, Med. Res. 
Council, London, Special Report Ser. 
240, 1940, 63 pp. 

No aerial hyphae. Radiate, sulfur- 
colored granules occur in the pus found in 
cases of actinomycosis. Large club- 
shaped hyphae are seen in morbid tissues. 
Gram-positive. Non-motilc. Not acid- 
fast. 

Mycelium: Undergoes fragmentation 
very rapidly, extensive branching is rare. 
Hyphae less than 1 micron in diameter. 

Colonics: Smoother and softer in con¬ 
sistency, and more uniform than in the 
following species. Tl»e colonies are not 
adherent to the medium and growth is 
scantier. 

Semi-solid media: Excellent growth, 
especially with paraffin seal. 

Gelatin: Occasionally scant, (laky 
growth. No liquefaction. 

Liquid media: Occasional turbidity 
with a light flocculcnt growth. 

.\cid from glucose, sucrose and maltose. 
No acid from salicin and mannitol. 

Pigments: No soluble pigments pro¬ 
duced on protein media. No insoluble 
pigments produced by growth. 

Egg or serum media: No proteolytic 
action. 

Litmus milk: Becomes acid but usually 
no coagulation, no peptonization. Some¬ 
times no growth. 

No hemolysis in blood broth or blood 
agar. 

Serology: No cross agglutination be¬ 
tween five bovine strains and human 
strains of Actinomyces Israeli. No cross 
reactions with representative aerobic 
strains. 

Optimum temperature 37^C. 

Anaerobic to microaerophilic. Bovine 
strains are more oxygen-tolerant on egg 
or serum media than strains of human 
origin belonging to the following species. 

As pointed out by Ligni^res and Spitz 
(Bull. Soc. cent. M6d. vet., 20, 1902, 487 
and 546) and others, distinction should be 
made between the infections produced by 
Actinomyces boots and those produced by 


the Gram-negative Aciinohacillus now 
known as Aciinobacillus lignieresi. 
These infections frequently occur in 
mixed form and arc also frequently com¬ 
plicated by the presence of pyogenic 
cocci (Magnussen, Acta path. Microbiol. 
Scand., 5, 1928, 170; and others). 

Source: Originally found in lumpy jaw 
of cattle. 

Habitat: Frequently found in and 
about mouth of cattle and probably other 
animals. Lesions may also be produced 
in the liver, udder or other organs of 
cattle and hogs. Possibly also in human 
mouth (Naeslund, Acta path. Microbiol. 
Scand., 2, 1925, 110). 


This and the following species are 
sometimes regarded as being identical 
(see Emmons, Public Health Repts., 
U.S.P.H.S., 55, 1935, 1967; Rosebury, 
Bact. Rev., 8 , 1944, 190; and others). 


2. Actinomyces Israeli (Kruse) 
Lachner-Sandoval. (Strahlenpilz, Wolff 
ind Israel, Arch. f. path. Anat., 126, 
[891, 11; Sireptoihrix israeli Kruse, m 
Hiigge, Die Mikroorganismen, 3 Aufl-t 
?, 1896, 56; Actinomyces israeli Lachner- 
sandoval, Inaug. Diss., Strassburg, 1898, 
)4; Discomyces israeli Gedoelst, Les 
:hampignons parasites de I’homme e 
les animaux domestiques, 1902, 1 » 

Actinobacterium israeli Sampietro, Ann. 
Pig. sperim., 18, 1908, 331; Coknisirepto 
hrix israeli Pinoy, Bull. Inst. Pasteur, 
Paris, 11, 1913, 931; Nocardia israeli 

Pastellani and Chalmers, Man. rop. 
Med., 2nd ed.. 1913, 814; Anaetomyces 
nonchitica Castellani, Douglas an 
fhomson. Jour. Trop. Med. Hyg-, ^4, 
921 149; Cohnisireptothrix br<mchilte<i 

/evdnn and Mandoul. Precis ParwitoL, 
924 , 754; Brevislreplothrix isracR Lig- 
lidres, Annales de Parasit., 5. 1924, ► 
^roactinomyces israeli Negroni, 

end. Soc. Biol., Paris. 117. 1934, 1^. 

:orynebact€num israeli Haupt and U , 

^enTf. Bakt.. 1 Abt.. Orig.. If. 1^- 

15; Oospora israeli, quoted from Nsnmsn, 
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Tratt. Micopat. Umana, 4, 1934, 53; 
Actinomyces wolff-israel Lentze, Cent. f. 
Bakt., I Abt., Orig., 141 , 1938, 21.) 
Named for Prof. Israel, one of the origi¬ 
nal isolators of this organism. 

Synonyms previous to 1919 essentially 
as given by Breed and Conn, Jour. Bact., 
4,1919. 597. 

Description from Erikson, Med. Res. 
Council, London, Special Kept. Ser. 240, 
1940, 63 pp. 

Erect aerial hyphae produced in an 
atmosphere of reduced oxygen tension. 
These hyphae are occasionally septate 
but no definite spores are formed. One 
micron or more in diameter. Large 
club-shaped forms are seen in morbid 
tissues. Gram-positive. Non-motile. 

Not acid-fast. 

• 

Substrate mycelium: Initially uni¬ 
cellular and the branches may extend 
into the medium in long filaments or 
may, more or less quickly, exhibit frag¬ 
mentation and characteristic angular 
branching. The latter resembles the 
similar phenomenon found in Corynebac- 
terium. 

Colonies: These exhibit a considerable 
degree of polymorphism but no stable 
variants have been established. Tougher 
in texture than those of Actinomyces 
bovis. Old colonies warted in appearance. 
Adherent to the medium. 

Gelatin; Occasionally scant, flaky 
growth. No liquefaction. 

Liquid media: Usually clear. 

Acid from sugars: According to Slack 
(Jour. Bact., 45, 1941, 193-209) acid from 
glucose, maltose, mannitol, sucrose and 
lactose; according to Negroni and Bon- 
figlioli (Physics, 25, 1939, 159) acid from 
glucose, galactose, lactose, fructose, mal¬ 
tose, rafiinose, sucrose and xylose. 

Pigments: No soluble pigments on 
protein media. No insoluble pigments 
produced by growth. 

Egg or serum media: No proteolytic 
action. 

Litmus milk: Becomes acid but usually 


does not clot. No peptonization. Fre¬ 
quently no growth. 

No hemolysis. 

Serology: No cross agglutination be¬ 
tween 12 human strains and bovine 
strains of Actinomyces. No cross reac¬ 
tions with representative aerobic straias. 

Optimum temperature 37*C. 

Anaerobic to microaerophilic. 

Source: From 2 cases of human ac¬ 
tinomycosis : (1) A retromaxillary tumor, 
(2) actinomycosis of lung and breast 
(Wolff and Isreal). 

Habitat: From human sources (mouth, 
tonsillar crypts, etc.). Also reported 
from various domestic animals such as 
dogs (Baudet, Ann. Parasit., 12, 1934, 
296) and cats (Edington, Vet. Record., 
24 , 1934, 311). 

Appendix: The following names have 
beenapplied to anaerobic or semi-anaero¬ 
bic species, with descriptions which do 
not permit clear separation from the 
above or from each other. 

Actinobacterium meyeri Prdvot. (An¬ 
aerobe Streptothrix-.\rt, Meyer, Cent. f. 
Bakt., I Abt., Orig., GO, 1911,75; Prdvot, 
Ann. Inst. Past., GO, 1938, 303.) From 
fetid pus. 

Actinomyces discofoliatus Gruter. 
(Griiter, Ztschr. f. Augenheilk., 25, 
1933, 477; redcscribcd by Negroni, 
Mycopathologia, 2, 1938, 81.) From 
lachrymal concretion and human infec¬ 
tion. 

Actinomyces lanfranckii Sani. (Sani, 
1916, quoted from Dodge, Medical My¬ 
cology, St. Louis, 1935, 731; Nocardia 
lanfranckii de Mello and Pais, Arq. Hig. 
Pat. Exot., G, 1918, 178.) From glandu¬ 
lar and ganglionar actinomycosis of the 
ox. Regarded as a variety of Actinomy¬ 
ces bovis. 

Actinomyces thjoettae Dodge. (Cohni- 
streptothrix sp. or Streptothrix sp. 
Thj 0 tta and Gundersen, Jour. Bact., 10, 
1925, 1; Dodge, Medical Mycology, 1935, 
713.) From the blood in a case of acute 
rheumatism. 
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Cohnistreptoihrix ncschezadimcnki (sic) 
Chalmers and Christopherson. (Line 
Streplolhrix, Xcschczadimenko, Cent. f. 
Bakt., I Abt., Orig., 4^, 1008, 573; 
Chalmers and Christopherson, Ann. 
Trop. Med., 10, 19IG, 273; Actinomyces 
neschczadimcnki Dodge, Medical My¬ 
cology, 1935, 712; Aclinobaclerium ahsces- 
sus Pr6vot, Ann. Inst. Past., 60, 1938, 
303.) From a human infection. 

Discomyces carougeaui Gougerot. 
(Gougerot, Compt. rend. Soc. Biol., 
Paris, 67, 1909, 5S0; Nocardia carougeaui 
Castollani and Chalmers, Man. Trop. 
Med., 2nd ed., 1913, 817; Co/inis/rep/o- 
thrix carugeanui (sic) Chalmers and 
Christopherson, Ann. Trop. Med., W, 
1916, 273; St'‘cplvlhrix carougeaui Greco, 
Origine des Tumeurs, 1916, 724; Actino¬ 
myces carougeaui Brumpt, Prdcis de 
Parasitol., 4th cd., 1927, 1206.) From 
a human infection. 

Discomyces thihiergei Ravaut and 
Pinoy. (Ravaut and Pinoy, Ann. Derm, 
et Syph., 10, 1909, 417; Nocardia thi¬ 
hiergei Castellani and Chalmers, Man. 


Trop. Med., 2nd ed., 1913, 817; Cohni- 
slrepiothrix thihiergei Pinoy, Bull. Inst. 
Past., II, 1913, 938; Oospora thihiergei 
Sartory, Cliampignons Parasites dc 
PHomme et dcs Animau.v, Fasc. 11,1923, 
792; Actinomyces thihiergei Greco, Ori- 
gine des Tumeurs. 1916, 723.) From a 
human infection. 

Streptothrix cuniculi Schmorl. 
(Schmorl, Dcutsch. Ztschr. f. Thiermed., 
17, 1891, 375; Actinomyces cuniculi 

Gasperini, Ann. 1st. Tg. sper. Univ. 
Roma, 2, 1892, 222; Cladothrix cuniculi 
Mac^, Trait(S de Bact., 6th ed., 2 , 1913, 
753; Cohnislreptothriz cuniculi Chalmers 
and Christopherson, Ann. Trop. Med., ^ 
10, 1916, 273; Nocardia cuniculi Froilani 
de Mello and Fernandes, Mem. Asiatic 
Soc. Bengal, 7, 1919,107; Oospora cuniculi, 
Sartory, Champignons parasites de 
I’llomme et des Animau.x, Fasc. 11,1923, 

824.) From infections in rabbits. Gen¬ 
erally regarded as probably identical with 
Spherofhorus necrophorus (Fliigge) 
vot. See page 678. 
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FAMILY III. STREPTOMYCETACE.AE WAIiSMAN AND HENRICI.* 

(Jour. Bact., 40, 1943, 339.) 

Vegetative mycelium not fragmenting into bacillary or coccoid forms. Conidia 
borne on sporophores. Primarily soil forms, sometimes thermophilic in rotting 
manure. A few species are parasitic. 

Key to the genera of family Streptomycetaceae. 

I. Conidia produced in aerial hyphae in chains. 

Genus I. Slrcplomtjces, p. 929. 

II. Conidia produced terminally and singly on short conidiophores. 

Genus II. Micromoiiospora, p. 978. 

Genus I. Streptomyces Waksman and Henrici. 

{Streptuthrix Cohn, Beitr. zur Biol, der PBanzen, 2, Heft 3, 1875, 186; not «S(rep- 
totkrix Cordo, Prachlflora Europaescher Schimmelbildung, 1839; Nocardia 
Wright, Jour. Med. Research, IS, 1905, 349; Nocardia Winslow et al., Jour. Bact., 
2, 1917, 554; not Nocardia Trevisan, I generi e le specie delle Batteriacoe, 1889, 
9; Cohnislreplolhrix (Group I) prskov. Investigations in the Morphology of the Ray 
Fungi. Copenhagen, 1923, 147; not Cohnistreplothrix Pinoy, in Li^gard and Lan- 
drieu. Bull. Soc. Opht., S4, 1911, 253 and Bull. Inst. Past., 11, 1913, 929; Aerolhrix 
Wollenweber (in part), Ber. deut. Bot. Gesel., S9, 1921, 26; Euactinomyces Langeron 
(in part), Nouv. Traits do M4d., 4, 1922; Waksman and Henrici, Jour. Bact., 40, 
1943, 339.) 

Organisms growing in the form of a much-branched mycelium with a typical aerial 
mycelium. Conidiospores formed in chains. Aerobic. Saprophytic soil forms, less 
commonly parasitic on plants or animals. 

This genus can be divided, on the basis of the structure of sporulating hyphae, into 
five groups: 

Group 1. Straight sporulating hyphae, monopodial branching, never producing 

regular spirals. 

Group 2. Spore-bearing hyphae arranged in clusters. 

Group 3. Spiral formation in aerial mycelium; long, open spirals. 

Group 4. Spiral formation in aerial mycelium; short, compact spirals. 

Group 5. Spore-bearing hyphae arranged on mycelium in whorls or tufts. 

The type species is Streptomyces albus (Rossi Doria emend. Krainsky) Waksman 
and Henrici. 

Key to the species of genus Streptomyces. 

I. Saprophytes; psychrophilic to mesophilic. 

A. Soluble pigment on organic media faint brown, golden-yellow, or blue; 
pigment may also be absent entirely. 

1. Pigment absent, or faint brown pigment formed at first and later lost; 

aerial mycelium abundant, white. 

1. Streptomyces albus. 

2. Pigment blue or red, when present. The red (insoluble) phase occurs 

when the reaction is distinctly acid, the blue (soluble) phase 

when it is alkaline. 

2. Streptomyces eoelicolor. 

• Revised by Prof. S. A. Waksman, New Jersey Experiment Station, New Bruns¬ 
wick, New Jersey and Prof. A. T. Henrici, University of Minnesota, Minneapolis, 
Minnesota, May, 1943. 
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3. Pigment at first green becoming brown; aerial mycelium usually 

absent. 

3. Slreplomyces verne. 

4. Pigment yellowish-green; growth on synthetic agar penetrating into 

medium, pink. 

4. Streptomyces califomicus. 

5. Pigment golden-yellow; growth on synthetic agar yellow, with yellow 

soluble pigment. 

5. Streptomyces fiaveolus. 

6 . Pigment brown (only on certain protein media, as gelatin, glucose 

broth). 

a. Grown on synthetic agar red to pink. Scant, white aerial 
mycelium. 

6 . Streptomyces bobiliae. 

aa. Growth on synthetic agar colorless; aerial mycelium thin, 
rose-colored. 

7. Streptomyces roseochromogenus. 

aaa. Growth on synthetic agar mouse-gray; powdery aerial myce¬ 
lium. 


8 . Streptomyces griseolxts. 

aaaa. Growth on synthetic agar white turning yellowish, aerial 
mycelium white. 

9. Streptomyces erythreus. 

B. Soluble yellow pigment on Ca-raalate agar. 

1. Proteolytic action strong in milk and gelatin, 
a. Yellow pigment formed. 

b. Cellulose decomposed; starch is hydrolyzed. 

10. Streptomyces cellulosae. 
bb. Cellulose not decomposed. 

11. Streptomyces parvus. 


2. Proteolytic action weak. 

12. Streptomyces malenconi. 

C. Soluble brown pigment formed on synthetic agar. ♦ 

1. Yellowish-green pigment on potato. 

13. Streptomyces diastaticus 

2. Red-brown pigment on potato plug. 

14. Streptomyces fimicarius. 

D. Greenish-yellow soluble pigment formed; sulfur-yellow pigment on potat( 

15. Streptomyces flavovirens. 

E. Soluble brown pigment formed in all media containing organic substances 

1. Pigment deep browm (chromogenic type). . 

a. Pigment faint brown on organic media, becoming greeni 

brown to black; reddish aerial mycelium on glucose aga ■ 

16. Streptomyces olivochromogenus. 

aa. Aerial mycelium yellowish with gray margin; weak diasta 
action. 

17. Streptomyces diastatochromogenes. 

aaa. Aerial mycelium yellowish; diastatic action weak. 

18. Streptomyces Jlavochrofnogenes. 

aaaa. Aerial mycelium gray; sporophores in clusters; strong y 

biotic. ^ . . 

19. Streptomyces antibioticus. 
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F. 


2. Growth and aerial mycelium green on synthetic agar. 

20. Slreptomyces viridochromogencs. 

3. Deep brown to black pigment on synthetic agar. 

a. Orange-red on potato; no aerial mycelium on syntlictic agar; 
growing feebly. 

21. Slreptomyces purpcochromogenus. 

aa. Brown to black on potato; abundant cottony aerial mycelium 
on synthetic agar. 

b. Brown ring on milk culture; coagulated; peptonized. 

22. Slreptomyces phaeochromogemis. 

bbb. Black ring on milk; no coagulation; peptonization doubt¬ 
ful. 

23. Slreptomyces aureus. 

c*. Red to rose-red pigment on glucose, maltose, and 
starch agar. 

24. Slreptomyces erylhrochromogcnes. 
c*. Lavender-colored aerial mycelium. 

25. Slreptomyces lavendulae. 

c®. Growth on potato gray with black center. 

26. Slreptomyces reticuli. 

Growth on potato cream-colored, becoming pink to 
dark red. 

27. Slreptomyces rubrireliculi. 

Growth on potato greenish-olive. 

d. Aerial mycelium straw-colored. 

28. Slreptomyces flaws. 

dd. Aerial mycelium chrome-orange. 

29. Slreptomyces ruber. 

No soluble pigment formed on gelatin or other media. 

1. Proteolytic action strong in milk and gelatin. 

ah Yellowish-green growth on starch with pinkish aerial mycelium. 

30. Slreptomyces citreus. 

a*. Golden-yellow growth, later becoming orange to red-brown, on 
synthetic media. 

31. Slreptomyces fulvissimus. 

a®. Cream-colored growth on starch media. 

32. Slreptomyces gougeroti. 

R*. Bluish-black color on synthetic media, with white aerial myce¬ 
lium. 

33. Slreptomyces violaceoniger. 

a®. Yellowish pigment on potato. 

b. Aerial mycelium thick, powdery, water-green; starch is hy¬ 
drolyzed. 

34. Slreptomyces griseus. 

bb. Aerial mycelium white; starch weakly hydrolyzed. 

35. Slreptomyces griseoflavus. 

a®. Greenish-black pigment on potato; aerial mycelium white. 

36. Slreptomyces albidoflavus. 

aL Reddish-brown pigment on potato; aerial mycelium white; 

starch is not hydrolyzed. 

37. Slreptomyces poolensis. 
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a®. Gray to sulfur-yellow pigment on potato. 

b. Aerial mycelium mouse-gray to light drab; starch is 
hydrolyzed. 

38. Streptomyces olivaceus. 
bb. Aerial mycelium yellowish-white. 

39. Streptomyces lieskei. 
bbb. No aerial mycelium; starch is hydrolyzed. 

40. Streptomyces microfiavus. 
a®. No soluble pigment on potato. 

41. Streptomyces cacaoi. 

2. Proteolytic action weak. 

a. Soluble pigment formed on synthetic agar, 

b. Pigment blue or blue-black. 

42. Streptomyces novaecaesareae. 
bb. Pigment brown to black. 

43. Streptomyces exfoliatus. 

44. Streptomyces gelaticus. 
aa. No soluble pigment on synthetic agar. 

bh Growth turning black; diastatic action strong. 

c. Growth on synthetic agar scant with abundant 
spirals in aerial mycelium. 

45. Streptomyces rutgersensis. 

cc. No spirals on synthetic agar; characteristic green- 

colored growth on protein-glycerol medium. 
40. Streptomyces lipmanii. 

ccc. No spirals on synthetic agar; growth dark, almost 

black. 

47. Streptomyces halstedii. 
b*. Moist aerial mycelium, many spirals. 

48. Streptomyces kygroscopicus. 


b®. Growth orangc-colored. 

49. Streptomyces fradiae. 

b^. Growth yellowish. 

50. Streptomyces albofiavus. 
b®. Growth rose to red; aerial mycelium white. 

51. Streptomyces albosporeus. 
b". Growth cream-colored; aerial mycelium flaky. 

62. Streptomyces floccutus. 
b®. Growth red; aerial mycelium black. 

c. Complete decomposition of cellulose; 

diastatic. 

63. Streptomyces melanosporeus. 

cc. Incomplete decomposition of cellulose, stron 
diastatic. 

64. Streptomyces melanoeyclus. 


weakly 


3. No proteolytic action or very little. 

a. Acid-resistant strains. 

55. Streptomyces acidophilus. 


aa. Non-acid-resistant. 


56. Streptomyces rubescens. 
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II. Saprophytes; thermophilic. 

A. Starch hydrolyzed. Yellowish growth on potato. 

57. Slrcptoniijccs ihcnnophilus. 

B. Starch not hydrolyzed. Abumlant, dark-colored growth on potato. 

58. Slrtpiomi/ccs Ihermo/uscus. 


III. Plant parasites. 

A. Tyrosinase reaction positive; aerial mycelium gray-white. 

59. Streptornyces scabies. 

B. Tyrosinase reaction negative; attacks sweet potatoes. 

CO. Slreptomyces ipomoea. 

IV. Isolated from animal tissues. In the animal body, hyphac often show clavate 
enlargements at the ends. 

A. Limited proteolytic action in gelatin, milk, coagulated egg-albumin or 

fibrin. 

1. Color of vegetative grow’th golden-browm. 

61. Slreptomyces fordii. 

2. Color of vegetative growth pink. 

a. Sparse white aerial mycelium. 

C2. Slreptomyces africanus. 

aa. Formation on mycelium of bodies similar to Thermoaclinomyces. 

63. Slreptomyces gallicus. 

aaa. Yellowish-pink growth on potato plug; scant white aerial 

mycelium. 

64. Slreptomyces pelletieri. 

3. Color of vegetative growth white. 

65. Slreptomyces listeri. 

4. Vegetative grow'th cream-colored, scant white aerial mycelium. 

66. Slreplotnyces upcoltii. 

6. Growth very limited on various media, except on potato plug; no 

liquefaction of gelatin. 

67. Slreptomyces horloncnsis. 

B. Strong proteolytic action in gelatin and milk. 

1. No pigment produced. 

a^. No growth on potato plug. 

68. Slreptomyces gibsonii. 

a*. Moist, membranous growth on potato plug; diastase formed. 

60. Slreptomyces heddardii. 

70. Slreptomyces kimberi. 

a*. Extensive growth on potato media; white powdery aerial 

mycelium. 

a* Abundant growth on potato plug, becoming black; white-gray 

aerial mycelium; plug discolored. 

71. Slreptomyces somaliensis. 

a*. Pink-colored growth on some media. 

72. Slreptomyces panjae. 

a*. Profuse white aerial mycelium on most media, spiral formation. 

73. Slreptomyces willmorei. 


1. Streptomyces albus (Rossi Doria (5/rcpfofrtx offca Rossi Doria, Ann. dTst. 
«m€nd. Krainsky) WaksmanandHenrici. dTg. sper. di. Univ. di Roma, 7, 1891, 
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399; Cladoihrix alba Mac4, Traits Pra¬ 
tique Bact., 3rd ed., 1897; Actinomyces 
alhus Krainsky, Cent. f. Bakt., II Abt., 
41, 1914,662; Nocardia alba Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 270; Waksman and 
Henrici, Jour. Bact., 4^, 1943, 339.) 
From Latin albus, white. 

Additional synonyms as given by 
Baldacci (Mycopathologia, 2, 1940, 156): 
Cladoihrix dichotoma Mac6, not Cohn, 
1886; Slreptothrix foersteri Gasperini, not 
Cohn, 1890; Slreptothrix No. 2 and 3, 
Almquist, 1890; Actinomyces saprophyti- 
cus Gasperini, 1892; Oospora doriae 
Sauvageau and Radais, 1892; Cladoihrix 
liquefacicns Hesse, 1892 (according to 
Duch4); Cladoihrix invulnerabilis Acosta 
and Grande Rossi, 1893; Actinomyces 
chromogenus Gasperini, 1894 {Strepto- 
Irix nigra Rossi Doria, 1891); Strepto- 
ihrix gedanensis I Scheele and 
Petruschky, 1897; Slreptothrix gramine- 
arum Berestneff, 1898; Actinomyces ther- 
mophilis (Berestneff) Miehe, not Gilbert, 
1898; Cladoihrix odorifera Rullmann, 
1898; Actinomyces chromogenes Gasperini 
alba Lehmann and Neumann, 1899; 
Oospora sp. Bodin, 1899 (according to 
Duchd); Oospora alpha Price-Jones, 1900 
(according to Chalmers and Christopher¬ 
son); Slreptothrix leucea Foulerton, 1902 
(according to Chalmers and Christopher¬ 
son) ; Slreptothrix Candida Petruschky, 
1903; Slreptothrix lalhridii Petruschky, 
1903; Slreptothrix dassonvillei Brocq- 
Rousseau, 1907 (according to Duch^); 
Slreptothrix pyogenes Caminiti, 1907 (ac¬ 
cording to Chalmers and Christopher¬ 
son) ; Slreptothrix sanninii Ciferri, 1922; 
Actinomyces almquisti Duch6, 1934; 
Actinomxjces gougeroii Duch4, 1934. 
Doubtful synonyms: Oospora metchni- 
kowi Sauvageau and Radais, 1892; 
Oospora guignardi Sauvageau and Radais, 
1892; Actinomyces albus Waksman and 
Curtis, 1919; Actinomyces thermodiastat- 
icus Bergey, (1919) 1925. Varieties: 
Actinomyces albus var. acidus Neukirch, 
1902 (according to Nannizzi); Ac^tno- 


myces albus var. ochroleucus Neukirch, 
1902 (according to Wollenweber); Ac¬ 
tinomyces albus var. toxica Rossi, 1905; 
Actinomyces albus var. cretaceus 
(Krliger) Wollenweber, 1920; Actino- 
myces albus var. a Ciferri, 1927. 

More complete information regarding 
these species will be found in the text or 
in the Appendix to Genus Streptomyces. 

The description of this species by 
Rossi Doria is incomplete. The charac¬ 
ters given below are taken from Krainsky 
{loc. cit.) with some supplementary in¬ 
formation from later authors. Other de¬ 
scriptions which may vary from this in 
certain details are given by Waksman and 
Curtis (Soil Sci., 1, 1916, 117), Bergey 
et al. (Manual, 1st ed., 1923, 367), 
Duchd (Les actinomyces du groupe albus, 
Paris, 1934, 257) and Baldacci (loc. cit.)- 
Vegetative hyphae: Branched, 1 micron 
in diameter. 

Aerial mycelium: Abundant, white. 
Hyphae 1.3 to 1.7 microns in diameter 
with ellipsoidal spores (1 micron long) 
in coiled chains on lateral branches of 
the aerial hyphae. 

Gelatin: Liquefaction. Colonies gray, 

no soluble pigment. 

Ca-malate agar: Colonies of medium 
size, the center only is covered with a 

white aerial mycelium. 

Starch agar: Aerial mycelium white 

but covers the w’hole surface. 

Glucose agar: Gray aerial mycelium 

becoming brownish. ^ . 

Peptone and bouillon agar : No aenai 
mycelium but a chalky white deposi 
forms on old colonies. 

Odor: Earthy or musty. 

Broth: Flaky growth on bottom vain 

surface pellicle in old cultures. 

Potato: Colonies and aerial mycelium 

white. ^ I 

Carrots and other vegetables: Lxce - 

lent growth (Duch^). 

No growth on cellulose. 

No hydrolysis of starch. 

Actively proteolytic. 

Nitrites produced from nitrates. 
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Milk: Peptonized after coagulation. 
Reaction becomes alkaline (Duch<5). 
Aerobic. 

Source: From air and soil (Rossi 
Doria); from garden soil (Kminsky). 

Habitat: Dust, soil, grains and straw. 
Widely distributed. 

2. Streptomyces coelicolor (Reiner- 
Miiller) comb. nov. {Streptothrix coelicolor 
Reiner-Muller, Cent. f. Bakt., I Abt., 
Orig., 46, 1908, 197; Nocardia coelicolor 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 271; 
Actinomyces coelicolor Lieske, Morphol. 
u. Biol. d. Strahlcnpilze, Leipzig, 1921, 
28.) From Latin caelum, sky and color, 
color. 

Regarded by the authors of this section 
as the same as Actinomyces violaceus 
Waksman and Curtis, Soil Science, 1, 
1916, 110 (Actinomyces violaceus-ruber 
Waksman and Curtis, ibid., 127; Actino¬ 
myces waksmanii Bergey et al., Manual, 
3rd ed., 1930, 489) and Actinomyces tri¬ 
color Wollcnweber, Arbeiten d. For- 
schungsinstitut fiir Ivartoffelbau, 1920, 
13. It is, however, pointed out by J. E. 
Conn (Jour. Bact., 46, 1943, 133) that 
certain differences between the descrip¬ 
tions of Waksman and Curtis, and that of 
Muller may correspond to actual chemical 
differences in the pigments produced; 
and that the organism of Waksman and 
Curtis may be a separate species. 

Description by Muller except as 
noted. 

Morphology of Streptomyces coelicolor 
has not been fully described. According 
to Waksman and Curtis who described 
Actinomyces violaceus-ruber, this is as 
follows: Straight filaments with open, 
dextrorse spirals, breaking up into coni- 
dia. Conidia oval or rod-shaped, 0.7 to 1.0 
by 0.8 to 1.5 microns. 

Gelatin: Good growth. No pigment 
formation. Liquefaction fairly rapid, 
beginning in 4 to 7 days. 

Plain agar: Good growth. Pigment 
lacking or faint blue (Conn). 


Czapek agar (according to Waksman 
and Curtis concerning Actinomyces viola¬ 
ceus-ruber) : Thin, spreading, colorless at 
first, becoming red, then blue. Aerial 
mycelium thin, white, jwwdery, becom¬ 
ing mouse-gray. 

Asparagine agar (synthetic); With 
glycerol as source of carbon, good growth, 
violet to deep blue, with pigment diffus¬ 
ing through medium; final H-ion con¬ 
centration about pH 7.0 to 8.0. With 
glucose as source of carbon, poorer 
growth, red, no diffusion of pigment; 
final H-ion concentration about pll G.O 
to 5.0 (Onn). 

Broth; Good growth. Cretaceous layer 
around edge. 

Milk; No change at 25'’C (Conn). 
At37'’C, coagulation. Peptonization be¬ 
ginning in 3 to 5 days. 

Potato: Strong pigment production, 
sometimes greenish-blue or violet, but 
usually sky-blue, diffusing through me¬ 
dium and coloring water at base of tube. 

Nitrites produced from nitrates. 

Blood agar; Hemolysis showing on 4th 
day. 

Muller reports no acid from carbohy¬ 
drates on organic media. Conn, however, 
finds acid from glucose and lactose, and 
sometimes from sucrose and mannitol 
when grown on synthetic media. 

Pigment: The most striking charac¬ 
teristic of this organism is a litmus-like 
pigment usually produced on potato or 
synthetic media, which is deep blue and 
water-soluble at alkaline reactions (be¬ 
yond pH 8.0), violet around neutrality, 
and red (insoluble in water) at about pll 
6.0. Conn points out that the primary 
pigment has a spectrophotometric curve 
almost identical with that of azolitmin; 
but that there are undoubtedly other pig¬ 
ments produced, especially in the case of 
the strains believed to be typical of 
Actinomyces violaceus-ruber (as pre¬ 
viously pointed out by Waksman and 
Curtis). 

Good growth at room temperature and 
at 37‘’C. 
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Aerobic. 

Distinctive character: Litmus-likc pig¬ 
ment. 

Source: Dust contamination on a 
potato slant. 

Habitat; Soil and plant surfaces. 
Very abundant. 

Note: Because of the numerous colors 
and shades shown by the pigment ac¬ 
cording to final ll-ion concentration and 
other less understood factors, this species 
may have been described under various 
names. On the other hand, it is entirely 
possible, as pointed out by Conn (/oc. 
cil.), that careful study of the [figments 
may show that more than one species is 
actually involved. 

3. Streptomyces verne (Waksman and 
Curtis) comb. 7iov. (Actinomifces verne 
Waksman and CurtLs, Soil Science, /, 
1916, 120.) Derivation uncertain. 

Filaments with close branching of the 
hyphae. No conidia demonstrated. 

Gelatin stab: Small, cream-colored 
colonics. Rapid liquefaction. 

Synthetic agar: Abundant, spreading, 
wrinkled, elevated, glossy, yellowish 
growth, becoming brownish, lichenoid 
margin. 

Starch agar: Scant, brownish, re¬ 
stricted growth. 

Glucose agar: Abundant, much folrled 
growth, center raised, gray with purplish 
tinge, entire. 

Plain agar: Small, grayish colonics with 
depressed center, becoming wrinkled. 

Glucose broth; Slightly flaky sediment. 

Litmus milk: Pinkish-brown ring; 
coagulated; peptonized, with alkaline 
reaction. 

Potato: Cream-colored growth, be¬ 
coming gray, wrinkled. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. Sol¬ 
uble green pigment produced when 
freshly isolated. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 


Source: Isolated once from upland 
California soil. 

Habitat: Soil. 

4. Streptomyces californlcus (Waks¬ 
man and Curtis) comb. nov. (Aclinomyces 
califnrnicus W'aksman and Curtis, Soil 
Science, I, 1916, 122.) Named for the 
State of California. 

Filaments with long, narrow, open 
spirals. Spherical to oval conidia from 
straight and spiral hyphae. 

Gelatin stab: Gray, moist, abundant 
surface growth. Liquefaction in 30 days. 

Synthetic agar: Spreading, vinaceous- 
colored growth. Aerial mycelium pow¬ 
dery, thin, light neutral gray. 

Starch agar; Growth spreading, pink 
center with colorless to gray margin. 

Glucose agar: Restricted, much folded, 
cream-colored growth, with sulfur-yellow 
tinge. 

Plain agar; Thin, restricted, yellowish 
to cream-colored growth. 

Glucose brotli; Solid crcam-colorcd 
ma.ss on surface, with pink tinge. 

Litmus milk: Faint, brownish surface 
growth; coagulated; peptonized in 40 
days. 

Potato: Glossy, yellow to red growth, 
turning red-brown. 

Nitrites produced from nitrates. 

No soluble pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated once from California 

sandy loam. 

Habitat: Soil. 

5. Streptomyces flaveolus (Waksman) 
comb. nnv. (Actinomyces 168, Waksman, 
Soil Science, 8, 1019, 13*; Actinomyc^ 
flaveolus Waksman, in Manual, 1st 
1923, 36S; Actinomyces hdmi Duch , 
Actinomyces du groupc albus. 

pddic Mycologique. Paris, 6, 1934, do9.) 
From Latin flavus, yellow and eol^, 
diminutive ending; hence, somewna 

yellow. 
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Numerous closed and open spirals on 
all media. Conidia oval to elliptical. 

Gelatin stab: Liquefied; abundant, 
yellowish, spreading pellicle. 

Synthetic agar: Growth light sulfur- 
yellow turning to cadmium-yellow, pene¬ 
trating deep into medium. Aerial my¬ 
celium as white to ash-gray patches. 
Starch agar: White, spreading growth. 
Glucose agar: Restricted growth, sur¬ 
face folded, raised. 

Plain agar: White, glistening, wrinkled 
growth. 

Glucose broth: Thin, yellow pellicle. 
Litmus milk: Sulfur-yellow ring; co¬ 
agulated; peptonized, with faintly alka¬ 
line reaction. 

Potato: Abundant, wrinkled, cream- 
colored growth. 

Nitrites produced from nitrates. 
Soluble empire-yellow pigment formed. 
Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

6. Streptomyces bobiliae (Waksman and 
Curtis) com6. tiov. (Aclincmyces bobili 
Waksman and Curtis, Soil Science, 1, 
1916, 121.) From the name of a person. 

Mycelium with branching hyphae. 
Few close spirals of a dextrorse type. 

Gelatin stab: Dense, cream-colored to 
brownish surface growth. Rapid lique¬ 
faction. 

Synthetic agar: Abundant, glossy, 
wrinkled, elevated, coral-red growth 
becoming deep red. Scant, white aerial 
mycelium. 

Starch agar: Restricted, finely 
wrinkled, coral-red growth with hyaline 
margin. 

Plain agar: Restricted, glossy, gray 
growth, becoming brownish. 

Glucose broth: Round colonies in fluid. 
Flaky sediment. 

Litmus milk: Dark brown ring. No 
coagulation. Peptonized. 

Potato: Thin, yellowish growth, be¬ 
coming red, dry and wrinkled. 


Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated once from adobe and 
garden soils. 

Habitat: Soil. 

7. Streptomyces roseochromogenus 
(Jensen) comb. nov. {Actinomyces roseus 
Krainsky, Cent. f. Pakt., II Abt., 4L 
1914, 002; Waksman and Curtis, Soil 
Science, 1, 1910, 125; Waksman, Soil- 
Science, 8, 1919, 148; not Actinomyces 
roseus Namyslowski, Cent, f. Bakt., I 
Abt., Oi'ig., 62, 1912, 567; Nocardia rosea 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 270; 
Actinomyces roseochromogenus Jensen, 
Proc. Linnean Soc. New So. Wales, 56, 
1931, 359.) From Latin, producing rose 
color. 

Filaments with numerous open and 
closed spirals. Conidia 1.0 to 1.2 by 1.5 
to 3.0 microns. 

Gelatin stab: Liquefaction, with small, 
cream-colored colonies in bottom of 
liquid. 

Synthetic agar: Thin, spreading, color¬ 
less growth. Aerial mycelium thin, pale, 
brownish. 

Starch agar: Colorless, spreading 
growth. 

Glucose agar: Growth extensive, 
spreading, colorless, entire. 

Plain agar: White growth, becoming 
yellowish. 

Glucose broth; Cream-colored ring, 
with flaky sediment. 

Litmus milk: Brownish ring. No co¬ 
agulation. Peptonized in 10 to 15 days, 
becoming strongly alkaline. 

Potato: Much wrinkled, brownish 
growth. 

Nitrites produced from nitrates. 

Purple pigment on egg media; brown on 
gelatin. 

Starch is hydrolyzed. 

Aerobic. 
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Optimum temperature 37°C. 

Habitat; Soil. 

S. Streptomyces griseolus (Waksman) 
comb. nov. (Actinomyces 96, Waksman, 
Soil Science, 5, 1919, 121; Actinomyces 
griseolus Waksman, in .Manual, 1st ed., 
1923, 369.) From Latin griseus, gray and 
eolus, diminutive ending; hence, some¬ 
what gray. 

Branching mycelium; no spirals ob¬ 
served. Conidia spherical or oval¬ 
shaped. 

• Gelatin stab: Liquefied with yellowish, 
flaky pellicle and sediment. 

Synthetic agar: Colorless, thin, spread¬ 
ing growth, chiefly in the medium; sur¬ 
face growth limited almost entirely to the 
aerial mycelium. Aerial mycelium at 
first gray, later becoming pallid, neutral- 
gray. 

Starch agar: Grayish-brown growth, 
with dark ring. 

Glucose agar: Spreading growth, both 
on the surface and into the medium; 
center raised, cream-colored, turning 
dark. 

Plain agar: Brownish growth, with 
smooth surface. 

Glucose broth: Thick, brown ring. 

Litmus milk: Abundant growth, pink 
pellicle; coagulated; peptonized, becom¬ 
ing alkaline. 

Potato: Cream-colored growth, becom¬ 
ing black, spreading. 

Nitrites produced from nitrates. 

Faint brownish soluble pigment 
formed. 

Starch is hydrolyzed. 

.Aerobic. 

Optimum temperature 25®C. 

Habitat; Soil. 

9. Streptomyces erythreus (Waksman) 
comb, nov, (Actinomyces 161, Waksman, 
Soil Science, 8, 1919, 112; Actinomyces 
erythreus Waksman, in Manual, 1st ed., 
1923, 370; Actinomyces krainskii Duch^, 
Encyclop^die Mycologique, Paris, 6, 
1934, 306.) From Greek erythrus, red. 


Mycelium fine, branching; numerous 
open spirals formed as side branches of 
the main hyphae. 

Gelatin stab: Abundant, dense, gray 
growth with pinkish tinge, chiefly on sur¬ 
face of liquefied medium. 

Synthetic agar: Spreading growth with 
irregular margin, developing deep into 
the medium; color at first white, later 
turning yellowish, agar around growth 
has a white, milky surface. Aerial myce¬ 
lium, thick, solid, white. 

Starch agar; Cream-colored, circular 
colonies, with faint greenish tinge. 

Glucose agar: Abundant, spreading, 
cream-colored growth, later turning 
brown chiefly on surface; center raised, 
lobate margin. 

Plain agar: Cream-colored growth. 

Glucose broth: Abundant, cream- 
colored surface growth. 

Litmus milk: Yellowish surface zone; 
coagulated; peptonized, becoming alka¬ 
line. 

Potato; Wrinkled, cream-colored 
growth, becoming yellowish. 

Nitrites produced from nitrates. 

Soluble purple pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Similar to Streptomyces erythrochromo- 
genes (Species No. 24) except that no 
brown soluble pigment is formed. 

Source: From California and Hawaiian 

soils. 

Habitat: Soil. 

10. Streptomyces cellulosae (Krain- 
sky) cotnb. nov. (Actinomyces cellulosae 

Krainsky, Cent. f. Bakt., H Abt., 4 » 
1914, 662.) From M. L. cellulosa, cellu¬ 
lose. 

Conidia almost spherical, 1.3 microns 
in diameter, often arranged in chains^ 

Gelatin colonies: Circular, yellowisH. 

Gelatin stab: Liquefied. 

Plain agar: White aerial mycelium. 

Ca-malate agar: Yellowish colomes; 
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gray aerial mycelium. Soluble yellow 
pigment formed. 

Glucose agar: Abundant growth, gray 
aerial mycelium. Soluble yellow pig¬ 
ment. 

Starch agar: Same as on glucose agar. 
Glucose broth: Coarse, flaky growth. 
Yellow pigment. 

Litmus milk: Peptonized. 

Potato: Light gray growth; gray aerial 
mycelium. 

Nitrates show slight reduction. 

Strong diastatic action. Esculin is hy¬ 
drolyzed. 

Cellulose is decomposed. 

Aerobic. 

Optimum temperature 30® to 35*C. 
Habitat: Soil. 

11. Streptomyces parvus (Krainsky) 
comb. nov. {Actinomyces parvus Krainsky, 
Cent. f. Bakt., II Abt., 41, lOH. 662; 
Nocardia parva Chalmers and Chris- 
topherson, Ann. Trop. Med. and Para- 
sit., 10, 1916, 268.) From Latin parvus, 
small. 

Conidia more or less oval, 0.9 to 1.3 
by 1.2 to 1.8 microns. 

Gelatin: Colonies yellow. Slow lique¬ 
faction. 

Ca-malate agar: Small, yellow colonies 
with light yellow aerial mycelium. 

Glucose agar: Same as on Ca-malate 
agar. 

Starch agar: Same as on Ca-malate 
agar. 

Glucose broth: Hemispherical colonies 
in bottom of tube. 

Litmus milk: Peptonized. 

Nitrate slightly reduced. 

Moderate diastatic action. 

Cellulose not decomposed. 

Aerobic. 

Optimum temperature. 

Source: Garden soil. 

Habitat: Soil. 

12. Streptomyces malenconli (Duch6) 
comb. nov. {Actinomyces malenconi 
Duch4, Encyclop^e Mycologique, Paris, 


6, 1931, 353.) Named for Mr. Malengon 
from whom the original culture was 
obtained. 

Gelatin: Poor growth; liquefaction. 

.Asparagine glucose agar: Rapid opaque 
growth, later becoming covered with 
white aerial mycelium; amber-colored 
pigment, dissolved in medium. 

Peptone agar: Cream-colored lobous 
growth, covered with whitish aerial my¬ 
celium. 

Asparagine glucose solution: Long, 
much branching filaments, 0.5 to 0.7 
micron; somewhat heavier aerial myce¬ 
lium with a few irregular conidia; some 
flaky growth on bottom of tube; surface 
growth is cream-colored with rare white 
aerial mycelium; liquid becomes slightly 
yellow. 

Peptone solution: Whitish growth with 
yellowish soluble pigment. 

Milk: Surface growth with whitish 
aerial mycelium; slow peptonization, 
liquid becoming brownish-colored. 

Potato; Rapid growth with thin white 
mycelium; no soluble pigment. 

Coagulated serum: Radiating cream- 
colored growth covered with white aerial 
mycelium; slow liquefaction. 

No pigment on tyrosine medium. 

Source: Culture obtained from Mr. 
Malengon, an inspector in Morocco. 

13. Streptomyces dlastaticus (Krain¬ 
sky) comb. nov. {Actinomyces diaslali- 
cus Krainsky, Cent. f. Bakt., II Bakt., 
41, 1914, 662; Waksman and Curtis, Soil 
Science, /, 1916, 116.) From M. L. 
diastaticus, diastatic. 

Actinomyces roseodiastalicus Duch6, 
Encyclopedic Mycologique, Paris, 1934, 
329 is said to differ from both Krain- 
sky’s, and Waksman and Curtis’ strains. 

Filaments may show fine, long, narrow 
spirals. Conidia oval, 1.0 to 1.2 by 1.1 
to 1.6 microns. 

Gelatin stab: Liquefied with small, 
cream-colored flakes in liquid. 

Synthetic agar: Thin, gray, spreading 
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growth. Aerial mycelium white, becom¬ 
ing drab gray. 

Starch agar: Thin, colorles.s, spreading 
growth. Aerial mycelium gray. 

Glucose agar: Yellowish, spreading 
growth. No aerial mycelium. 

Plain agar: Cream-colored growth. 
Thin aerial mycelium. 

Glucose broth: Gray ring with grayish 
colonies in bottom of tube. 

Litmus milk; Brownish ring; coagu¬ 
lated ; peptonized in 2.5 to30days, becom¬ 
ing faintly alkaline. 

Potato; Abundant, wrinkled, cream- 
colored growth with greenish tinge. 

Nitrites produced from nitrates. 

Brown to dark brown soluble pigment 
formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Habitat: Soil. 

14. Streptomyces fimicarius (Duchd) 
comb. nou. {.Arlinomyccs fimicarius 
Duch6, Encyclopedie Mycoiogi(iuo, Paris, 
6, 1934, 346.) From Liitin firnus, dung 
and carus, loving. 

Gelatin; Punctiform colonics with 
whitish aerial mycelium; reddish soluble 
pigment. Liquefaction. 

Asparagine agar; Cream-colored growth 
with whitish aerial mycelium; reverse 
side, cream-colored to slight ochre. 

Czapek’s agar: Yellowish masses of 
growth with yellowish-white aerial my¬ 
celium ; reverse side orange-colored; faint 
yellowish soluble pigment. 

Peptone agar: Cream-colored growth 
with white aerial mycelium; reverse side, 
yellowish. 

Asparagine solution: Vegetative fUa- 
ments 0.5 to 0.6 micron long; branching 
aerial mycelium 0.8 to 1.0 micron, forming 
numerous conidia; flaky growth produced 
on bottom; surface growth becomes cov¬ 
ered with a white aerial mycelium; re¬ 
verse side, brownish-red. 

Czapek’s solution: Cream-colored 


punctiform growth with yellowish aerial 
mycelium; no soluble pigment. 

Peptone solution : Whiti.sh growth that 
flukes throughout liquid; yellowish pig¬ 
ment. 

Tyrosine medium: White growth with 
yellowish reverse; yellowish soluble pig¬ 
ment. 

Milk: Colorless growth becoming cov¬ 
ered with whitish aerial mycelium; slow 
peptonization of milk which becomes rose- 
colored, finally changing to brownish-red. 

Potato: Crcam-colorcd to yellowish 
growth with whitish aerial mycelium; 
reddish-brown pigmentation of plug. 

Coagulated serum: Cream-colored 
growth with whitish aerial mycelium; 
rapid liquefaction of scrum. 

Distinctive characters: Abundant 
growth upon neutral and acid media; 
whitish aerial mycelium; marked odor; 
soluble brownish-red pigment. Thisspe- 
cies seems to form the transition type 

between the AcfiViomj/cesa/husgroupand 

the Actinomyces chromogenus group. 

Habitat: Found abundantly in manure. 

15. Streptomyces flavovirens (Waks- 
man) comb. nov. (Actinomyces 128, 
Waksman, Soil Science, 8, 1919, H^, 
Aciinomyces Jlavonrens Waksman, m 
Manual,'1st cd., 1923, 352; Actinomyces 
albcviridis Duch6, Encyclopedic Myco- 
logique, Paris, 6. 1934, 317.) From Utm 

Jlavus, yellow and virens, becoming green. 

Large masses of minute tufts; the hy 
phae coarse, straight, short, relative > 
unbranched, beaded; open spirals naay ^ 
produced in certain substances. 
spherical, oval to rod-shaped, 0.75 to I- 
by 1.0 to 1.5 microns. 

Gelatin stab: Yellowish-green surface 
pellicle, consisting of a mass of smai 
colonies, on the liquefied medium. 

Synthetic agar: Grow th spreading WP 
into the substratum, yellowish witn 
greenish tinge. Aerial mycelium, gra>j 
pow’dery. 

Starch agar; Greenish-yellow, ®P*^ 
ing growth, developing deep in^ 
medium. 
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Glucose agar: Restricted growth, de¬ 
veloping only to a very small extent into 
the medium, yellow, turning black, edge 
entire. 

Plain agar: Yellowish growth; the re¬ 
verse dark in center with yellowish zone 
and outer white zone. 

Glucose broth: Thick, sulfur-yellow 
pellicle or ring. 

Litmus milk: Cream-colored to brown¬ 
ish ring; coagulated; peptonized, becom¬ 
ing faintly alkaline. 

Potato: Sulfur-yellow, wrinkled 

growth. 

Only a trace of nitrite is formed from 
nitrate.?. 

Greenish-yellow soluble pigment 
formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

16. Streptomyces olivochromogenus 
(Bergey et al.) conih. nov. {Actinomyces 
chromogenus 205, Waksman, Soil Science, 
S, 1919, 106; Actinomyces olivochromog- 
enus Bergey ct al., Manual, 2ndcd., 1925, 
368.) From Greek, producing an olive 
color. 

Filaments with numerous close spirals. 
Conidia oval or elliptical. 

Gelatin stab: Crean»-colorcd, spreading 
surface growth. Rapid liquefaction. 

Synthetic agar: White, spreading 
growth. Aerial mycelium ash gray with 
brownish tinge. 

Starch agar: Transparent, spreading 

growth. 

Glucose agar: Abundant, natal brown 
to almost black growth, entire margin. 

Plain agar; Wrinkled, brown growth, 
becoming gray-green. 

Glucose broth: Thin, brown growth, 
flaky sediment. 

Litmus milk; Dark brown ring; coagu¬ 
lated; peptonized, becoming alkaline. 
Potato:Small, wrinkled, black colonies. 
Faint traces of nitrites formed from 
nitrates. 

4 


Soluble brown pigment formed. 

Starch is hydixjlyzed. 

Aerobic. 

Optimum temperature 37®C. 

Habitat: Soil. 

17. Streptomyces dlastatochromo- 
genes (Krainsky) corrtb. noo, {Actino- 
myces Jiastalochromogenea Krainsky, 
Cent. f. Bakt., II Abt., 41, 1914, 662.) 
From Greek, probably intended to mean 
producing both diastase and color. 

Conidia spherical or oval, about 1.2 
microns. 

Gelatin colonies: Light gray-colored. 

Gelatin stab: Liquefied. 

Plain agar: Medium-sized colonies, 
with white to gray aerial mycelium. 

Ca-malate agar: Medium-sized colonies, 
colorless, with gray aerial mycelium. 

Glucose agar: Same as on Ca-malate 
agar. 

Starch agar: Same as on Ca-malate agar. 

Glucose broth: Flaky colonics in depth 
at first, later also over surface. 

Potato: Light gray colonics; gray aerial 
mycelium; medium colored black. 

Soluble brown pigment formed in 
gelatin. 

Weakly diastatic. 

No growth on cellulose. 

Tyrosinase formed. 

Aerobic. 

Optimum temperature 35®C. 

Habitat: Soil. 

18. Streptomyces flavochromogenes 
(Krainsky) comb. nov. {Actinomyces 
flavochromogenes Krainsky, Cent. f. 
Bakt.,’ II Abt., 4i» 1914. 662.) From 
Latin flavus, yellow and Greek, produc¬ 
ing color. 

Conidia oval, 1.7 microns. 

Gelatin colonies: Yellowish colonies. 

Gelatin stab: Slight liquefaction. 

Plain agar: Aerial mycelium formed 
late, at first white, later gray. Gray 
soluble pigment formed. 

Ca-malate agar: Colonies yellow with 
white aerial mycelium forming late. 



042 


MANUAL OF J)ETKK\IINATIVK BAPTKRIOLOGV 


Glucose agar: Brown soluble pigment 
formed. 

Starch agar: Yellow colonies, with 
white aerial mycelium. 

Glucose broth: Fine fiakes, with small 
spherical colonies adherent to glass. 
Medium colored brown. 

Potato: Yellow colonies, with white 
aerial mycelium. 

Nitrites produced from nitrates. 

Weakly diastatic. Esculinacted upon. 

Slow growth on cellulose. 

Tyrosinase formed. 

Aerobic. 

Optimum temperature 35®C. 

Habitat: Soil, 

I'J. Streptomyces antibioticus (Waks- 
man and Woodruff) comb. nov. (Aclino- 
myccs antibioticus Waksman and Wood¬ 
ruff, Jour. Bact., 43, 1941, 232 and 246.) 
From Greek,antibiotic. 

Spore-bearing hyphae produced in the 
form of straight aerial hyphae. The 
conidiophores are arranged in clusters; no 
spirals formed. The conidia are nearly 
spherical to somewhat elliptical. 

Gelatin: Dark brown growth on surface, 
with patches of gray aerial mycellium. 
Dark pigment produced, which gradually 
diffuses into the unliquefied part of the 
gelatin. Liquefaction at first very slow, 
later becoming rapid. 

Czapek’s agar: Thin, whitish growth. 
Thin, gray aerial mycelium. 

Peptone media: Production of dark 
pigment at early stage of growth is very 
characteristic. Growth brownish, thin, 
with a yellowish-gray to yellowish-green 
aerial mycelium. 

Potato plug: Folded, brown-colored 
growth, with a thin black ring on plug, 
fading into a bluish tinge. No aerial 
mycelium. 

Carrot plug: Cream-colored to faint 
brownish growth. No aerial mycelium. 
No pigment. 

Litmus milk: Thick, brownish ring on 
surface of milk. Mouse-gray aerial my¬ 
celium with greenish tinge; growth be¬ 


comes brown, especially in drier portions 
adhering to glass. No reaction change, 
no coagulation of milk, no clearing; whit¬ 
ish sediment at bottom of tube. Old cul¬ 
tures : Heavy growth ring on surface of 
milk, heavy precipitation on bottom; li¬ 
quid brownish to black in upper portion. 
Odor: Very characteristic soil odor. 
.-Vntagonistic properties: Has a marked 
antagonistic effect on Gram-positive and 
Gram-negative bacteria, much more on 
the former than on the latter, as well as on 
actinomycctes. It is also active against 
fungi, which vary in degree of sensitivity. 
Produces a specific bacteriostatic and 
bactericidal substance known as actino- 
mycin (Waksman and Woodniff, Jour. 
Bact., 40, 1940, 581). 

Source: Isolated from soil on Escheri¬ 
chia co/i-washed-agar plate, using living 
cells of E. coli as the only source of avail¬ 
able nutrients. 

Habitat: Soil. 

20. Streptomyces vlrldochromogenes 

(Krainsky) comb. nov. (Actinomyces ciV- 
idochromogenes Krainsky, Cent. f. Bakt., 

II Abt., 1914, 662; Waksman and 
Curtis. Soil Science. 1, 1916. 114.) From 
Latin, green and Greek, producing 

color. 

Filaments with numerous open spirals, 

3 to 5 microns in diameter, occurring as 
side branches and terminal conidia, short 
ovals or spheres, 1.25 to 1.5 microns. 

Gelatin stab; Cream-colored surface 
growth, becoming greenish. Slow lique¬ 
faction. 

Synthetic agar; Spreading growth, 
cream-colored with dark center, becoming 
dark green; reverse yellowish to Hg f 
cadmium. Aerial mycelium abundant, 
spreading, white, becoming light green. 

Starch agar: Circular, spreading, y® 
lowish colonies. 

Glucose agar: Abundant, sprea^ng, 
wrinkled, gray growth, becoming bUck- 
Plain agar; Abundant, restricted, g»y 
growth, with greenish tinge. 
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Glucose broth: Dense, solid ring, 
brownish, becoming dark green. 

Litmus milk: Dark brown surface 
growth; coagulated; peptonized, with 
faintly alkaline reaction. 

Potato: Abundant, gray-brown growth. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Habitat: Soil. 

21. Streptomyces purpeochromogenus 
(Waksman and Curtis) comb. nov. (Ac- 
linomyces purpeochromogenus Waksman 
and Curtis, Soil Science, /, 1916, 113.) 
From Latin, purple and Greek, producing 
color. 

Branching mycelium and hyphae with 
few imperfect spirals. Conidia spheri¬ 
cal, 0.76 to 1.0 micron in diameter. 

Gelatin stab: Slow, brownish surface 
growth. Slow liquefaction. 

Synthetic agar: Slow, restricted, 
smooth, gray growth, becoming brown 
with purplish tinge; center raised. 
Margin yellow. 

Starch agar: Smal 1, dark brown colonies. 

Glucose agar: Abundant, restricted, 
gray growth, becoming brown to dark 
brown. 

Plain agar: Gray to brownish growth, 
becoming dark brown, almost black. 

Glucose broth: Slight, flaky sediment. 

Litmus milk: Dark-brown ring; coagu¬ 
lated; slowly peptonized, with faintly 
alkaline reaction. 

Potato: Restricted, orange to orange- 
red growth. 

Nitrites not produced from nitrates. 

Soluble dark brown pigment formed. 

Starch shows slight hydrolysis. 

Aerobic. 

Optimum temperature 25®C. 

Source: Isolated once from California 
adobe soil. 

HabiUtjSoil. 


22. Streptomyces phaeochromogenus 
(Conn) comb. nov. {Actinomyces pheO‘ 
chromogemis (sic) Conn, N. Y. State 
Agr. Exp. Sta. Tech. Bull. No. 60, 1917, 
16.) From Greek, producing a brown 
color. 

Branching filaments and hyphae, 
spirals narrow, open, elongated, sinis- 
trorse. 

Gelatin stab: .\bundant, spreading, 
cream-colored surface growth, becoming 
brown. Slow liquefaction. 

Synthetic agar: Colorless growth, be¬ 
coming brown to almost black, .\erial 
mycelium abundant, white with brownish 
shade. 

Starch agar: Spreading, brownish 
growth, becoming brown. 

Glucose agar: Restricted, much folded, 
brown growth. 

Plain agar: Thin, cream-colored growth, 
becoming gray. 

Gluco.se broth: Dense, wrinkled 
pellicle. 

Litmus milk: Dark, almost black ring; 
coagulated, with slow peptonization, 
faintly alkaline reaction. 

Potato: Brown to almost black growth. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Source: Isolated from soil. 

Habitat: Soil. 

23. Streptomyces aureus (Waksman 
and Curtis) comb. nov. {Actinomyces 
aureus Waksman and Curtis, Soil Science, 
1,1916,124; not Actinomyces aurea Ford, 
Textb. of Bact., 1927, 220.) From Latin 
aureus, golden. 

Mycelium shows numerous spirals. 
Conidia spherical to oval, 0.6 to 1.0 by 
0.8 to 1.4 microns. 

Gelatin stab: Fair, cream-colored sur¬ 
face growth, becoming brown, spreading. 
Liquefied. 

Synthetic agar: Thin, spreading, color- 
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less growth. Aerial mycelium thin, gray, 
powdery, becoming cinnamon drab. 

Starch agar: Thin, transparent, spread¬ 
ing growth. 

Glucose agar: Spreading, light orange 
growth, raised center, hyaline margin. 

Plain agar: Restricted, gray growth. 

Glucose broth: Thin, brownish ring; 
flaky sediment. 

Litmus milk: Black ring. No coagula¬ 
tion. Peptonization doubtful. 

Potato: Abundant, wrinkled, brown 
growth, becoming black. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Source: Isolated many times from a 
variety of soils. 

Habitat: Soil. 

24. Streptomyces erythrochromogenes 
(Krainsky) comb. nov. {Actinomyces ery- 
ihrochromogenes Krainsky, Cent, f. Bakt., 
II Abt., 4ti 1914,662; Waksman and Cur¬ 
tis, Soil Science, /, 1916, 112.) From 
Greek, producing a red color. 

Conidia oval, about 2.0 microns long. 

Gelatin colonies: Slow growth. 

Gelatin stab: Liquefled. A soluble 
brown pigment formed. 

Plain agar: Brown soluble pigment. 
White aerial mycelium. 

Ca-malate agar: Colonies circular, with 
grayish-wliite margined aerial mycelium. 

Glucose agar: Red pigment formed. 

Starch agar: A soluble rose pigment on 
old cultures. 

Glucose broth: Abundant growth. 
Floating colonics, later a pellicle is 
formed. Brown soluble pigment. 

Potato: Gray aerial mycelium. 

Medium colored black. 

Nitrates show slight reduction. 

Weakly diastatic. 

No proteolytic enzyme formed. 

No growth in cellulose. 

Aerobic. 

Optimum temperature 30^C. 


Source: Soil and roots of Alnus (alder). 

Habitat: Soil. 

25. Streptomyces lavendulae (Waks¬ 
man and Curtis) comb. not’. (Ac/tno- 
myces lavendulae Waksman and Curtis, 
Soil Science, /, 1916, 126.) FroniM. L., 
lavender. 

Hyphae coarse, branching. Spirals 
close, 5 to 8 microns in diameter. Conidia 
oval, 1.0 to 1.2 by 1.6 to 2.0 microns. 

Gelatin stab: Creamy to brownish sur¬ 
face growth. Liquefied. 

Synthetic agar: Thin, spreading, color¬ 
less growth. Aerial mycelium cottony, 
white, becoming vinous-lavender. 

Starch agar: Restricted, glistening, 
transparent growth. 

Plain agar: Gray, wrinkled growth. 

Glucose broth: Abundant, flaky sedi¬ 
ment. 

Litmus milk: Cream-colored ring. No 
coagulation; peptonized, with strong al¬ 
kaline reaction. 

Potato: Thin, wrinkled, cream-colored 

to yellowish growth. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37*C. 

Certain strains of this organism^ pro¬ 
duce antibiotics. One such antibiotic, 
designated as streptothricin, is active 
both in vitro and in vivo against various 
Gram-positive and Gram-negative bac¬ 
teria, fungi and actinomycetes (Waks 
man and Woodruff, Proc. Soc. Exp- Bio 
Med., 49, 1942, 207; Waksman, Jour. 

Bact., 49, 1943, 299). 

Source: Isolated once from orchard soil 

Habitat: Soil. 

26. Streptomyces retlcull (Waksman 
and Curtis) comb. nov. {Actinomyces 
Tcticuli Waksman and Curtis, Soil Sci¬ 
ence, /. 1916,118.) From Utin reUculum, 

a small net. , 

Mycelium in whorls; spirals formed 
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glucose agar are sinistrorse. Conidia 
spherical, 1.0 to 1.4 microns in diameter. 

Gelatin stab: Liquefied with small, 
brown flakes. 

Synthetic agar: Colorless growth, with 
yellowish tinge, becoming brownish, 
spreading. Aerial mycelium thin, white, 
cottony. 

Starch agar: Brownish-gray growth. 

Glucose agar: Restricted, brownish 
growth, center raised. 

Plain agar: Gray, wrinkled growth, be¬ 
coming brownish. 

Glucose broth: Sediment consisting of 
large colonies. 

Litmus milk: Reaction unchanged; co¬ 
agulated; peptonized. 

Potato: Gray growth, with black 
center. 

Nitrites produced from nitrates. 

Dark brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Source: From upland and adobe soils in 
California. 

Habitat: Soil. 

27. Streptomyces rubrlreticull nom. 
nov. (Aclinomyccs reliculus-ruber Waks- 
man, Soil Science, 8, 1919, 146; Actino¬ 
myces reticulus Bergey et al., Manual, 
2nd cd., 1925, 373.) From Latin ruber, 
red and reticulum, a small net. 

Branching filaments with both primary 
and secondary whorl formation. Spirals 
formed on glucose agar. Conidia oval¬ 
shaped. 

Gelatin stab: Surface growth yellow¬ 
ish-red to dragon-pink. Liquefied. 

Synthetic agar: Abundant, spreading 
growth, usually pink. Aerial mycelium 
thin, rose to pink. 

Starch agar: White growth wdth red 
tinge. 

Glucose agar: Abundant, spreading, 
rose-red, entire growth. 

Plain agar: Red growth, with yellowish 
niargin, becoming red. 

Glucose broth: Thin, flaky sediment. 


Litmus milk: Abundant, red pellicle; 
coagulated; peptonized. Reaction un¬ 
changed. 

Potato: Cream-colored growth, later 
pink to dark red. 

Nitrites produced from nitrates. 

Soluble dark brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Certain strains of this organism pro¬ 
duce an antibiotic. 

Source: Isolated fmin New Jersey 
orchard and California upland soils. 

Optimum temperature 37®C. 

Habitat: Soil. 

28. Streptomyces flavus (Krainsky) 
cofnb. nov. {Actinomyces flavus Krain¬ 
sky, Cent. f. Bukt., II Abt., 4U 1914, 662; 
Waksman and Curtis, Soil Science, 1, 
1916, 118; not Actinomyces flavus San- 
felice. Cent. f. Bakt., I Abt., Orig., 36, 
1905, 359.) From Latin flavus, yellow. 

Coarse filaments with brandling hy- 
phae. Conidia formed by budding and 
breaking up of hyphae into oval forms. 

Gelatin stab: Small, yellowish masses 
on surface of liquefied medium. 

Synthetic agar: Circular, yellow' or sul¬ 
fur-yellow colonies. Aerial mycelium 
straw-yellow'. 

Starch agar: Spreading, cream-colored 
growth, with pink tinge. 

Glucose agar: Restricted, raised, folded, 
sulfur-yellow’ growth, center shading to 
brown. 

Plain agar: Gray, spreading, folded 
grow'th. 

Glucose broth: Small, white colonies in 
bottom of tube. 

Litmus milk: Coagulated; peptonized, 
becoming distinctly alkaline. 

Potato: Elevated, much w’rinkled, 
greenish-olive growth. 

Traces of nitrite formed. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 
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Optimum temperature 25®C. 

Habitat: Soil. 

29. Streptomyces ruber (Krainsky) 
comb. nov. {Actinomyces ruber Kruin- 
sky, Cent. f. Bakt., II Abt., 4^, 1914, 6C2; 
Waksman, Soil Science, S, 1919, IIO; not 
Actinomyces ruber Sanfelicc, Cent. f. 
Bakt., I Abt., Grig., 36, 1904 , 355; A'o- 
cardia krainskii Chalmers and Chris- 
topherson, Ann. Trop. Med. and Para- 
sit., 10, 1916, 2G8.) From Latin ruber, 
red. 

Straight, branching mycelium, radiat¬ 
ing. A few spirals may be formed. 

Gelatin stab: Liquefaction, with yellow 
flakes. 

Synthetic agar: Abundant, spreading, 
red growth. Aerial mycelium abundant, 
cottony, chrome-orange. 

Starch agar: Abundant, spreading, red 
growth. 

Glucose agar; Restricted, abundant, 
entire, coral-rcd growth. 

Plain agar: Restricted, elevated, wrin¬ 
kled, olive-green growth. 

Glucose broth: Red ring, with spongy 
colonies on the surface. 

Litmus milk: Dark ring with red tinge; 
coagulated; peptonized, with alkaline 
reaction. 

Potato: Elevated, wrinkled, greenish 
growth. 

Nitrites produced from nitrates. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature ST^C. 

Habitat: Soil. 

30. Streptomyces cltreus (Krainsky) 
comb. noo. {Actinomyces cilreus Krain- 
gky, Cent. f. Bakt., II Abt., 4/, 1914,062; 
Waksman and Curtis, Soil Science, /, 
1916 99; not Actinomyces cilreus Gaa- 
perini, Cent. f. Bakt., 15, 1894, 684.) 
From M. L. cilreus, lemon-yellow. 

Filaments with long, narrow open 
spirals. Conidia spherical to oval, 1.2 
to 1.5 by 1.2 to 1.8 microns. 


Gelatin stab: Yellowish, restricted sur¬ 
face growth. Liquefaction in 35 days. 

Synthetic agar: Abundant, spreading, 
raised, wrinkled, citron-yellow growth. 
Aerial mycelium covering surface; citron- 
yellow. 

Starch agar: Abundant, yellowish- 
green growth. 

Glucose agar: Extensive, glossy, olive- 
yellow, entire growth; center elevated. 

Plain agar: Restricted, cream-colored 
growth. 

Glucose broth: Thin, wide, yellow ring, 
flaky sediment. 

Litmus milk: Cream-colored surface 
growth; coagulated; peptonized, becom¬ 
ing alkaline. 

Potato: Yellowish growth, aerial my¬ 
celium white. 

Trace of nitrite production from ni¬ 
trate. 

The pigment formed is not soluble. 

Starch hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Habitat: Soil. 


31. Streptomyces fulvlsslmus (Jensen) 
comb. nov. (Actinomyces fulvissvnus 

Jensen, Soil Science, SO, 1930,06.) 

Latin fulvissimus, very yellow. 

Vegetative mycelium without any sp® 
cia! characteristics: aerial ® 

short, straight, often trifurcated I'M’ ' 
1.0 to 1.2 microns broad; no spiral 
tion; branches of hyphae break up 
conidia, 1.0 to 1.2 by L2 to 1.5 micros. 
Gelatin: Vegetative 

smooth, yellowish-brown to red- * 

no aerial mycelium; no pigment, gc 
completely liquefied in 10 to 12 . 

Nutrientagar:Goodgrowth:ve^ 

mycelium raise.!, flnely 
red-brown; no aerial mycelium; bro 


=k-s agar: Good growth (one»W» 

vegetative 

first light Ko'de". 
to red-brown; aenal . 

_olmnat absent, n»‘ 
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white, later light grayish-brown; pigment 
very characteristic, bright golden to 
orange. 

Glycerol agfir: Good growth; vegeta¬ 
tive mycelium narrow, raised, smooth, 
golden to dark bronze; aerial mycelium 
scant, in patches, white to light cinna¬ 
mon-brown; pigment intensely golden to 
orange. 

Starch-casein agar: Good growth; vege¬ 
tative mycelium spreading, folded, yel¬ 
lowish-brown ; aerial mycelium abundant, 
smooth, lead-gra 3 "; pigment dull yellow 
to orange. 

Potato: Good growth; vegetative my¬ 
celium raised, much wrinkled, rust- 
brown; aerial mycelium absent or traces 
of white; pigment gray to faint lemon- 
yellow. 

Loeffler’s blood serum: Vegetative my¬ 
celium red-brown; no aerial mycelium; 
yellowish pigment; no liquefaction. 

Distinctive characters: The character¬ 
istic golden pigment is formed in nearly 
all media in which the organism grows, 
but becomes most typical and attains its 
greatest brightness in syntlietic agar 
media; it has indicator properties, turn¬ 
ing red in strongly acid solutions. The 
species is ea.sily recognized on agar plates 
by its bronze-colored colonics, sur¬ 
rounded by haloes of bright yellow pig¬ 
ment. 

Source: Very common in Danish soils. 
Habitat: Soil. 

32. Streptomyces gougerotl (Duch6) 
comb. nov. {Actinomyces gougeroti Du- 
ch6, Encyclop6die Mycologique, Paris, 
e, 1934,272.) Named for Prof. Gougcrot, 
from whom the culture was obtained. 

Gelatin: Cream-colorcd colonics de¬ 
veloping slowly with faint aerial my¬ 
celium; no pigment; liquefaction. 

Plainagar: Cream-colored growth form¬ 
ing concentric ring with age, with brown¬ 
ish reverse; faint yellowdsh soluble pig¬ 
ment. 

Synthetic agar: Slow growth as puncti- 
form colonies; cream-colored wdth smooth 


edge; no aerial mycelium; no soluble pig¬ 
ment. 

Peptone broth: Crcam-coiored ring on 
surface of medium with Hakes tiiroughout 
the medium; no soluble pigment. 

Synthetic solution: Submerged my¬ 
celium in the form of flakes, later forming 
a surface pellicle ; filaments of aerial my¬ 
celium 1 micron in diameter, with nu¬ 
merous conidia; cream-colored growth; no 
soluble pigment. 

Tyrosine medium: Good growth with 
white aerial mycelium; no soluble pig¬ 
ment. 

I.itmus milk: Growth in the form of 
colonies wliich remain separated from one 
another; also (lakes in the bottom of the 
tube with bluish tinge on reverse of 
growth; milk turns blue in 10 to 12 days. 

Coiigulated scrum: Crcam-coiored 
growth covered with white aerial myce¬ 
lium; rapid liquefaction of scrum. 

Potato: Slow growth of a greenish tinge; 
aerial mycelium; no black pigment. 

Distinctive character: Intermediate 
between Streptomyces albus with its 
abundant aerial mycelium and Actino¬ 
myces almquisli with its very scanty aerial 
mycelium. 

Source: Culture obtained from the col¬ 
lection of Prof. Gougcrot. 

33. Streptomyces violaceonlger (Waks- 
man and Curtis) comb. nov. {Aclino- 
myces violaceus-niger Waksman and 
Curtis, Soil Science, 1, 1916, 111.) From 
Latin violaccus, violet and niger, black. 

Gelatin: Gray growth, with no produc¬ 
tion of aerial mycelium. Gelatin around 
colony rapidly liquefied, but without any 
change in color. 

Czapek's agar: Colony at firet dark 
gray, turning almost black, 2 to 4 mm in 
diameter. Surface glossy, much folded 
with a very thin gray margin. A white 
to gray aerial mycelium is produced after 
the colony has well developed. A bluish- 
black pigment is produced at a later stage 
of its growth. The pigment slowly dis¬ 
solves in the medium, turning almost 
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black. Odor fairly strong. Microscopi¬ 
cally two types of mycelium are found: 
the thin, branching filaments of the sub¬ 
stratum, and the thick filaments of the 
aerial mycelium. The aerial mycelium 
fragments not very rapidly, producing a 
few conidia, spherical and oval, 1.2 to 
1.5 by 1.2 to 2.3 microns. These often 
occur in chains. 

Czapek’s solution: Colonies large, 2 to 
3 mm in diameter, appearing at the bot¬ 
tom and surface of the solution, but none 
throughout the medium. Colonies blu¬ 
ish in color, with a regular margin. Me¬ 
dium not colored. 

Potato plug: Growth at first very slight, 
but after 48 hours develops into a yellow¬ 
ish-gray continuous thick smear which 
later turns brown, with a white aerial 
mycelium covering the growth. Medium 
not colored. 

Source: Isolated once from the upland 
California soil. 

Habitat: Soil. 

34. Streptomyces griseus (Krainsky) 
comb. nov. {Actinomyces griseus Krain¬ 
sky, Cent. f. Bakt., II Abt., 1914, 
662.) From M. L. emeus, gray. 

Branching filaments; a few spirals have 
been observed. Conidia rod-shaped to 
short cylindrical, 0.8 by 0.8 to 1.7 microns. 
Aerial mycelium greenish-gray. 

Gelatin stab: Greenish-yellow or cream- 
colored surface growth with brownish 
tinge. Rapid liquefaction. 

Synthetic agar: Thin, colorless, spread¬ 
ing growth, becoming olive buff. Aerial 
mycelium thick, powdery, water-green. 

Starch agar: Thin, spreading, trans¬ 
parent growth. 

Glucose agar: Growth elevated in cen¬ 
ter, radiate, cream-colored to orange, 
erose margin. 

Plain agar: Abundant, cream-colored, 
almost transparent growth. 

Glucose broth: Abundant, yellowish 
pellicle with greenish tinge, much folded. 

Litmus milk: Cream-colored ring; co¬ 


agulated with rapid peptonization, be¬ 
coming alkaline. 

Potato: Yellowish, wrinkled growth. 
Nitrites produced from nitrates. 

The pigment formed is not soluble. 
Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Different strains of this organism pro¬ 
duce different antibiotics. One of these, 
streptomycin, was isolated in crystalline 
form. It is active against a large num¬ 
ber of bacteria and actinomycetes, but 
not against fungi and viruses. It is not 
very toxic to animals, and has found 
extensive application in the treatment of 
various diseases, mostly caused by 
Gram-negative bacteria and certain 
forms of tuberculosis. 

Source: Garden soil. 

Habitat: Soil. 

35. Streptomyces griseoflavus (Knun- 
sky) co7nb. nov. {Actinomyces griseo 
fiavus Krainsky, Cent, f. Bakt., H Abt., 
41, 1914, 662.) From M. L. griseus, gray 
and Latin/acus, yellow. 

Conidia oval, 1.2 microns. 

Gelatin colonies: Yellowish. Concentric 

rings. 

Gelatin stab: Rapidly liquefied. 

Plain agar: Colonies yellowish, witn 

white aerial mycelium. , 

Ca-malate agar: Large colonies coverea 

with yellow to greenish-gray aerial my¬ 
celium. ,. ^ !- 

Glucose agar: White aerial mycelium 

slowly formed. 

Starch agar: White aerial mycelium- 
Glucose broth: Flaky growth. 

Litmus milk: Peptonized. 

Potato: Yellowish growth, aenal m> 
celiumgray. 

Nitrites produced from nitrates. 
Weakly diastetic. Acts on escuim- 
Grows well on cellulose. 

Aerobic. 

Optimum temperature 35 C. 

Habitat: Soil. 
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36. Streptomyces albidoflavus (Rossi 
Doria) comb. nov. (Streptolrix (sic) 
albido-Jlava Rossi Doria, Ann. cl. 1st. 
d’lg. sper. d. Univ. di Roina, 1, 1891, 
•107; Actinomyces albido-Jlavus Gas- 
perini, ibid., 1892, 222; Streptothrix 
albido Chester, Man. Determ. Bact., 
1901, 365; Cladothrix albido-Jlava Maed, 
Traitd Pratique de Bact., 4tli ed., 1901, 
1097; Nocardia albida Clialmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 271.) From Latin 
alhidus, white and Jlavus, yellow. 

Description from Duchd, Encyclo- 
p6die Mycologique, Paris, 6, 1934, 294. 

Gelatin: Punctiform colonies with 
white aerial mycelium on surface of 
liquid; no soluble pigment; rapid lique¬ 
faction. 

Synthetic asparagine agar: Growth be¬ 
comes rapidly covered with white aerial 
mycelium, later becoming whitish- 
yellow ; brown on reverse side; yellowish 
soluble pigment. 

Peptone agar: Cream-colored growth 
covered with fine white aerial mycelium; 
yellow soluble pigment. 

Tyrosine agar: Fine growth with 
orange-yellow on reverse side; medium 
becomes colored yellowish to yellowish- 
rose. 

Synthetic asparagine solution: Long 
branching filaments, 0.6 micron in di¬ 
ameter. Thicker aerial mycelium pro¬ 
ducing irregular spores; flaky growth 
dropping to bottom of tube. Surface 
growth becomes covered with yellowish- 
white aerial mycelium; brownish on 
reverse side; soluble pigment yellowish. 

Peptone solution: Rapid, much folded 
growth, partly covered with w'hite my¬ 
celium on surface of medium; soluble 

yellow-ochre pigment. 

Milk: Rapid growth becoming covered 
with whitish aerial mycelium; never fully 
covering the surface; no coagulation; 
peptonization begins slow'ly and is com¬ 
pleted in 13 days,liquid becoming colored 

yellowish-orange. 


Coagulated serum: Cream-colored 
growth of surface becoming covered with 
white aerial mycelium; rapid liquefaction 
of serum. 

Starch medium: Cream-colored growth 
rapidly colored with yellow aerial myce¬ 
lium ; after 20 days growth becomes much 
folded; greenish on reverse side; slightly 
amber color in medium. 

This strain is closely related to Strepto- 
mijces albus. Develops iX)orly on 
Czapek's medium without asparagine. 
Source: From dust. 

37. Streptomyces poolensls (Tauben- 
haus) comb. now. {Actinomyces poolen- 
sis Taubenhaus, Jour. Agr. Res., 13, 
1918,446.) Named for Prof. R. F. Poole, 
plant pathologist. 

Description from Waksman, Soil Sci., 
8, 1919, 140. 

Fine, branching mycelium; spirals 
usually not seen. Conidia oval to ellipti¬ 
cal. 

Gelatin stab: Liquefied, with small, 
brownish flakes in fluid. 

Synthetic agar: Thin, colorless, spread¬ 
ing growth. Aerial mycelium w'hite to 
gray. 

Starch agar: Restricted, cream-colored 
growth. 

Glucose agar: Growth abundant, light 
brown, glossy, raised center, entire. 

Plain agar: Yellowish, translucent 
growth. 

Glucose broth: Thin, brownish ring. 
Litmus milk: Brownish ring; coagu¬ 
lated ; peptonized, with strongly alkaline 
reaction. 

Potato: Thin, reddish-brown; medium 
becoming purplish. 

Nitrites produced from nitrates. 

Faint trace of soluble brown pigment. 
Starch not hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source; Associated with disease of 
sweet potato. 
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38. Streptomyces olivaceus (Waks* 
man) comb. nov. (Actinomyces 206, 
Waksman, Soil Science, 7, 1919, 117; 
Actinofnyces olivaceus Waksman, in Man¬ 
ual, 1st ed., 1923, 354.) From Latin, 
olive-colored. 

Small clumps, with straight and 
branching hyphae. No spirals on most 
media. Conidia spherical and oval, 0.9 
to 1.1 by 0.9 to 2.0 microns. 

Gelatin stab: Liquefied with cream- 
colored, flaky, yellow sediment. 

Synthetic agar: Growth abundant, 
spreading, developing deep into medium, 
yellow to olive-ochre, reverse yellow to 
almost black. Aerial mycelium mouse- 
gray to light dmb. 

Starch agar: Thin, yellowish-green, 
spreading growth. 

Glucose agar: Growth abundant, re¬ 
stricted, entire, center raised. 

Plain agar: White, glistening growth. 
Glucose broth: Sulfur-yellow ring. 
Litmus milk: Faint, pinkish growth; 
coagulated; peptonized, becoming alka¬ 
line. 

Potato: Growth abundant, much 
wrinkled, elevated, gray, turning sulfur- 
yellow on edge. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 
Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

39. Streptomyces lleskel (Duch^) 
comb. nov. {Actinomyces lieskei Duch^, 
Encyclopedic Mycologique, Paris, ff, 
1934, 289.) Named for Prof. Lieske of 
Leipzig. 

Gelatin: Cream-colored growth be¬ 
coming covered with white aerial myce¬ 
lium; no soluble pigment. Rapid 
liquefaction. 

Plain agar: Cream-colored growth be¬ 
coming covered with white aerial myce¬ 
lium; yellowish soluble pigment. 

Synthetic agar: Cream-colored growth 
with delayed white aerial mycelium grow¬ 
ing from the edge toward the center; 


mycelium later yellowish. Reverse of 
growth yellowish to green. Dirty yellow 
to yellow-green soluble pigment. 

Synthetic solution: Long branching 
filaments 0.7 micron in diameter. Yel¬ 
lowish-white aerial mycelium does not 
readily produce spores; flakes drop to 
the bottom of the tube. 

Peptone solution: Cream-colored colo¬ 
nies on surface with flakes in the liquid 
dropping to the bottom of the tube. 
Liquid becomes yellowish in color. 

Tyrosine medium: Rapid growth on 
surface with whitish-yellow aerial myce¬ 
lium; yellowish to orange-yellow soluble 
pigment. 

Milk: Cream-colored growth; colorless 
on reverse side; no aerial mycelium. 
Peptonization without coagulation. 
After 20 days the whole milk becomes a 

clear yellowish liquid. 

Coagulated serum: Clear-colore 

growth. Rapid liquefaction. 

Culture related to Streptomyces albo- 
fiavus and Streptomyces albidojlavus. 


10. Streptomyces mlcroflavus (Kram* 
y) comb. nov. {Actinomyces micro- 
uws Krainsky, Cent. f. Bakt., ^ ^ 
, 1914, 662; ^^icromonospora microflav 
ichd, Encyclopedic Mycologique. 
Tis.fl, 1934.29.) From Greek micros, 
lall. and Latin flavus, yellow. 

Conidia large, spherical to ’ 

,en in pairs or chains, 2.0 by 2.0 
crons. 

Gelatin colonies: Small, yellow. 

Gelatin stab: Liquefied. 

Plain agar; Yellow colonies, with 
How aerial mycelium in 3 to 4 
Ca-malate agar: Minute yellow colo¬ 
ns. No aerial mycelium. 

Glucose agar: A rose-yellow wna 

lium develops in about ^2 r. 

Starch agar: Same as on 

Glucose broth: Small sphencal colomes 

depth. 

Litmus milk: Peptonized. ^ 

Potato: Yellow growth. No ae 
jrcelium. 

Nitrites produced from mtratea. 



FAMILY STREPTOMYCETACEAE 


951 


Strongly diastatic. 

Scant growth on cellulose. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

41. Streptomyces cacaol (Waksman) 
comb. ncv. {Actinoinyces cacaoi Waks¬ 
man, in Bunting, Ann. Appl. Biol., 19^ 
1932, 515.) Named for the chocolate 
tree {Theobroma cacao). 

Long aerial mycelium with considerable 
spiral formation; the spirals arc long and 
open, not compact. 

Gelatin: Flocculent growth. No aerial 
mycelium. Rapid liquefaction. No pig¬ 
ment production. 

Nutrient agar: Browm-colored growth 
covered with tiny patches of ivory- 
colored aerial mycelium. 

Glucose agar: Tlnn yellowish growth, 
later turning reddish-brown; no soluble 
pigment; light gray to mouse-gray myce¬ 
lium, with white edge. Typical odor 
of streptomyces. 

Czapek’s agar : Same as on glucose agar. 

Potato: Abundant brownish growth 
with white to mouse-gray aerial myce¬ 
lium. 

Biochemical characteristics: Strong 
proteolytic enzymes acting on casein and 
gelatin; strong diastatic action, no sugar 
or dextrin left in I per cent starch solu¬ 
tion after a few days. Limited reduction 
of nitrate. 

Source: Three strains isolated from 
cacao beans in Nigeria. There were 
slight differences among the three strains; 
the above description is of Strain I. 

42. Streptomyces novaecaesareae nom. 
nov. (.Actinoniyces violaceus-cacscri Waks¬ 
man and Curtis, Soil Science, 1, 1916, 
111.) From Nova Caesarea^ Latin name 
for the State of New Jersey. 

Filaments with both straight and spiral 
aerial hyphae;spirals dextrorse. Conidia 
oval to elongate. 

Gelatin stab: Small, cream-colored sur¬ 
face colonies with slow liquefaction. 


Synthetic agar: Growth gray, becoming 
bluish, glossy, much wrinkled. .Aerial 
mycelium appears late; white. 

Starch agar: Restricted, circular, blue- 
ish-violet colonics. 

Glucose agar: llestrictcd, gray growth, 
becoming red. 

Plain agar: Thin, cream-colored 
growth. 

Glucose broth: Fine, colorless, flaky 
sediment. 

Litmus milk: Gray ring; coagulated; 
slow peptonization, becoming faintly 
alkaline. 

Potato: Growth crcam-coIorcd, 

wrinkled, turning yellowish. 

Nitrites produced from nitrates. 

Soluble purple pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated once from upland 
California soil. 

Habitat: Soil. 

43. Streptomyces exfoliatus (Waks¬ 
man and Curtis) comb. nov. (Actino¬ 
myces exfoliatus Waksman and Curtis, 
Soil Science, /, 1916, 116.) From Latin, 
8tripj)cd of foliage. 

Sliglttly wavy filaments with tendency 
to form spirals. Conidia oval, 1.0 to 
1.5 by 1.2 to 1.8 microns. 

Gelatin slab: Crcam-colorcd surface 
growth. Liquefied. 

Synthetic agar: Growth colorless, be¬ 
coming brown, smooth, glossy. Aerial 
mycelium in white patches over surface. 

Starch agar: Restricted, gray growth, 
becoming brow'n. 

Plain agar: Grows only in depth of 
medium. 

Glucose broth; Small, grayish colonies 
in depth. 

Idtmus milk: Cream-colored ring, soft 
coagulum in 12 days; slow peptonization, 
becoming strongly alkaline. 

Potato; Growth somewhat wrinkled, 
gray, becoming brown. 

Nitrites produced from nitrates. 

Brown, soluble pigment formed. 
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Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated several times from 
adobe and upland soils in California. 

Habitat: Soil. 

44. Streptomyces gelaticus (Waks- 
man) comb. 7iov. (.\ctinomyces 104, 
Waksman, Soil Science, S, 1919, 165; 
Actinomyces gelaticus Waksman, in 
Manual, 1st ed., 1923, 356.) From M. L. 
gelaticus, gelatinous. 

Branching mycelium with open spirals. 

Gelatin stab: Liquefied with crcam- 
colored flaky sediment. 

Synthetic agar: Growth colorless, 
spreading, chiefly deep into the medium. 
.Aerial mycelium thin, white, turning 
grayish. 

Starch agar: Thin, spreading, cream- 
colored growth. 

Glucose agar: Abundant, spreading, 
white growth. 

Plain agar: Wrinkled, cream-colored 
growth only on the surface. 

Glucose broth: Thin, cream-colored 
pellicle; slight flaky sediment. 

Litmus milk: Pinkish ring; coagulated; 
peptonized with distinctly alkaline reac¬ 
tion. 

Potato: Growth abundant, much 
wrinkled, greenish, becoming black with 
yellowish margin. 

Nitrates show slight reduction to ni¬ 
trites. 

Soluble brown pigment formed. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25*C. 

Habitat: Soil. 

45. Streptomyces rutgersensls (Waks- 
luan and Curtis) comb. nov. {Aclino- 
myces rutgersensis Waksman and Curtis, 
Soil Science, f, 1916, 123.) Named for 
Rutgers University, New Brunswick, 
New Jersey. 

Branching filaments with abundant 
open and closed spirals; hyphae fine, long, 
branching. Conidia spherical and oval, 


1.0 to 1.2 microns, with tendency to 
bipolar staining. 

Gelatin stab: Cream-colored, spreading 
surface growth. Liquefied. 

Synthetic agar: Growth thin, colorless, 
spreading, becoming brownish to almost 
black. Aerial mycelium thin, white, 
becoming dull-gray. 

Starch agar: Gray, spreading growth. 

Glucose agar: Abundant, brown myce¬ 
lium, becoming black with cream-colored 
margin. 

Plain agar: Thin, wrinkled, cream- 
colored growth. 

Litmus milk: Crcam-colored ring; 
coagulated; slow peptonization, becoming 
alkaline. 

Potato: Abundant, white-gray, much 
folded growth. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

-Aerobic. 

Optimum temperature 37®C. 

Source: Isolated many times from a 
variety of soils. 

Habitat: Common in soil. 


46. Streptomyces lipmanii (Waksman 
id Curtis) comb. nov. {Actinomy^» 
ovianii Waksman and Curtis, So* 
lienee, /, 1916, 123.) Named for Prof. 
G. Lipman.New Jersey Agricultural 

•eperiment Station. , 

Straight, branching mycelium ana 

rphae. Conidia oval, 0.8 to 1.1 by 

1.5 microns. . ^ 

Gelatin stab: Liquefied with crea 

lored, flaky sediment. 

Synthetic agar: Growth nbun^nt, 

ised, colorless, becoming light bro 
id wrinkled. Aerial mycelium white, 

rning gray. . 

Starch agar: Transparent growth, 

ming dark with age. 

Glucose agar: Light yellow, irregular. 

reading growth. j:ati»lv 

Plain agar: Yellow, glossy, radmteiy 

-inkled growth. abun- 

Glucose broth: White ring, with aDU 

nt, colorless flaky sediment. 
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Litmus milk: Cream-colored ring; co¬ 
agulated; peptonization with alkaline re¬ 
action. 

Potato: Abundant, cream-colored, 
wrinkled growth. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25®C. 

Source: Isolated many times from a 
variety of soils. 

Habitat: Common in soil. 

47. Streptomyces halstedii (Waksman 
and Curtis) comb. nov. {Aclino7nyces 
halstedii Waksman and Curtis, Soil 
Science, 1, 1916, 124.) Named for a 
person. 

Branching mycelium and hyphae with 
close spirals. Conidia oval or rod- 
shaped, 1.0 to 1.2 by 1.2 to 1.8 microns. 

Gelatin stab: Liquefied, with small, 
cream-colored masses in bottom of tube. 

Synthetic agar: Growth abundant, 
heavy, spreading, raised, light, becoming 
dark, almost black. Aerial mycelium 
white, turning dull-gray. 

Starch agar: Abundant, brownish, 
glossy growth. 

Glucose agar: Growth spreading, color¬ 
less, wrinkled, center elevated, edge 
lichenoid, becoming brown. 

Plain agar: Kestricted, wrinkled, 
cream-colored growth. 

Glucose broth: Small, colorless colonies 
in bottom of tube. 

Litmus milk: Cream-colored ring; co¬ 
agulated; peptonized, becoming alkaline. 

Potato: Growth abundant, moist, 
wrinkled, cream-colored with green tinge. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Optimum temperature 37®C. 

Aerobic. 

Source: Isolated many times from the 
deeper soil layers. 

Habitat: Common in subsoil. 

48. Streptomyces hygroscoplcus (Jen¬ 


sen) comb. nov. (Actinomyces hygro- 
scopicus Jensen, Proc. Linn. Soc. New 
So. Wales, 56, 1931, 257.) From Greek, 
hygroscopic. 

Hyphae of vegetative mycelium 0.6 to 
0.8 micron in diameter. Aerial hyplme 
long, tangled, branched, 0.8 to 1.0 micron 
in diameter; spirals numerous, sinis- 
trorse, narrow, usually short, only 1 cr 2 
turns, closed, typically situated as dense 
clusters on the main stems of the aerial 
hyphae. Conidia oval, 0.8 to 1.0 by 
1.0 to 1.2 microns. 

Gelatin: Slow liquefaction. No pig¬ 
ment produced. 

Nutrient agar: Good growth. Vegeta¬ 
tive mycelium raised, wrinkled, glossy, 
cream-colored; later yellowish-gray with 
yellowish-brown reverse. Occasionally 
a scant white aerial mycelium. 

Sucrose agar: Good to abundant 
growth. Vegetative mycelium heavy, 
superficially spreading, folded, glossy 
surface, white to cream-colored, later 
sulfur-yellow to yellowish-gray, with 
golden to light orange reverse. Soluble 
pigment of the same color. Aerial niyce- 
lium scant, thin, white or absent. 

Glucose agar: Good growth. Vegeta¬ 
tive mycelium superficially spreading, 
surface granulated, cream-colored to 
straw-yellow, later dull chrome-yellow to 
brownish-orange. Aerial mycelium thin, 
smooth, dusty, white to pale yellowish- 
gray, after I or 2 weeks more or less 
abundantly interspersed with small, 
moist, dark violet-gray to brownish 
patches which gradually spread over the 
whole surface. Light yellow soluble 
pigment. 

Potato: Fair growth. Vegetative my¬ 
celium raised, wrinkled, cream-colored, 
later yellowish-gray to dull brownish. 
Aerial mycelium absent or trace of white. 

Milk: Completely digested in 3 to 4 
weeks at 30®C without any previous co¬ 
agulation. The reaction becomes faintly 
acid (pH 6.0 or less). 

Nitrates not reduced with sucrose a$ 
source of energy. 

Sucrose is inverted. 
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Starch is hydrolyzed. 

Cellulose is decomposed readily by 
some strains. 

Distinctive character: In this species, 
the aerial mycelium (which in other 
actinomycetes is strikingly hydrophobic) 
on certain media (glucose or glycerol 
asparagine agar) becomes moistened and 
exhibits dark, glistening patches. These 
patches, when touched with a needle, 
prove to be a moist, smeary mass of 
spores. This characteristic feature is 
not e«iually distinct in all strains. 

Source: Seven strains isolated from 
soils. 

Habitat: Soil. 

49. Streptomyces fradlae (Waksman 
and Curtis) comb. nov. {Actinomyces 
fradii Waksman and Ciirtis, Soil Science, 
1, 1916, 125.) From the name of a per¬ 
son. 

Straight, branching filaments and hy- 
phae. No spirals. Conidia rod- or oval¬ 
shaped, 0.5 by 0.7 to 1.25 microns. 

Gelatin stab: Cream-colored to brown¬ 
ish, dense growth on liquid medium. 

Synthetic agar: Smooth, spreading, 
colorless growth. Aerial mycelium 
thick, cottony mass covering surface, 
sea-shell pink. 

Starch agar; Spreading, colorless 
growth. 

Glucose agar: Growth restricted, 
glossy, bufT-colored, lichenoid margin. 

Plaiu agar: Growth yellowish, becoming 
orange-yellow, restricted. 

Glucose broth: Dense,narrow, orange- 
colored ring; abundant, flaky, colorless 

sediment. 

Litmus milk: Faint, cream-colored 
ring; coagulated; peptonized, becoming 
alkaline. 

Potato: Restricted, orange-colored 
growth. 

Nitrites not produced from nitrates. 
The pigment formed is not soluble. 
Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 25*C. 


Source; Isolated once from adobe soil 
in California. 

Habitat: Soil. 


50. Streptomyces albofiavus (Waks¬ 
man and Curtis) comb, nov. {Actinomyces 
olbojlavus Waksman and Curtis, Soil Sci¬ 
ence, /, 1916, 120.) From Latin albus, 
white and Jlavus, yellow. 

Straight, branching mycelium, with 
very little tendency to form spirals. 
Very few oval-shaped conidia formed. 

Gelatin slab: Abundant, colorless sur¬ 
face growth. Liquefaction occurs in 35 
days. 

Synthetic agar: Growth glossy, color¬ 
less, spreading, becoming yellowish. 
Aerial mycelium white, powdery, "it 
yellow tinge. 

SUrch agar: Thin, yellowish, spread¬ 
ing growth. . 

Glucose agar: Growth rcstrictea, 
much-folded, creamy with sulfur-yello" 
surface. , 

Plain agar: Restricted, cream-colored 

growth. . , 

Glucose broth: White, cylindrical 

colonics on surface, later flaky mass m 
bottom of tube. 

Litmus milk: Pinkish ring. NocMgu- 
lation. Peptonized, becoming alkaline. 

Potato: Moist, cream-colored, wrinkle 
growth. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 

Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Source: Isolated once from orchard sou- 

Habitat: Soil. 


. Streptomyces albosporeus (Kram- 

I comb. noo. (dc/.nomycea 

eus Krainsky. Cent. f. 

4t, 1914 , 649; Socardia 
Imers and Christopherson. 
p. Med. and Parasit., , 

Lan and Curtis, Soil Scen^J 
, 99.) From Latin albus, white 

jk spora, spore. 
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Straight, branching filaments with 
straight, branching hyphae, and occa¬ 
sional spirals. Conidia spherical or oval, 
0.8 to 1.2 by 1.0 to 1.8 microns. 

Gelatin stab: Growth yellow, changing 
to red, with hyaline margin. Lique¬ 
faction in 35 days. 

Synthetic agar: Growth spreading, 
colorless with pink center, becoming 
brownish. Aerial mycelium white at 
first, later covering the surface. 

Starch agar: Growth thin, spreading, 
transparent, with red tinge. 

Glucose agar: Growth spreading, red, 
wrinkled, radiate, entire. 

Plain agar: Minute, cream-colored 

colonies. 

Glucose broth: Pinkish ring. 

Litmus milk: Scant, pink ring. No 
coagulation. No peptonization. 

Potato: Growth thin, spreading, wrin¬ 
kled, gray, becoming brown with greenish 
tinge. 

Nitrites produced from nitrates. 

The pigment formed is not soluble. 
Starch is hydrolyzed. 

Aerobic. 

Optimum temperature 37®C. 

Habitat: Soil, 

62. Streptomyces flocculus (Duch^) 
comb. nov. (Actinomi/ces flocculus 
Duch4, Encyclopedic Mycologique, 
Paris, 6, 1934, 300.) From Latin, some¬ 
what woolly, referring to the appearance 
of the aerial mycelium. 

Gelatin: Very limited growth. Slow 
liquefaction. 

Asparagine glucose agar: Weak growth; 
limited cream-colored colonics hardly 
raised above the surface of the medium; 
occasionally abundant growth is produced 
with white aerial mycelium and colorless 
on reverse side. 

Czapek’s agar: Cream-colored growth, 
later covered with white aerial mycelium; 
no soluble pigment. 

Peptone agar: Cream-colored growth, 
later covered with white aerial mycelium; 
no soluble pigment. 


Asparagine glucose solution: Branch¬ 
ing immersed filaments, 0.8 micron in 
diameter; aerial mycelium 1.0 by 1.2 
microns with numerous conidia; flakes 
settle to the bottom of the tube. 

Peptone solution: Pointed colonies; 
cream-colored on surface of medium. 

Tyrosine medium: Whitish growth 
without any pigment. 

Milk; Rose-colored growth; slow pep¬ 
tonization. 

Potato: Punctiform growth covered 
with white aerial mycelium; faint yellow¬ 
ish pigment. 

Coagulated serum: Cream-colored 
growth; fine white aerial mycelium; 
slow liquefaction of scrum. 

Source: Culture •obtained from Mr. 
Malcngon, an inspector in Morocco. 

53. Streptomyces melanosporeus 
(Krainsky) comb. nov. {Actinomyces met- 
anvsporeus Krainsky, Cent. f. Bakt., II 
Abt., 41, 1914, 662; Nocardia melano- 
sporca Chalmers and Christophorson, 
Ann. Trop. Med. and Parasit., lO, 1916, 
268.) From Greek mclas, black and 
spora, spore. 

Conidia almost spherical, 1.2 microns 
in diameter. 

Gelatin colony: Small, reddish colo¬ 
nics. 

Gelatin stab: Liquefied. 

Ca-malate agar: Colonies red, with 
black aerial mycelium. 

Glucose agar: Same as on Ca-malate 
agar. 

Starch agar: Same as on Ca-malate 
agar. 

Glucose broth:Flaky, orange-red colo¬ 
nics adherent to glass. 

Litmus milk: Peptonized. 

Potato: Red colonies with black aerial 
mycelium. 

Nitrites produced from nitrates. 

Weakly diastatic. 

Grows well on cellulose. Cellulose is 
decomposed. 

Aerobic. 
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Optimum temperature 25®C. 

Habitat: Soil. 

0 - 1 . Streptomyces melanocyclus (Mer- 
ker) comb. nov. {Micrucoccus mdanucy- 
clus Morker. (Vnt. f. Bakt.. II Abt., 31. 
1911, 589; Aclinomyces melanocyclus 

Krainsky, Cent. f. Bakt., II .\bt., 
1914, (562; Nocurdia mclanocycla Chal¬ 
mers and Cliristcpherson, .\nn. Trop. 
Med. and Parasit., 10, 1916. 268.) From 
Greek rnelaSy black and cyclus, circle. 

Conidia almost spherical, 0.9 micron 
in diameter. 

Gelatin colonies: Growth poor. 

Gelatin stab: Rapid liquefaction. 
Ca-malate agar: Colonies small, flat, 
orange-red. Aerial mycelium black, oc¬ 
curring along the edges. 

Glucose broth: Same as on Ca-malate 
agar. 

Starch agar: Same as on Ca-malate agar. 
Glucose broth: Colorless, spherical 
colonies. 

Litmus milk: Peptonized. 

Nitrites produced from nitrates. 

Good diastatic action. 

Cellulose is decomposed. 

Aerobic. 

Optimum temperature 25®C. 

Habitat: Soil. 

55. Streptomyces acidophilus (Jensen) 
com 6 . nov. {Actinomyces acidophilus 
Jensen, Soil Sci., £5, 1928, 226.) From 
Greek, acid-loving. 

Vegetative mycelium profusely 
branched, hyphae 0.6 to 0.8 micron in 
diameter with homogeneous protoplasm 
and no visible septa. Aerial mycelium 
with hyphae 1.0 to 1.2 microns in di¬ 
ameter, somewhat branched, forming 
either very few or very numerous sin- 
istrorse spirals. Oval conidia 1.0 to 1.2 
by 1.2 to 1.5 microns. 

Gelatin: After 10 days growth very 
scant, thin, colorless, semi-transparent. 

Slow liquefaction. 

Nutrient agar: No growth. 

Glucose agar: Good growth at 25'’C. 
Substratum mycelium raised, somewhat 


wrinkled, colorless in young cultures. 
.Verial mycelium thin, white at first, 
later gray or yellowish-brown. 

Starch agar; Good growth at 25 C. 
Substratum mycelium flat, smooth, color¬ 
less. Aerial mycelium abundant, 

smooth, white. 

Czapek’s agar: No growth. 

Plain broth: No growth. 

Milk: No growth. 

Potato; Growth good, raised, folded. 
No discoloration. 

Nitrites not produced from nitrates 
e.vcept a trace in two strains. 

Diastatic. 

Weakly proteolytic. 

Inversion of sucrose: Negative. 
Distinctive character: The abdity to 

live in acid media only. 

Source: Four strains isolated from 

three acid humus soils. 

Habitat: Acid humus soils. 


6 . Streptomyces rubescens (Jarach) 
lb. nov. {Streptolhrix rufiescens Jarach, 
1. Sez. Ital. Soc. Intern. Microb., , 
1, 43.) From Latin rubescens, be- 

)ing red. . 

Jelatin: No liquefaction; limited non- 

mented growth. 

ilucose agar: I^rgc number o sm 
nd colonies raised in the center ana 
wing together, as well as deep m o 
dium; of a whitish opalescent color. 
Jzapek’s agar: Poor growth, becoming 
mented salmon-red, edge entire, 
lilk agar medium: Rose-cora -co 
ti growth with edge entire, 
troth; Minute flakes, the liquid 
oming reddish-colored. 
lilk: No coagulation and no diges 

ht red coloration of milk. 

•otato plug: Reddish growth, not e. 

sive; opalescent surface. 

ource: From soil. 

7 . Streptomyces 
tr comb. nov. 

lus Gilbert, Ztschr. f. 

• not Actinomyeeo <*‘"^, 007 ; 
.'estnew, Inaug. Diss., M-kow, 1®^. 
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Nocardia tkermophila Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 271.) From Greek 
thermus, lieat and philus, loving. 

Description from Waksman, Umbreit 
and Gordon, Soil Sci., 47, 1939, 49. 

Hypbae straight, conidia formed. 

Gelatin: Liquefaction. 

Czapek’s agar: At 28®C, deep colorless 
growth, thin white aerial mycelium; no 
soluble pigment. 

Starch agar: Yellowish growth with 
white-gray, powdery aerial mycelium. 

Milk: Proteolysis. 

Potato plug: Yellowish growth with no 
aerial mycelium, the plug usually being 
colored browm. 

Starch is hydrolyzed. 

No pigment produced on nutrfent agar 
or gelatin. 

Temperature relations: Optimum 50®C. 
Good growth at 28®C. Usually no 
growth at 60®C. Some strains are in¬ 
capable of growing at 28®C, whereas others 
seem to grow well even at 65®C. 

Aerobic. 

Habitat: Soil, hay, composts. 

58. Streptomyces thermofuscus (Waks- 
man, Umbreit and Gordon) comb. nov. 
(Actinomyces thermofuscus Waksman, 
Umbreit and Gordon, Soil Sci., 47, 
1939, 49.) From Greek thermus, heat 
and Latin fuscus, dark. Presumably 
derived to mean heat-loving and dark in 
color. 

Hyphae spiral-shaped; conidia pro¬ 
duced. 

Gelatin: Liquefaction. At 50®C, a 
grayish ring is produced and soluble pig¬ 
ment is formed. At 28®C, grow'th with 
no soluble pigment. 

Czapek’s agar: Poor growth at 28®C, 
deep-gray, with but little aerial myce¬ 
lium. At 50“C, growth dark to violet, 
with gray to lavender aerial mycelium 
and soluble brown pigment. 

Milk: Proteolysis. 

Potato: Abundant, dark-colored 

growth, no aerial mycelium, or few white 
. patches, dark soluble pigment. 


Starch is hydrolyzed. 

Temperature relations: Good growth 
at 50“ and 60“C. Will grow at 65°C. 
Faint growth at 28“C. 

.Aerobic. 

Distinctive characters: This species is 
distinguished from Streptomyces Ihermo- 
pkilus by the brown-colored aerial myce¬ 
lium on synthetic media, spiral-shaped 
hyphae, and ability to grow readily at 
65“C. 

Habitat: Soils and composts. 

59. Streptomyces scabies (Tha.xter) 
comb. 710 V. (Oospora scabies Tha.xter, 
.Ann. Kept. Conn. Agr. Exp. Sta., 1891, 
153; Actinomyces scabies Gussow, 
Science, N. S. S9, 1914, 431.) From 
I.atin scabies, scab. 

Wavy or slightly curved mycelium, 
with long branched aerial hyphae, show¬ 
ing a few spirals. Conidia more or less 
cylindrical, 0.8 to 1.0 by 1.2 to 1.5 mi¬ 
crons. 

Gelatin stab: Cream-colored surface 
growth, becoming brown. Slow lique¬ 
faction. 

Synthetic agar: Abundant, cream- 
colored, wrinkled, raised growth. Aerial 
mycelium white, scarce. 

Starch agar; Thin, transparent, spread¬ 
ing growth. 

Glucose agar: Restricted, folded, 
cream-colored, entire growth. 

Plain agar: Circular, entire colonies, 
smooth, becoming raised, lichenoid, 
wrinkled, white to straw-colored, opales¬ 
cent to opaque. 

Glucose broth: Ring in form of small 
colonies, settling to the bottom. 

Litmus milk: Brown ring with greenish 
tinge; coagulated; peptonized with alka¬ 
line reaction. 

Potato: Gray, opalescent growth, be¬ 
coming black, wrinkled. 

Nitrites produced from nitrates. 

Brown soluble pigment formed. 

Starch is hydrolyzed. 

Optimum temperature 37®C. 

Aerobic. 

The potato scab organism, like other 
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acid-fast organisms, can be selectively 
impregnated with carbol-auromin and 
when exposed to ultraviolet radiation 
fluoresces bright yellow. This technic 
confirms Lutman’s conclusion that the 
hyphae are intercellular and grow within 
the middle lamellae (Richards, Stain 
Tech., 18, 1043, 91-94). 

Source: Isolated from potato scab le¬ 
sions . 

Habitat; Cause of potato scab; found 
in soil. 

60. Streptomyces ipomoea (Person and 
Martin) comb. nov. {Aclmomyces fpo- 
moea Person and Martin, Phytopath., 
50, 1940, 313.) From M. L. Ipomoea, a 
generic name. 

Onidia on glucose-casein agar: Oval to 
elliptical, 0.9 to 1.3 by 1.3 to 1.8 microns. 

Gelatin: After 25 days at 20°C, scanty 
grow’th, no aerial mycelium; no soluble 
pigment; liquefaction. 

Synthetic agar: Abundant growth, 
mostly on surface of medium, moderately 
wrinkled, olive-yellow. 

Nutrient agar: Moderate growth in the 
form of small, shiny, crinkled colonies 
both on the surface and imbedded in the 
medium, silver-colored. 

Starch agar: Growth moderate, smooth, 
deep in medium, ivory-colored. Aerial 
mycelium white with patches of bluish- 
green. No soluble pigment. Complete 
hydrolysis after 12 days. 

Milk: Growth in form of ring; hydroly¬ 
sis, without visible coagulation. 

Potato: Growth moderate, light brown, 
shiny, wrinkled. No aerial mycelium. 

No soluble pigment. 

Nitrites are produced from nitrates. 
Starch is hydrolyzed. 

No growth on cellulose. 

Source: From diseased sweet-potato 
{Ipomoea sp.) tubers and small rootlets 
from several localities in Louisiana. 

61. Streptomyces fordil (Erikson) 
comb. nov. {Actinomyces fordii Erikson, 
Med. Res. Counc. Spec. Kept. Ser. 203, 
1936,16 and 36.) Presumably named for 


the surgeon who first secured the culture. 

Mycelium: Filaments of medium 
length, no spirals or markedly wavy 
branches. Sliort, straight, sparse aerial 
mycelium. Small oval conidia on potato 

agar and starch agar. 

Gelatin: No visible growth, slight 
softening in 20 days; half-liquefied after 
40 days. 

Agar: Small, creamy-golden, ring- 
shaped colonies, and heaped-up patches, 
becoming golden-brown in color and 

convoluted. 

Glycerol agar: Extensive, golden- 
brown, convoluted, thin layer. 

Serum agar: Golden-brown ring-shaped 
and coiled smooth colonics; no iiqucfac- 

tion. , 

Ca-agar; Yellow, scale-like closely ad¬ 
herent colonies; scattered white aerial 
mycelium. 

Blood agar: Innumemble small yellow¬ 
ish ring-shaped colonies; no hemolysis. 

Broth: Few flakes at first; later abun¬ 
dant coherent puffball growth. 

Synthetic sucrose solution: Moderate 
sediment of minute round white coloniM- 
Synthetic glycerol solution: Lig 
white fluffy colonies, minute and m clus- 

^*^?nspissated serum: Innumerable color¬ 
less pinpoint colonies; scant white aena 
mycelium; after 15 days colonies lar^, 
hollow on reverse side; margin depressed, 
no liquefaction. 

Dorset’s egg medium: Minute, ere 
colored, elevated eoloniea, becoming 

golden-brown, raised, . 

Milk: Coagulated; brownish surfac 


dtrnus milk : No change in 
•otato plug: Yellowish growth in thin 
., terminal portion tending to be pi 
, scant white aerial mycelium at top 

dant; after 12 days, ! 

den-brown, confluent, part y 
nbed, partly piled up. 
itarch not hydrolyzed. 

Tyrosine agar: Reaction ne^U^ ^ 
Source; Human spleen m a case 

loluric jaundice. 
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62. Streptomyces africanus (Pijpcr 
and Pullingor) comb. 7iov. {Sucardta 
africana Pijpor and l^ullinger, Jour. 
Trop. Med. and llyg-, SO, 1927, 153; 
Aclinomyces africanus Nanniz;'i, in ]N)1- 
laci, Tratt. Micopat. Uniana, 4, 103-t, S.) 
From Latin Africanus, relating to Africa. 

Description from Erikson, Mcil. Ucs. 
Counc. Spec. Kept. Scr. 203, 1935, IS. 

Unicellular branching mycelium form¬ 
ing small dense pink colonies with short 
straight sparse white aerial mycelium. 

Gelatin: Irregular pink flakes; no 
liquefaction. 

Agar; A few flat pink discoid colonics. 
Glucose agar: Minute red discrete 
round colonie.s and piled up paler pink 
mass with thin white aerial mycelium. 

Glycerol agar: After 2 weeks, small 
hcaped-up colorless masses with pink 
tinge around the colorless colonies, mar¬ 
gin depressed; after 5 weeks, abundant, 
piled up, pale pink growth. 

Ca-agar: After 1 week, small, round, 
colorless colonies with red centers, mar¬ 
gins submerged; after 2 weeks, growth 
bright cherry-red, confluent, with color¬ 
less margin. 

Dorset’s egg medium: Small colorless 
blister colonies, partly confluent; be¬ 
coming wrinkled, depressed into medium; 
slight liquefaction. 

Serum agar; Irregularly round, raised, 
wrinkled, colorless colonies; becoming 
dry, pink and flaky; later piled up, 
brownish, friable. 

Inspissated serum: After one week, 
smooth, round, colorless colonics with 
submerged margin, in confluent patches 
pink and pitted into medium; after 2 
weeks, medium broken up, slight lique¬ 
faction; after 3 weeks, liquid dried up, 
colonies umbilicated, raised, dry and 
friable. 

Broth: Small pink colonies embedded 
in coherent flocculcnt mass. 

Synthetic sucrose solution: Small pink 
granules in sediment after 1 week; 
colonies of medium size, coherent, after 
3 weeks. 

Potato agar: Bright red growth, small 


round colonics wilh colorless submerged 
margijis, and piled up patches with stiff 
sparse white aerial mycelium. 

Litmus milk; Bright red surface 
growth, lujuid unchanged after one 
nionlli; li(piid opacpic reddish-purple 
after 2 months; hydrolyzed, clear wine- 
red after 3 months. 

Source; From a case of mycetoma of a 
foot in South Africa. 

C3. Streptomyces gallicus (Erikson) 
comb. nuv. {Actinomyces yalheus Erik¬ 
son, Med. Res. Counc. Spec. Rept. Ser. 
203, 1935, 36.) From Latin gatUcus, of 
the Gauls (French). 

Description from Erikson {loc. cit., 
p. 24). 

Mycelium shows lateral highly refrac¬ 
tive bodie.s which appear almost identical 
wilh the singly situated spores found in 
Micromunospora chalceae. 

Gelatin: Scant irregular pink growth; 
liquefaction very slow, only slight degree 
in 20 days. 

Agar: A few transparent minute pink 
colonics; growth becomes partly con¬ 
fluent. 

Glucose agar: No growth. 

Glycerol agar: No growth. 

Czapek’s agar; No growth. 

Coon's agar: Minute colorless to pink¬ 
ish colonics. 

Ca-agar: Glossy pink pinhead colonies. 

Potato agar; Pale pink, moist, granular 
growth. 

Scrum agar; Pinpoint colonies, pink, 
shining. 

Blood agar: Abundant growth, minute, 
discrete, round, pink colonics, some 
aggregated in confluent narrow bands. 
No hemolysis. 

Dorset’s egg medium: Minute colonics, 
becoming confluent, tangerine-colored. 

Inspissated scrum: Abundant, pink, 
membranous growth, becoming reddish- 
brown; later discrete colonics at margin, 
clear on reverse side. No liquefaction. 

Broth: Pinkish flakes. 

Synthetic sucrose solution: A few fine 
white flocculi. 
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Synthetic glycerol solution: A few* 
small round white colonies. 

Milk: Coagulated; peptonized; yel¬ 
lowish-pink surface ring. 

Litmus milk: No coagulation or pep¬ 
tonization; no change in color. 

Potato plug: Very slow growth, a few 
minute translucent pink colonies after 
IG days; after 21 days, considerable in¬ 
crease in number of colonies, still small 
and discrete. After 2 months, colonies 
1 to 2 mm in diameter, bright coral, 
tending to be umbilicated and heaped up. 

Tyrosine agar: Reaction negative. 

Source: From blood culture in a case 
of Banti’s disease. 

64. Streptomyces pelletierl (Laveran) 
comb. nov. {Micrococcus pelletieri Lav¬ 
eran, Compt. rend. Soc. Biol., Paris, 
61, 1906, 340; Oospora pelletieri Thiroux 
and Pelletier, Bull. Soc. path, e.xot., 5, 
1912, 585; A'oeardi'a pelletieri Thiroux, 
see Pinoy, Bull. Inst. Past., II, 1913, 
935; Discomtjees pelletieri Brumpt, Precis 
de Parasitol., Paris, 2nd ed., 1913, 970; 
Actinomyces pelletieri Brumpt, ibid., 
4th cd., 1927, 1204.) Named for M. 
Pelletier who first isolated this species. 

Description from Erikson, Med. Res. 
Council Spec. Kept. Ser. 203, 1935, 21. 

Thiroux and Pelletier (Bull. Soc. path, 
exot., 6, 1912, 585) considered that their 
cultures resembled Nocardia wiadurae, 
but they grew the organism only 
on Sabouraud’s gelatin, on which it 
appeared in a constantly red, easily de¬ 
tachable form. Socardia indica was 
regarded as identical by Pinoy, although 
in the original description by Laveran the 
organism was called Micrococcus pelle- 
tieri, owing to the fact that no mycelium 
was seen, merely coccoid bodies. No¬ 
cardia genesii Froes (Bull. Inst. Past., 
S9, 1931; 1158) is described as closely 
allied, the distinction being founded 
upon the fact that the red grains were 
smaller in size and much more numerous, 
but no cultural details are given. 

Mycelium composed of slender straight 
and not very long filaments, formingsmall 


dense pink colonies with a few short 
straight isolated aerial branches. 

Gelatin: Slight liquefaction; few' pink 
Hakes; later almost completely liquefied. 

Agar: Minute colorless colonies and 
piled up pale pink masses. 

Glucose agar: Poor growth, a few 
minute pink colonies. 

Glycerol agar: Poor growth, a few moist 
pink colonics. 

Ca-agar: Colorless small colonies; after 
1 week, confluent skin, pink, buckled, 

medium discolored later. 

Coon’s agar: Poor growth, cream- 
colored with pink center, mostly sub¬ 
merged. 

Potato agar: Colorless blister colonies; 
after 3 weeks, colonies larger, showing 
concentric zones, submerged margins 
and occasional zone or tuft of white 
aerial mycelium, pinkish coloration. 

Dorset’s egg ritedium; Abundant, 
wrinkled, pink skin with small discrete 
colonies at margin in six days; later 
surface rough, mealy; considerable lique 

faction in 17 days. , 

Serum agar: Moist cream-coloreti 

growth tending to be heaped up, ^*®*^*^f 
colonies at margin; becoming umbili- 

cated. . , 

Inspissated serum: Round, moisi. 

colorless colonies. . , 

Blood agar: At first a few pinhead, 

cream-colored colonics, no hemolysis, 
later colonies dense, button-shaped, 
with narrow fringed margin. 

Broth: Small, minute, pink, cluste 


0S b 

ithetic sucrose solution: Small, pm 
es in sediment; later minute co- 

adhering to side of tube. 

k: Soft curd; half-digested; pep 

tion complete in 20 days. 

ous milk: Pink surface growth- 

olid. no color change; after 20 days, 

um cleared, liquid purple. 

ito plug: After one month gro 

, yeno«-ish-pink. 
ortions with 

ium; after 6 months ^ 

piled up small rounded P 
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masses, scant white aerial mycelium 
persistent. 

Source ; From a case of crimson-grained 
mycetoma in Nigeria (K. C. Smith, 
Trans. R. Soc. Trop. Med. Hyg., ^3, 
1928,157). 

Habitat: Human infections so far as 
known. 

65. Streptomyces lister! (Erikson) 
com6. nov. (Aclinomyces listen Erikson, 
Med. Res. Council Spec. Kept. Ser. 203, 
1935, 36.) Named for Dr. Joseph Lister, 
the father of antiseptic surgery. 

Description from Erikson (loc. cit., 
P. 23). 

Long slender filaments, many loosely 
wavy, forming a dense spreading my¬ 
celium which rapidly grows into a mem¬ 
brane on most media. Aerial mycelium 
very slow and inconstant in appearance, 
short and straight, conidia oval. 

Gelatin: Slight liquefaction; round 
white surface colonics; after 45 days, 
confluent skin, almost completely lique¬ 
fied. 

Agar: Smooth, round, moist, cream- 
colored, margin depressed, center ele¬ 
vated, closely adherent; becoming um- 
bilicated, with a myceloid margin. 

Glucose agar: Cream-colored, glisten¬ 
ing, pinpoint colonies; later aggregated 
in convoluted skin. 

Glycerol agar: Abundant, moist, 
cream-colored growth, colonies elevated, 
piled up; powdery white aerial mycelium. 
After 20 days, skin deeply buckled; 
colorless with exuded drops. 

Ca-agar: Poor growth, a slight biscuit- 
colored membrane. 

Potato agar: After one week, extensive 
growth, colorless submerged colonies, 
warted surface; dirty pink coloration 
after 2 weeks; scant white aerial my¬ 
celium after 4 months. 

Dorset’s egg medium: No growth. 

Blood agar: Small, round, cream- 
colored colonies, smooth translucent 
surface; no hemolysis. 

Serum agar: Small, irregular, moist, 
cream-colored colonies, tending to be 


heaped up; later somewhat transparent. 

Inspissated serum: Abundant growth, 
colorless shiny colonics, centrally ele¬ 
vated, becoming confluent. 

Hrotli: Small, round, white colonies in 
sediment. 

Glucose broth: Small, white, nodular 
colonies; later abundant llocculi. 

Synthetic sucrose solution: Delicate 
white colonies in suspension and in 
sediment. 

Litmus milk: Coagulation. No change 
in reaction. 

Potato plug: Abundant, dull, brown¬ 
ish, wrinkled skin with white aerial 
mycelium; large, stellate, fluffy, white 
colonies in liquid at base. 

Source: From human material. Strain 
from Lister Collection. 

Habitat: From human infections so far 
as known. 

6G. Streptomyces upcottii (Erikson) 
comb. nov. (A new pathogenic form of 
Strepiothrix, Gibson, Jour. Bact. and 
Path., 23, 1920, 357; Actinomyces upcottii 
Erikson, Med. Res. Council Spec. Rept. 
Ser. 203, 1935, 3G.) Named for Dr. 
Harold Upcott, the surgeon wlio first 
secured the culture. 

Description from Erikson {loc. cit., 
P-22). 

Filaments characteristically long, 
straight, much interwoven and ramified; 
typical unicellular mycelium, usually 
forming medium to large heavy carti¬ 
laginous colonies. Gibson states that 
the threads vary in thickness and show 
septa, but this has not been confirmed. 
A very slight transient aerial mycelium 
appeared on one agar slope, but this has 
not been repeated on any slide micro- 
cultilre on any medium. Slightly acid- 
fast. 

Gelatin: Abundant flocculent growth 
along streak, round cream-colored 
colonies on surface. Partly liquefied in 
14 days; complete liquefaction in 2 
months. 

Agar: Smooth, shining, round, cream- 
colored colonics, margin submerged, 
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scant white aerial mycelium in one week; 
colonics large (up to 10 mm in diameter), 
centers elevated, greenish tinge, very 
sparse aerial mycelium in two weeks; the 
aerial mycelium disappears and large 
radial grooves appear in most colonies in 
3 weeks. 

Glucose agar: Smooth, round, cream- 
colored colonies, margin depressed, cen¬ 
ters elevated, hollow on reverse side; 
later a coherent membranous growth, 
piled up, yellowish. 

Glycerol agar: Small, round, cream- 
colored, glistening colonies, heavy tc.x- 
turc, margins submerged; later, colonies 
umbilicated, tending to be piled up; after 
6 weeks, growth very much convoluted 
and raised, broad submerged margin, 
slightly reddish medium. 

Coon’s agar: Small, radiating, white 
colonies, growth mo.slly submerged. 

Ca*ag:ir: Small, colorless membranous 
growth with undulating margin; later, 
centrally depressed into medium. 

Potato agar: Poor growth, small, color¬ 
less blister colonies, medium slightly 
discolored. 

Dorset’s egg medium: Round, flat, 
colorless, scale-like colonies, some marked 
by concentric rings and slightly hollowed 
in center; growth becomes yellow-brown. 

Serum agar: Large colonics (3 to 4 mm 
in diameter), colorles-s, granular, cen¬ 
trally elevated, depressed at margin, re¬ 
sembling limpets. 

Blood agar: Large drab heavily tex¬ 
tured colonies; no aerial mycelium; no 
hemolysis. 

Broth: Large coherent mass composed 
of fluffy colonies. 

Synthetic sucrose solution: Fair 
growth, minute white colonies. 

Carrot plug: Colorless, spreading, 
moist, wrinkled growth in six weeks; 
later a dull greenish-brown, moist, very 
much wrinkled and depressed skin. 

Source: From the spleen in a case of 
acholuric jaundice. 

Habitat: From human infections so 
far as known. 


67. Streptomyces hortonensls (Erik- 
son) comh. nov. {Adinomyces horton 
Erikson, Med. Re.«. Ckmneil Spec. Rept. 
Scr. 203, 1935, 36.) Named for the 
Horton War Ihispital at Epsom, England 
from which the culture was obtained. 

Description from Erikson {loc. cil.t 


P-22). 

Typical germination into very slow 
growing unicellular mycelium comp<»sed 
of long slender straight branching fila¬ 
ments. Very sparse straight aerial my¬ 
celium produced only once on potato. 
Non-acid-fa.st. 

Gelatin: Round cream-colored colonies 
on surface and a few mm below. No 
liquefaction. 

Agar: Very slow growth, a few smooth 
crcam-colored coiled colonies in 19 days; 
after 2 months, liberal, irregular, convo¬ 
luted growth. 

Gluco.se agar; Coiled and heaped up 
crcam-colored translucent masses; after 
2 months, growth rounded, elevated, 
ridged outwanLs from hollow center. 

Glycerol agar: Coiled, colorless, lus¬ 
trous patches, isolated colony with cen¬ 
tral depression. 

Scrum agar: Poor growth, small amor¬ 
phous cre.am-colorcd mass. 

Inspissated serum; Intricately coilc 
cream-cnlorcd growth. No liquefaction. 
Broth: Flakes. 

Synilietic sucrose solution: Poor 

growth, a few flakes. 

Synthetic glycerol solution: Delicate 

white flocculi at base. 

Litmus milk: Green surface growth, 
liquid hydrolyred, partly clear purple; 

later decolorized, brown. 

Potato agar: Colorless blister colonies 

in one week; dull green heaped and coi e 
ma-s-s after 3 weeks; medium becomes 


htly discolored. 

orato plug; After 3 weeks abundant, 
iricss, umbilicated, round 
ic coiled in raised masses; later, i ^ 
e-green growth, piled up, 

^ety gray-green aerial 
of slant, small round fluffy 
inies in liquid at base. 
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Source: From pus containing typical 
actinomycotic granules from parotid 
abscess. 

Habitat; From human infections so 
far as known. 

68. Streptomyces gibsoaii (Erikson) 
comh, twv. (Aclinomyccs gibsonii Erik- 
son, Med. Res. Council Spec. Rept. Ser. 
203, 1935, 36.) Named for Prof. Gibson 
of O.xford. 

Description from Erikson {loc. cit., 

p. 15). 

Young growing mycelium branches 
profusely at short intervals; later grows 
out into long frequently wavy filaments; 
twisted hyphae also seen on water agar. 
Power of producing aerial mycelium 
apparently lost. 

Gelatin: Dull white flakes sinking as 
medium liquefies; liquefaction complete 
in 12 days. 

Agar: Small, cream-colored, depressed, 
partly confluent colonies, becoming an 
extensive wrinkled cream-colored skin. 

Glucose agar: Cream-colored wrinkled 
membranous growth. 

Potato agar: Wrinkled glistening mem¬ 
branous growth. 

Serum agar: Small moist cream-colored 
colonics growing into medium. 

Dorset’s egg medium: Small, round, 
smooth, colorless colonics with conically 
elevated centers. 

Inspissated serum: Innumerable color¬ 
less pinpoint colonies with scant white 
aerial mycelium at top; after 8 days, a 
coherent wrinkled skin with brownish- 
red discoloration at reverse, medium be¬ 
coming transparent; completely lique- 
fied, pigmented brown in 15 days. 

Blood agar: Yellowish confluent bands, 
irregularly wrinkled, with small discrete 
colonies, clear hemolytic zone. 

Broth: Sediment of flocculi, some round 

and fan shaped colonies. 

Synthetic sucrose solution; Very deli¬ 
cate white flocculi. 

Potato plug: No growth. 

Starch not hydrolyzed. 

Milk: Coagulated; partly peptonized. 


Tyrosine agar: Negative reaction. 

Source: From the spleen in a case of 
acholuric jaundice. Injected into a mon¬ 
key, and reisuhUed. 

llabilat: Prom human infections so 
far as known. 

09. Streptomyces beddardii (Erikson) 
comb. nov. {ActinomycLS beddardii Erik¬ 
son, Med. Res. Council Spec. Rept. Scr. 
203, 1935, 36.) I’resumably named for 
the surgeon who first secured the culture. 

Dcscripiion from Erikson {loc. cit., 
p. 13). 

Rapidly growing, dense, spreading 
mycelium composed of very long slender 
filaments, many wavy or closely coiled, 
particulaily on glucose agar; spirals less 
marked or lacking on poorer milrilivc 
media like synthetic glyccn 1 agar or 
water agar. Aerial mycelium sparse, 
short, straight on synthetic glycerol 
agar, much slower and more plentiful on 
glucose agar; later shows long, very fine 
spirals breaking up into small oval co- 
nidia; aerial hyphae stniighter and more 
branched with shorter conidiophorcs on 
starch agar. Non-«cid-fast. 

Gelatin: Dull white flakes sinking to 
bottom as medium liquefies; liquefaction 
complete in 8 days. 

Agar: Colorless, coherent, wrinkled, 
membranous growth with submerged 
margin; after 3 months, medium dis¬ 
colored, scant w'hitc aerial mycelium 
at top. 

Glucose agar: Wrinkled membranous 
growth; after 2 months, scant w’hite 
aerial mycelium. 

Glycerol agar: Small, cream-colored, 
discrete colonics becoming confluent, 
under surface much buckled. 

Potato agar: Moist, crcam-colorcd skin, 
convoluted, closely adherent. 

Ca-agar: Extensive, moist, cream- 
colored, W'rinkled, membranous growth. 

Coon’s agar: Scant, crcam-colored, 
membranous growth. 

Starch agar: Spreading, colorless 
growth, considerable white aerial my¬ 
celium. 
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Blood agar: Hemolj’sis. Growth in 
uniformly striated colorless bands, occa¬ 
sional round colonies at margin. 

Dorset’s egg medium: Extensive, very 
wrinkled, membranous growth, surface 
bright yellow. After 2 months, consider¬ 
able liquefaction. 

Serum agar: Wrinkled, glistening, 
cream-colored, membranous growth. 

Inspissated scrum; Colorless smeary 
growth, reverse becoming transparent, 
starting to liquefy at base; completely 
liquefied and brown in 12 days. 

Broth; Suspended and sedimented 
colorless flocculi, some small round 
colonics. 

Synthetic sucrose solution: Abundant 
white colonies in coherent mass near 
bottom of tube; large shell-shaped 
masses. 

Synthetic glycerol solution: At first, a 
few round white colonies in suspension; 
later, large branched feathery mass at 
bottom. 

Milk: Coagulated; later peptonized. 

Litmus milk: Medium deep blue, be¬ 
coming hydrolyzed to clear purple. 

Potato plug: Colorless moist membra¬ 
nous growth with scant white aerial my¬ 
celium at top of plug. 

Starch is hydrolyzed. 

Tyrosine agar; Reaction negative. 

Source; Human spleen in a case of 
spleenic anemia. 

Habitat: From human infections so 
far as known. 

70. Streptomyces kimberi (Erikson) 
comb. nov. {Actinomyces kimberi Erik¬ 
son, Med. Res. Council Spec. Rept. Ser. 
203, 1935, 36.) Presumably named for 
the surgeon who first secured the culture. 

Description from Erikson {loc. cit.y 

p. 14). 

Mycelium of long straight profusely 
branching filaments forming circum¬ 
scribed colonies on all media with abun¬ 
dant production of short straight and 
branched aerial mycelium; small round 
conidia. Non-acid-fast. 

Gelatin: Liquefied. Smooth shining 


colonies becoming powdery white with 
aerial mycelium, floating on liquefied 
medium. No pigmentation. 

Agar: Smooth round moist cream- 
colored colonies, 1 mm in diameter; after 
17 days, white powdery aerial mycelium. 

Glucose agar: Discrete cream-colored 
colonies becoming confluent, white aerial 
mycelium. 

Glycerol agar; Miist cream-colored 
colonies becoming confluent, w’hite aerial 


mycelium. 

Potato agar: Extensive growth covered 
by white powdery aerial mycelium; large 

colorless e.xuded droplets. 

Wort agar; Heavy brownish lichenoid 
:oIony; after 30 days, a white aerial 
mycelium. 

Ca-agar: Dull cream-colored scaly 
growth, covered by chalky white aerial 
mycelium. 

Coon’s agar: Extensive growth, white 
lerial mycelium in annular arrangement. 
Czapek’s agar: Small colonies covered 

vith white aerial mycelium. 

Blood agar; Many large colonies, cream- 

colored, tough, smooth, glistening, 
margin depressed; no hemolysis. 

Serum agar: Moist, cream-colored 
Honeycombed skin, scant white aeria 

mycelium. . 

Dorset’s egg medium: Closely adherent 

icale-like colonies, centrally elevated, 
,vith white aerial mycelium. 

Inspissated serum: Rapid spreading 
rrowth, discrete round colonies at margm. 
lompletely covered with white ae 
mycelium, colorless transpired rope, 

ilight softening at base. 

Broth: Small round colonies 
nent in 2 days; supernatant ^olom 
vith white aerial mycelium and la^ 
lollow flakes in sediment in 15 days, 
tccasional reddish-brown coloration. 

Synthetic sucrose solution: 
vhite colonies at bottom; later smm 
tellate colonies in suspension and a i 
upernatant with white aerial "'y*? ’ j 
Synthetic glycerol solution: B 
vhite colonies at bottom; later 
nulberry-like mass composed of nu 
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round portions; after 15 days, irregular 
wispy flocculi and large coherent mass. 

Milk: Coagulation; no peptonization; 
initial pinkish-brown ring descends until 
medium is dark brown throughout 
(2 months). 

Litmus milk: Blue coloration, hydro¬ 
lyzed to clear purple in 2 months. 

Starch not hydrolyzed. 

Tyrosine agar: Reaction negative. 

Source: Blood culture of a woman with 
acholuric jaundice. 

Habitat: From human infections so 
far as known. 

71. Streptomycessomaliensls (Brumpt) 
comb. nov. {Indiella sojnaliensis Brumpt, 
Arch. Parasit., Paris, 10, 1906. -1S9; 
Discomyces somaliensis Brumpt. Precis 
de Parasitologic, Paris. ‘2iid cd., 1913, 
967; Inditllupsis somaliensi.'i Brumpt, 
ibid.; Nocardia soinalicnsis Chalmers 
and Christopherson. .\nn. Trop. Med. 
and Parasit.. 10, 1916. 239; Slreplothrix 
somaliensisMiescher, .\ich. Derm. Syph¬ 
ilis. 124, 1917, 297; Actinomyces somalien- 
sis St. John-Brooks, Med. Res. (’ouncil 
Syst. of Bact., London, 8, 1931, 75.) 
Named for the country of origin. French 
Somaliland. 

Description from Erikson (Med. Res. 
Council Spec. Rept. Ser. 203, 1935, 17). 

Simple branching unicellular mycelium 
with long straight filaments, forming cir¬ 
cumscribed colony crowned with short 
straight' aerial mycelium. 

Gelatin: Cream-colored colonies, me¬ 
dium pitted; complete liquefaction in 
10 days; hard black mass at bottom. 

Agar: Abundant yellowish granular 
growth with small discrete colonies at 
margin; later growth colorless, colonies 

umbilicated. 

Glucose agar: Poor growth, moist 
cream-colored elevated patch. 

Glycerol agar: Abundant growth, 
minute round to large convoluted and 
piled up masses, colorless to dark gray 
and black. 

Ca-^ar: Round cream-colored colonies, 
depressed, umbilicated, piled up, thin 


white aerial mycelium; colonics become 
pale brown. 

Potato agar: Small round colorless 
colonies, zonate margin depressed, con¬ 
fluent portion dark greenish-black. 

Blood agar: Small dark brown colonies, 
round and umbilicated, piled up con¬ 
fluent bands, reverse red-black; hemol¬ 
ysis. 

Dorset’s egg medium: Extensive color¬ 
less growth, partly discrete; becoming 
opaque, cream-colored, very wrinkled; 
later rough, yellow, mealy, portion liquid. 

Serum agar: Spreading yellow-brown 
skin, intricately convoluted. 

Inspissated serum: Cream-colored 
coiled colonics, medium pitted, trans¬ 
parent and slightly liquid. 

Broth: A few round white colonies at 
surface, numerous fluffy masses in sedi¬ 
ment; later large irregular mass breaking 
into wisps. 

Synthetic sucrose solution; Minute 
round white flulTy colonies in sediment; 
after 17 days, scant wispy growth. 

Milk: Soft semi-liquid co.'igulum which 
undergoes digestion; heavy wrinkled 
surface pellicle, completely liquefied in 
12 days. 

Litmus milk: Soft coagulum, partly di¬ 
gested, blue surface ring; clear liquid 
in 12 days. 

Potato plug: Abundantgrowth, colonies 
round and oval, partly piled up in 
rosettes, frosted with whitish-gray aerial 
mycelium, plug discolored; after 16 days, 
aerial mycelium transient, growth nearly 
black. 

Although Slreplomyces somaliensis has 
been known for a long time, there has 
been until recently no detailed descrip¬ 
tions of the organism beyond the fact 
that it possesses a distinctly hard sheath 
around the grain which is insoluble in 
potash and cau de javelle. The rare oc¬ 
currence of septa and occasional inter¬ 
calary chlamydosporcs is reported by 
Brumpt (Arch. Parasit., 10, 1905, 562), 
but has not been confirmed by Erikson 
(loc. cil .). Chalmers and Christopherson 
(Ann. Trop. Med. Parasit., 10, 1916. 223) 
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merely mentioned the growth on potato 
as yellowish-white and lichenoid with¬ 
out describing any aerial mycelium. 
Balfour in 1911 reported a case but gave 
no data, and Fulleborn limited his de¬ 
scription to the grain (Arch. Schiffs. 
Trop. Hyg., 15, 1911, 131). This species 
was first placed in Indiella, a genus of 
fungi, by Brumpt (1906, loc. cil.). Later 
Brumpt (1913, loc. cit.) proposed a new 
genus or subgenus, Indiellopsis, contain¬ 
ing the single species Indiellopsis 
^omalicnsis. 

Source: Yellow'-grained mycetoma, 
Khartoum (Balfour, 4th Kept. Wellcome 
Trop. Tics, l^b., A. Med., London, 
1911, 365). 

Habitat: This condition has been ob¬ 
served by Baufford in French Somaliland, 
by Balfour (loc. cit.) in the Anglo-Egyp- 
tian Sudan, by Fulleborn (loc. cit.) in 
German So. West Africa and by Chalmers 
and Christopherson (loc. cit.) in the 
Sudan. 

72. Streptomyces panjae (Erikson) 
corn6. nov. (Actinomyces panja Erikson, 
Med. Bps. Council Spec. Kept. Ser. 203, 
1935, 36.) Named for Dr. Panja who 
first secured the culture. 

Description from Erikson (loc. ciL, 

p. 16). 

Unicellular mycelium with slender 
branching filaments; very small round 
colonies; no aerial mycelium visible on 
any medium, but occasional isolated 
aerial branches. Non-acid-fast. 

Gelatin: Complete liquefaction in 

4 days. 

Agar: Colorless irregularly piled up 
convoluted growth; after 1 month, 

easily detachable, brownish. 

Glucose agar: Small colorless coiled 
mass in I week; heaped up green growth 
in 2 weeks. 

Glycerol agar: Poor growth, scant 
colorless patch. 

Ca-agar: Colorless to pink spreading 
growth with minute discrete colonies at 
margin; after 2 weeks, bright red mass, 


buckled and shining, colorless sub¬ 
merged margin. 

Coon’s agar: Small submerged colorless 
growth. 

Potato agar: Small elevated convoluted 
colorless masses with purple tinge in 
center. 

Dorset’s egg medium: Small round 
tough colorless colonies, margin well em¬ 
bedded; after 3 weeks, colonies elevated, 
wanted, darkened, medium discolored 
and broken; slight degree of liquefaction, 

medium dark brown. 

Serum agar: Colorless, glistening, piled 

up, convoluted mass. 

Inspissated serum: Small round blister 
colonies and irregularly convoluted 
patches deeply sunk in pitted medium; 
after 2 weeks, medium transparent, 

slight degree of liquefaction. 

Broth: Flakes and minute colorless 

colonies. 

Glucose broth: Poor growth, scant 

flakes, pinkish. . 

Synthetic sucrose solution: Pinkisn 
flocculi; after 3 weeks, moderate growth, 

minute colorless colonies. 

Milk: Coagulation: pale green surface 
growth; mostly digested in 2 weeks- 

Litmus milk: Soft coagulum, 
changed; after 2 months, mostly digested, 

residue coagulum light purple. 

Source: From an ulcer of the abdomma 

wall, Calcutta. 


3. Streptomyces willmorel 

,b.7wv. (Actinomyces 

, Med. Res. Council Spec. ReP‘ ^ 
, 193S, 36.) Named for Dr. Willm 

5 isolated the culture. 

)escription from Erikson (he. ml.. 

l!Lination usual, but growing 
lular mycelium frequently branch 
very short intervals. Ja. 

iar clubbed and budding for^ 
asional separate round swollen^ 
ich may represent the 

cally long, homogeneo^y w 
erwoven. Aerial mycelium is P«» 
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in most media, with a marked tendency 
to produce loose spirals (water and 
synthetic glycerol agar) with chains of 
ellipsoidal conidia. Thick aerial clus¬ 
ters may also be formed. 

Gelatin: Minute colorless colonies; 
liquefaction. 

Agar: Heavy folded colorless lichenoid 
growth, rounded elevations covered with 
white aerial mycelium; later, submerged 
margin, round confluent growth, aerial 
mycelium marked in concentric zones. 

Glucose agar: Ck)lorlcss wrinkled con¬ 
fluent growth with smooth entire margin, 
large discrete colonics like flat rosettes; 
after 4 months, scant white aerial my¬ 
celium. 

Glycerol agar: Round smooth cream- 
colored colonics, heavy te.xtiire, margin 
submerged, stilT sparse aerial spikes; 
after 3 weeks, colonies large (up to 10 mm 
in diameter). 

Ca-agar: Spreading colorless growth, 
pitting medium, submerged undulating 
margin; very scant white aerial my¬ 
celium. 

Coon's agar: Opaque w’hite growth ex¬ 
tending irregularly (up to 3 mm) into 
medium, margin smooth and submerged, 
center raised, greenish tinge covered 
with white aerial mycelium; after 3 
weeks, margin green, central mass 
covered by gray aerial mycelium. 

Potato agar: Fair growth, partly sub¬ 
merged, covered with grayisli-white 
aerial mycelium; medium becomes <lis- 
colorcd. 

Blood agar: Heavily textured small 
drab colonies, aerial mycelium microscop¬ 
ical; no hemolysis. 

Dorset’s egg medium: Large, round, 
colorless, scale-like colonies, radially 
wrinkled; growth brownish, medium 
discolored in 2 weeks. 

Serum agar: Smooth colorless discoid 
colonies; marked umbilication after 2 
weeks. 


Broth : Large fluffy white hemispherical 
colonies, loosely coherent. 

Synthetic sucrose solution : A few large 
round white colonies with sm(H)lh partly 
20 n:itc margins, lightly coherent in .'pedi¬ 
ment; later smaller colonies in suspension 
attached to side of tube. 

Milk: Coagulation; one-third pep- 
tonizetl. 

Carrot plug: Colorless raised colonies 
with powdery while aerial mycelium; 
after 1 montli, very much piled up. aerial 
mycelium gr.ty; after 2 month.s, super¬ 
abundant growth around back of plug, 
confluent, greatly buckled, all-over gray 
aerial mycelium. 

Source ; Stroptothriensis of liver (Will- 
more, Trans. Uoy Soc. Trop. Med. llyg., 
17, 102-1, 3-1*). 

Habitat: From human infections so far 
as kiiow'u. 

*AppeDdIx: The following names have 
been used for species of filreptomyces. 
Many of them are regarded as new by 
their authors merely because they were 
isolated from a new type of lesion, or 
from some animal other than man. 
Others are inadequately described species 
from air, soil or water. Relationships 
to other better described species are 
usually very obscure. Some of the 
species listed here may belong in the 
appendix to the genus Nocardia. 

Actinomyces aerugineus Wollenweber. 
(Arb. d. Forschungsinst. f. KartolTelUau, 
1920, 16.) From deep scab on potato. 

A ctinomyces albidof uscus N eu ki rcli. 
(Actinomyces albido fuscus Berestnew, 
Inaug. Diss., Moskow, 1897; see Cent. f. 
Bakt., I Abt., e4, 1898, 707; Neukirch, 
Inaug. Diss., Strassburg, 1902, 3.) 
From grain. 

Actinomyces alhidus Duchd. (Ency- 
clopddie Mycologiquc, Paris, 6, 1934, 
266.) 


Actinomyces alboatrus Waksman and 

* - 

•This appendix was originally prepared by Prof. S. A. Waksman and Prof. 
A. T. Henrici, May, 1943; it has been developed further by Mrs. Eleanore Heist 
Clise, Geneva, New York, August, 1945. 
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Curtis. (Soil Science, 1. 1916, 117.) 
From adobe soil. 

Actinomyces alhoviridis Duch^. (En¬ 
cyclopedic Mycologiciue, Paris, 6, 1934, 
317.) 

Actinomyces albus (Rossi Doria) Gas- 
perini. {Streptoinx (sic) alba Rossi 
Doria, .\nri. d. 1st. d’lg. sper. d. Univ. 
di Roma, 1, 1801,421; Streptothrix Kos. 2 
and 3, Almquist, Ztschr. f. Hyg., 8, 
1890, 189; Oospora t/orjac Sauvageau and 
Rjidais, Ann. Inst. Past., (?, 1.892 , 251; 
Actiriomyccs hods nlhus Gasperini, Atti 
Soc. Tosc. Scienz. Xat., P. V., 9, 1894; 
Gasperini, Cent. f. Cakt., 15, 1894, 
685.) A general name applied to the 
most common streptomyces in air and 
water. 

Actinomyces albus asporogenes Berest- 
new. (Inaug. Diss., Moskow, 1897; see 
Cent. f. Bakt., I Abt., 24, 1898, 708.) 

Actinomyces albus var. ochraleucus 
Wollenweber. (Arb. d. Forschungsinst. 
fur Kartoffclbau, 1920, 16.) 

Actinomyces albus - vulgaris Ciani. 
(Quoted from Haldaeci, Boll. Sez. Ital. 
Soc. Internnz. di Microbiol., 5. 1937. 
140.) 

Actinomyces almquisti Duoh6. 
(Duch^, Encyclop<ldie Mycologique, 
Paris, 6, 1934, 278.) From culture 
labeled Actinomyces albus (Krainsky) 
Wuksman and Curtis (Soil Sci., 1, 1916, 
117; said to resemble Streptothrix No. 1, 
Almquist, Ztschr. f. Hyg., 5, 1890, 189). 

Actinomyces alni Peklo. (Cent. f. 
Bakt., II Abt., 27, 1910, 451.) From 
swellings of the roots of Alnus glutinosa. 

Aciitiomyces annulalus Wollenweber. 
(Arb. Forschungsinst. fur Kartoffclbau, 
1920, 16.) From dark-colored potato 

stem. 

Actinomyces (Streptothrix) annulalus 
Beijerinck. (Folia Microbiologica, I, 
1912, 4.) 

Actinomyces aurea (du Bois Saint 
S^vdrin) Ford. (Streptothrix aurea du 
Bois Saint S^v^rin, Arch, de m^d. nav., 
1895, 252; Nocardia aurea Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913,818; Oospora aurea Sartory, Champ. 
Paras. Homme et Anim., 1923,818; Ford, 


Textb. of Bact., 1927, 220; not Actino- 
myccs aureus Waksman and Curtis, Soil 
Science, 1, 1916,124.) Possibly synony¬ 
mous'with Actinomyces aureus Lachner- 
Sandoval, Die Strahlenpilze, 1893, ac¬ 
cording to Lieske, Morphol. u. Biol, 
d. Strahlenpilze, Leipzig, 1921, 26. 
Found in conjunctivitis. 

Actinomyces 6c//isan‘ Dodge. (Strep¬ 
tothrix alba Bellisari, Ann. Ig. Sperim., 
14, 1904, 467; Oospora alba Sartoiy, 
Champ. Paras. Homme et Anim., 1923, 
819; Dodge, IHedical Mycology, St- 
Louis. 1935, 744.) Isolated in a ware¬ 
house in Naples from the'dust of cereal 
coming from California. 

Actinomyces bovis var. nigerianus Eri 
son. (Med. Res. Council Spec. Kept- 
Ser. 203,1935. 20 and 36.) From strepto- 
thricosis of the skin of cattle in Nigeria- 

Actinomyces Candidas (Petruschky) 
Bergcy et al. (Streptothrix Candida 
(Gedanensis II) Petruschky, VerhandJ. 
d. Kongr. f. innere Med., 1898; see 
Petru.'^cliky, in Kolle and Wassermann, 
Handb. d. path. Mikroorg., 2 . 

1913 , 285 and 294; Nocardia Candida 

Castellani and Chalmers, Man. Trop- 
Med., 2nd cd., 1913. 818; Discomyces 
Candidas Brumpt, Precis de Parasito 
Paris. 3rd ed.. 1922, 980; Bergey et al-. 
Manual. 1st cd., 1923 . 347.) From hU' 


n lung. . . V 

\ctinomyces carneus (Rossi on 

sperini. (Slreploirix cornea lios6 

,ria, Ann. 1st. (I’lg. sper. Univ. 

1891, 415; Gasperini, ibid., 2, i • 

Oospora cornea Lehmann and i « 

Bakt. Diag.. 1 Aufl., 

;; Cladothrix cornea 

itique de Bact., 4th ed., 1^ * ' 

Komyces carneus Brumpt, P oi 

rasitoL. 2nd ed., 1913. 976; Nocardia 

nea Castellani and Chalmers. 

. «_j -j 1019 « 18 .) From 


wmyees carnosua MillarJ 
(Ann. Appl. Biol.. IS. 1926 ,60> ) 

scab on potato. 

aomycea caaei Bernatem and Mo 

:Jour. Bact., tT, 1934,625.) Th" 

ic. From pasteurized cheese. 
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Actinomi/ces cati (Rivolta) Gasperini. 
{Discomyces cati Rivolta, 1878; Gas¬ 
perini, Cent. f. Bakt., 15, 189-1, 684.) 
Cause of a disease in a cat. 

Actinomyces cerebrifonnis Namyslow- 
ski. (Namyslowski, Cent. f. Bakt., I 
Abt., Orig., 62, 1912, 564; Streptothrix 
cerebriforrnis Chalmers and Christopher- 
son, Ann. Trop. Med. and Parasit., 10, 
1916, 273; Nocardia cerebrifonnis Vuille- 
min, Encyclop^die Mycologique, Paris, 
2, 1931, 126.) From an infection of the 
cornea of the human eye. 

Actinomyces cereus. (Quoted from 
Lieske, Morphol. u. Biol. d. Strahlen- 
pilze, Leipzig, 1921, 33.) 

Actinomyces chromogcnus (Gasperini) 
Gasperini. {Streptotrix nigra Rossi 
Doria, Ann. d. 1st. d’lg. sper. d. I'niv. 
di Roma, /. 1891,419; Streptotrix cromo- 
gena (sic) Gasperini, according to Rossi 
Doria, idem; Gasperini, ibid., 2, 1892,222; 
Oospora chromogenes Lehmann and Neu¬ 
mann, Bakt. Diag., 1 Aufl.. 2, 1896, 389; 
Cladothrix chromogenes Macd, Truite 
Pratique de Bact., 4th ed., 1901, 1075; 
Acttnomyr.es niger Brumpt, Prdicis de 
Parasitol., Paris, 4th cd., 1927, 1206.) 
A general name for streptomyces from 
air producing a dark chroinogenesis on 
protein media. 

Actinomyces cinereonigeraromaticus 
Neukirch. {Actinomyces cinereus niger 
aromaticus Berestnew, Inaug. Diss., 
Moskow, 1897; sec Cent. f. Bakt., I Abt., 
24, 1898, 707; Neukirch, Inaug. Diss., 
Strassburg, 1902, 3, Nocardia cinereo- 
nigra Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
271; Streptothrix cinereonigra aromatica, 
attributed to Berestnew by Chalmers 
and Christopherson, idem', Actinomyces 
cinereo-niger, quoted from Lieske, Mor¬ 
phol. u. Biol. d. Strahlenpilze, Leipzig, 
1921, 33.) From grain. 

Actinomyces citreus Gasperini. (Gas- 
Derini, Cent. f. Bakt., 16, 1894, 684; 
Streptothrix citrea Kruse, in Fliigge, Die 
Mikroorganismen, 3 Aufl., 2, 1896, 63; 
not Actinomyces citreus Krainsky, Cent, 
f. Bakt., II Abt., 41, 1914, 662.) 


.lc///iom//ccs clarifer Millard and Burr. 
(.\nn. .Appl. Biol., 1926, 001.) From 
scab on potato and from soil. 

Actinomyces coronifonnis Millartl and 
Burr. (.Ann. Appl. Biol., IS, 1926, 601.) 
From peat soil. 

Actinomyces cralerijer .Millard ami 
Burr. (.Ann. .Appl. Biol., 13, 1026, 601.) 
From scab on potato. 

Actinomyces cloacae Brussofl . (Cent. f. 
Bakt., II .Abt., 49, 1919,97.) From mud. 

Actinomyces cretaceus (Kruger) Wol- 
leiiweber. {Oospera cretacca Kruger, 
Berichte der Versuchsstat. f. Zucker- 
rohrs, Kergok-Legal, 1890; Wollenweber, 
Arbeiten d. Forsclumgsinstitut fiir Kar- 
toffelbau, 1920,16.) From potatoscab. 

Actinomyces dicksonii Frikson. (Med. 
Res. Council Spec. Rept. Ser. 203, 1935, 
17.) 

Actinomyces elasfica Solingen and Fol. 
(Cent. f. Bakt., II .Abt., 40, 1914, 92.) 
From garden earth. 

Actinomyces feniiginrus Xaiimann. 
(Kungl. Svenska Vctenskai)sakad. 
irandl., I. 63, Part 4. 1921, 45.) From 
Aneboda region of Sweden. Deposits 
ferric hydroxide about the mycelial 
threads. 

Actinomyces filiformis (Boas) Nan- 
nizzi. (Bacillus filiformis Boas, 1897; 
not Bacillus filiformis Tils. Ztsclir. f. 
Hyg., 9, 1890, 294; not Bacillus filiformis 
Migula, Syst. d. Bakt., 2, 1900, 387; 
Nocardia filiformis Vuillemin, Encyclo¬ 
pedic Mycologique, Paris, 2, 1931, 132; 
Nannizzi, in Pollacci, Tratt. Micopat. 
Umana, 4, 19-14, 26.) From the human 
stomach. 

Actinomyces Jimbriatus Millard and 
Burr. (Ann. Appl. Biol., 13, 1926, 601.) 
From scab on potato. 

Actinomyces flavegriseus Duche. (En¬ 
cyclopedic Mycologique, Paris, 6, 1934, 
341.) From volcanic soils (Martinique). 

Actinomyces flavus Sanfelice. (San- 
fclice, Cent. f. Bakt., I Abt., Orig., 36, 
1904, 359; Streptothrix flava Sanfelice, 
ibid.; not Streplr.lhrix flava Chester, 
Manual Dctenn. Bact., 1901, 362; not 
Actinomyces flaws Krainsky, Cent. f. 
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Bakt,, II Abt , 4 I, 1014, 662.) From 
air. 

Aclinomycis jUn'us Millard and Burr. 
(Millard and Burr, Ann. Appl. Bio!., 
13, 1926, 601; not Actinomyces Jlavus 
Sanfelioe, Cent f. Bakt., I Abt., Orig., 
36, 1904, 359; not Actinomyces flavus 
Krainsky, Cent. f. Bakt., II Abt., 
1914, 662; not Actinomyces Jlavus Dodge, 
Medical Mycology, St. Louis, 1235, 752.) 
From seal) on potalo. 

Actinomyces foersleri (Cohn) Gas- 
perini. {Streptothrix foersleri Cohn, 
Bcitr. z. Biol. d. Pflanz., 1, Heft 3, 1875, 
186; Cladothrix foersleri Winter, Die 
Pllze, in Rabenhorst’s Kryptogamen* 
Flora, I Abt., I, 1884 , 60; Nocardia 
foersteri Trevisan, I generi e le specie 
delle Batteriacce, 1889, 9; Oospora 
foersteri Sauvageau and Radais, Ann. Inst. 
Piist., 6, 1892, 252; Gasperini, Cent. f. 
Bakt., 15, 1894, G84; Discomyces foersteri 
Gcdoelst, Lcs champignons parasites do 
I’hommc ct des animau.x domestiques. 
Brussels, 1902, 176; Cohnistreptothrix 
foersteri Pinoy, Bull. Inst. Pasteur, 
Paris, 11, 1913, 937.) The first strepto- 
inyccs to be described. Probably not 
identifiable. From an inflamed tear 
duct. Chalmers and Christopherson 
(Ann. Trop. Med. and Parasit., W, 1916, 
273) include Leplothrix oculoruin Soro¬ 
kin, 1881 as a synonym of this species. 

Actinomyces fusca Sohngen and Fol. 
(Cent. f. Bakt., 11 Abt., 40, 1914, 87.) 
From garden earth. 

Actinomyces gabritse-hewskii Neukirch. 
{Actinomyces of Gabritschewsky, Berest- 
new, Inaug. Diss., Moskow, 1897; see 
Cent. f. Bakt., I Abt., 24, 1898, 708; 
Neukirch, luaug. Diss., Strassburg, 1902, 
3.) From water. 

Actinomyces gednnensis (Lohlein) Ber- 
gey et al. {Streptothrix gedanensU /, 
Scheele and Petruschky, Verhandl. d. 
Kongr. f. innere Med., 1897, 550; Strepto¬ 
thrix gedanensis Lohlein, ZUchr f. Hyg., 
6S, 1909, 11; Nocardia gedanensis Chal¬ 
mers and Christopherson, Ann. Trop. 
Med. and Parasit., 10, 1916, 255; Disco¬ 
myces gedanensis Brumpt, Precis de 


ParasitoL, Paris, 3rd ed., 1922, 984; 
Bergey et al., Manual, Ist ed., 1923,347.) 
From sputum of patient with chronic 
lung disease. 

Actinomyces gihsoni Dodge. {Strepto¬ 
thrix sp. Gibson, Jour. Path. Bact., 2S, 
1920, 357; Oospora sp. Sartory, Champ. 
Paras. Homme et Anim., 1923 , 776; 
Dodge, Medical Mycology, St. Louis, 
1935, 722.) See page 961. 

Actinomyces gracilis Millard and Burr. 
(Ann. Appl. Biol., IS, 1926, 601.) From 
scab on potato. 

Actinomyces graminearum Berestnew. 
(Berestnew, Inaug. Diss., Moskow. 1897, 
see Cent. f. Bakt.. I Abt., 24, 1^98 , 707, 
A'^ocardm graminarium (sic) Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., W, 1916, 265; Streptothrix 
graminarium Chalmers and Christopher¬ 
son, idem.) From grain. 

Actinomyces graminis lopley a'' 
Wilson. (Aktinomyccs, Bostroem, 
Beitr. path. Anat. u. Path-, 0, 1891, , 
Topley and Wilson, Princip- Bact- and 
Immun., 1st ed., 1, 1931, 250; 

mijcis bostroemi Biildacci, Boll. 

Itul. Soc. Intermit. Microbiol., 9, 193/, 


141.) From bovine actinomycosis. 

Actinomyces gruberi Terni. (Term, 
Cent. f. Bakt., 16, 1894, 362; 
gruberi Blanchard, in Bouchard, Trai 
Path. Gdn.. 2, 1S96, 855; Streptolhnx 
grueberi (sic) Sanfelice, Cent, f- * 

I Abt., Orig., S6, 1904, 
gruberi, quoted from Nannizzi, r 

Micopat. Umana, 4, 1934 , 51.) 
soil. Produces several pigments 


culture media. 

Actinomyces guignardi (SauvagW 

Radais) Ford. {Oospora guigna^i ^ 

vageau and Radais, Ann. lost. ^ 
1892, 255; Ford, Textb. of ^ct., - ' 

220.) From dust. Gasperini (toe. 
regards this as a possible synonym 


7myces chrontogenus. j 

nomyces halotrichis 2oBell 

(Bull. Scripps 
Univ. California, S, !>«* 

marine mud and kelp. 
nomyew heimi Duch^. (Encycio- 
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pddie Mycologique, Paris, 6 , 1934, 359.) 

.Adinomyccs hojjmanni (Gruber) Gas- 
perini. {Micromyces hofinatvii (sic) 
Gruber, Miinch. mcd. Wochnschr., 1891; 
also Arch. f. Hyg-, 16, 1893 , 35; Oospora 
koffmanni Sauvageau and Radais, Ann. 
Inst. Past., G, 1892, 252; Gasperini, 
Cent. f. Bakt., 15, 1894, 684; S(rcp/o//irix 
hofmanni Kruse, in Fliigge, Die Mikro- 
organismen, 3 Aufl., 2, 1896, 62; Clado- 
tkrix hoffmanni Mac<5, Trait6 Pratique 
de Bact., 4th ed., 1901, lOSl.) Patho¬ 
genic. See page 976. 

Actinomyces holmesi (Gedoelst) Nan- 
nizzi. {Discomyces holmesi Gedoelst, 
Champ. Paras. Homme et Anim., 1902; 
Nannizzi, Tratt. Micopat. Umana, 4, 
1934, 49.) 

Actinomyces hominis Waksman. (Soil 
Science, 8 , 1919, 129.) Culture received 
from K. Meyer from Foulerton who iso¬ 
lated it in 1911 from an abscess of the 
palm. Waksman {loc. cit.) and Baldacci 
(Mycopathologia, S, 1940, 160) regard 
this as identical with Bostroem’s organ¬ 
ism (see Actinomyces graminis above) 
and Baldacci has renamed it Actinomyces 
innominatus. 

Actinomyces incanescens Wollonwcbcr. 
(Arb. Forschungsinst. fiir ICartoffelbau, 
1920, 16.) From the soil of potato fields 
near Berlin. 

Actinomyces intermedins (Krilger) Wol- 
lenweber. (Oospora intermedia Kruger, 
Berichte der Versuchsstat. f. Zucker- 
rohrs, Kergok-Legal, 1890; Wollenweber, 
Arb.d. Forschungsinst. fiir ICartoffcIbau, 
1920, 16.) From the soil of potato fields 
near Berlin. 

Actinomyces interproximalis (Fennel) 
Ford. (Streptothrix interproxvnalis 

Fennel, Jour. Inf. Dis., 22, 1918, 567; 
Ford, Textb. of Bact., 1927, 195.) From 
the mouth. 

Aciinomyres ininjlnerabiUs (Acosta and 
Grande Rossi) Lachner-Sandoval. (C/a- 
dothrix inoulnerabilis Acosta and Grande 
Rossi, Cronica medicoquirurgica de la 
Habana, No. 3, 1893; see Cent. f. Bakt., 
14, 1893, U; Streptothrix invulnerabilis 


Kruse, in Fliigge, Die Mikroorganismen, 
3 Aufl., 2, 1896, 64; Lachner-Sandoval, 
Ueber Strahicnpilze, Strassburg, 1898; 
Nocardia invulnerabilis Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 271.) From river 
water. 

Actinomyces krausei (Chester) Ford. 
(Streptothrix aus Eiter, Krause, Miinch. 
med. Wchnschr., 46, 1899, 749 and Cent, 
f. Bakt., I Abt., 26, 1899, 209; also see 
Petruschky, in Kolle and Wassermann, 
2 .\u[l., 5, 1913, 267; Streptothrix krausei 
Chester, Manual Determ. Bact., 1901, 
364; Nocardia krausei Chalmers and 
Christopherson, Ann. Trop. Mcd. and 
Parasit., 10, 1916, 263; Discomyces 

krausei Brumpt, Pr6cis de Parasito)., 
Paris, 3rd ed., 1922, 993; Ford, Textb. 
of Bact., 1927, 208.) From actinomy¬ 
cotic pus. 

Actinomyces lacertae Tcrni. (Terni, 
L’Officiale Sanitario, 1896, 160; Slrepto- 
thrix lacertae Foulerton, in Allbutl and 
Rolleston, Syst. of Med., 2, 1912, 309; 
Oospora lacertae Sartory, Champ. Paras. 
Homme et Anim., 1923, quoted from 
Nannizzi, Tratt. Micopat. Umana, 4, 
1934, 51.) From grayish nodules in the 
liver of Italian lizards (Lacerta viridis 
and L. agilis). 

Actinomyces lathridii (Petruschky) 
Ford. (Streptothrix lathridii Pe¬ 
truschky, Verhandl. d. Kong. f. innere 
Med., 1898; Ford, toe. cit., 205.) From 
the beetle, Lathridius rugicollts. 

Actinomyces loidensis Millard and 
Burr. (Ann. Appl. Biol., 13, 1926, 601.) 
From scab on potato. 

Actinomyces luico-roseus Sanfelice. 
(Actinomxjces bovis luteoroseus Gasperini, 
Cent. f. Bakt., 16, 1894, 684; Sanfelice, 
Cent. f. Bakt., I Abt., Grig., 36, 1904, 
355.) Isolated from actinomycotic le¬ 
sion in cattle. 

Actinomyces marginatus Millard and 
Burr. (Ann. Appl. Biol., IS, 1926, 601.) 
From scab on potato. 

Actinomyces marinolimosus ZoBell and 
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Upham. (Bull. Scripps Inst. Oceanog¬ 
raphy Univ. California, .5. 1944, 256.) 
From marine mud. 

Actinofinjces nielanoroseus Roisin. 
(Wi^iiti Xauk Doslid. Kat. biol, Odessa, 

1, 1929, 00.) 

Actincinyccs incichuikovi (Sauvageau 
and Radais) Ford. {Oospora metchni- 
kowi Sauvageau and Radais, Ann. Inst. 
Past., 6 , 1802, 242; Ford, loc. cit., 220.) 
From water. Gasperini {loc. cit.) re¬ 
gards this organism as a possible synonym 
of Actinomyces chromogenus. 

Actinomyces muris ratti Lieske. 
{Streplothrix ratti Schottmuller, Dermal. 
Wochnschr., 68, 1914, Supplement, 77; 
Streplothrix muris-ralti Dick and Tunni- 
clifT, Jour. Inf. Dis., 23, 1918,186; Lieske, 
Morphol. u. Biol. d. Strahlenpilze, Leip¬ 
zig, 1921, 31; regarded as identical with 
Strepiobacillus moniliformis Levaditi, 
Nicolau and Poincloux, Compt. rend. 
Acad. Sci. Paris, 180, 1925,1188by Topley 
and Wilson, Princip. of Bact.and Immun., 
2nd ed-, 1936, 274. The latter organism 
is regarded as identical with Haverhillia 
multiformis Parker and Hudson, Amer. 
Jour. Path., 2, 1926, 357 by Van Rooyen, 
Jour. Path, and Bact., 46, 1936, 469; 
Actinomyces muris Topley and Wilson, 
loc. cit.) From a case of rat-bite fever. 

Actinomyces musculorum Hertwig. 
{Actinomyces rnusculorum suis Duncker, 
Ztschr. f. Microskopie u. Fleischbeschau, 
3, 1884. No. 3; Hertwig, Arch. f. wis- 
sensch. u. prakt. Thierheilk., 12, 1886, 
365; Oospora musculorum suis Lehmann 
and Neumann, Bakt. Diag., 1 Aufl., 

2, 1896, 383.) Seen in calcareous de¬ 
posits in the muscles of swine. 

Actinomyces myricae Peklo. (Cent, 
f. Bakt., II Abt., 27, 1910, 451.) From 
the roots of Myrica. 

Actinomyces from Neddeni, Namy- 
slott'ski. (Cent. f. Bakt., I Abt., Orig., 
$2, 1912, 564.) From the human eyelid. 

Actinomyces nigricans Killian and 
Fehdr. (Ann. Inst. Past., 65, 1935, 620.) 
From desert soil. 

Actinomyces nigrificans (Kruger) Wol- 


lenweber. {Oospora nigrificans Kruger, 
Berichte der Versuchsstat. f. Zucker- 
rohrs, Kergok-Legal, 1890; Wollenweber, 
Arb. Forschungsinst. fur Kartoffelbau, 
1920, 16.) From potato scab. 

Actinomyces nitrogenes Sartory, Sar* 
tory, Meyer and Walter. (Bull. Acad. 
M^d., Paris, 116, 1936, 186; also Ann. 
Inst. Past., 58,1937,684.) From sputum. 

Actinomyces nivea. (Incorrectly at¬ 
tributed to Krainsky, 1914 by Chalmers 
and Christopherson, Ann. Trop. Med. 
and Parasit., 10, 1916, 270.) 

Actinomyces nondiastalicus Bergey 
et al. (Var. b, Bergey, Jour. Bact., 4, 
1919, 304; Bergey et al., Manual, 1st ed., 
1923, 371.) From air. 

Actinomyces ochraceus Neukirch. 
(Ueber Actinomyceten, Strassburg, 1902, 
4.) From soil. 

Actinomyces ochroleucus Neukrich. 
(Ueber Actinomyceten, Strassburg, 1902, 

4. ) From soil. 

Actinomyces odorifera Koelz. (Inaiig. 
Diss., Kiel, 1934; Le Lait, 16, 1936, 154.) 

Actinomyces oligocarbophilus Lantzsch. 

(Lantzsch, Cent. f. Bakt., H Abt., 67, 
1922, 309; Proactinomyces oligocarboph- 
lus Krassilnikov, Bull. Acad. Sci., U* 

5. S. R., No. 1, 1938, 139.) Lantzsch 
regards this organism as identical wit 
Bacillus oligocarbophilus Beijerinck an 
Van Delden, Cent. f. Bakt., II Abt., W, 
1903 , 33 {Carboxydomonas oligocarbo- 

phila Orla-Jensen, Cent, f- Bakt., 
Abt., 22, 1909, 311). Secures growth 
energy by oxidizing CO to COi- From 
soil. See Manual, 5th ed., 1939, 81 for a 
description of the bacillary stage of this 
organism. Carboxyodomonas oligocarbo 
phila Orla-Jensen is the type species o 
the genus Carboxydomonas Orla-Jenseo 

{loc. cit.). ♦ d 

Actinomyces orangico-niger. (Quo e 
from Lieske, Morphol. u. Biol. d. Strah- 
lenpilze, Leipzig, 1921, 33.) , , 

Actinomyces orangicus. (Quoted ro 
Lieske, Morphol. u* Biol. d. Streh^o 

pilze, Leipzig, 1921, 33.) 

Aciirumyces pelogenes Sawj ow 
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(Cent. f. Bakt., II Abt., S9, 1913, 440.) 
From mud containing hydrogen sulfide. 

Actinomyces pluricolor Terni. («S/rep- 
tothrix pluricolor Fuchs; Terni, quoted 
from Gasperini, Cent. f. Bakt., 15, 1894, 
684; Nocardia pluricolor Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10 , 1916, 268.) 

Actinomyces pluricolor dijfundens Ber- 
estnew. (Inaug. Diss., Moskow, 1897; 
see Cent. f. Bakt., I Abt., 24, 1898, 708.) 
From air. 

Actinomyces praecox Millard and Burr. 
(Ann. Appl. Biol., 13, 1926, 601.) From 
scab on potato. 

Actinomyces praefecundus Millard and 
Burr. (Ann. Appl. Biol., IS, 1926, 601.) 
From scab on potato and from soil. 

Actinomyces protea (Schiirmaycr) 
Ford. {Oospora proteus and Slre.ptolhrix 
proteus Schurmayer, Cent. f. Bakt., I 
Abt., 27, 1900, 58; Ford, loc. cit., 208.) 
From an abscess of the foot. 

Actinomyces pseudotuherculosae (Flex- 
ner) Brumpt. {Sireptothrix pseudotuher- 
culosa Flexner, Jour. Exp. Med., 3, 
1898, 438; Brumpt, Precis dc Parasit., 
Paris, 4th ed.,1927, 1206.) 

Actinomyces pseudotuberculosus Leh¬ 
mann and Neumann. (Actinomyces 
atypica pseudotuberkulosa Hamm and 
Keller, Cent. f. Bakt., I Abt., Ref., 4^, 
1909, 729; Lehmann and Neumann, 
Bakt. Diag., 5 Aufl., 2, 1912, 621; 
Nocardia pseudotuberculosis de Mello 
and Fernandes, Mem. Asiatic Soc. 
Bengal, 7, 1919, 110.) 

Actinomyces purpureus Killian and 
Feh4r. (Ann. Inst. Past., 66 , 1935, 620.) 
From desert soil. 

Actinomyces putorii (Dick and Tunni- 
cUff) Ford. (Streptothrix putorii Dick 
and Tunnicliff, Jour. Inf. Dis., 23, 1918, 
183; Ford, Textb. of Bact.. 1927, 216.) 
From the blood of a patient bitten by a 
weasel. 

Actinomyces pyogenes Licske. (Einc 
neue Streptotbrixspecies, Caminiti, 
Cent. f. Bakt., I Abt., Orig.. 44, 1907, 
193; Streptothrix pyogenes Chalmers and 
Christopherson, Ann. Trop. Med. and 


Parasit., 10, 1916, 270; Licske, Morphol. 
u. Biol. d. Strahlenpilze, Leipzig, 1921, 
32.) From air. 

Actinomyces radiaius Namyslowski. 
(Namyslowski, Cent. f. Bakt., I Abt., 
Orig., 62, 1912,564; Streptothrix radiaius 
Chalmers and Christopherson, Ann. 
Trop. Med. and Parasit., 10, 1916, 273; 
Nocardia radiata Vuillemin, Encyclo- 
p(5die Mycologique, Paris, 2 , 1931, 126.) 
From an infection of the cornea of the 
human eye. 

Actinomyces rosaccus. (Quoted from 
Lieske, Morphol. u. Biol. d. Strahleu- 
pilze, Leipzig, 1921, 33.) 

Actinomyces roseodiastalicus Duchd. 
(Encyclopedic Mycologique, Paris, G, 
1934, 329.) 

Actinomyces roseus Namyslowski. (Ac¬ 
tinomyces sp. Lowensteins Klin. Mon- 
atsbl. f. Augenheilk., 43, 1910, 185; 
Namyslowski, Cent. f. Bakt., I Abt., 
Orig., 62, 1912, 567; not Actmomyces 
roseus Krainsky, Cent. f. Bakt., II Abt., 
41, 1914, 662; Discomyces roseus Brumpt, 
Prdcis de Parasitol., Paris, 3rd ed., 1922, 
981.) 

Actinomyces sakarae Killian and Fehdr. 
(Ann. Inst. Past., 66 , 1935, 621.) From 
desert soil. 

Actinomyces salmonicolor Millard and 
Burr. (Ann. Appl. Biol., 13, 1926, 601.) 
From sour soil. 

Actinomyces sampsonii Millard and 
Burr. (Ann. Appl. Biol., 13, 1926, 601.) 
From scab on potato. 

Actinomyces sanguinis Basu. (Ind. 
Jour. Med. Res., 26, 1937, 325.) From 
the blood of a patient with bronchial 
pneumonia. 

Actinomyces sanninii Ciferri. (Quoted 
from Baldacci, Boll. Sez. Ital. Soc. 
Internaz. di Microbiol., 9, 1937, 140.) 

Actinomyces setonii Millard and Burr. 
(Ann. Appl. Biol., IS, 1926, 601.) From 
scab on potato. 

Actinomyces spiralis Millard and Burr. 
(Ann. Appl. Biol., 13, 1926, 601.) From 
decaying grass. 

Actinomyces taraxeri cepapi (Schott- 
miiller) Ford. (Streptothrix taraxeri 
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cepapi Schottmuller, Dermat. Wchnschr., 
53, 1014, Supplement, 77; Ford, loc. dt., 
106.) From a case resembling rat-bite 
fever follo'ving the bite of a South African 
squirrel {Taraierus cppnpi). 

Aclinomycdi tenuis Millard and Burr. 
(Ann. Appl. Biol., 13, 1026, 601.) From 
scab on potato. 

Aclinomijccs Ihcnnodiaslalicus Bcrgey 
et al. (Var. a, Bergcy, Jour. Bact., 4, 
1919, 301; Bergcy et al., Manual, 1st 
cd., 1923, 370.) From stomach contents 
of a rabbit. 

Actinomyces ihermololerans Stadler. 
(Arch. f. Hyg., 33,1809, 40.) From milk 
and butter. 

Actinomyces variabilis Cohn. (Cent, 
f. Bakt., I Abt., Grig.. 70, 1913, 301.) 
From pus in the bladder in a case of 
cystitis, and from the prostate. 

Actinomyces verrucosus Xadson. 
(Nadson, Die Mikroorganismen als geo- 
logische Faktoren I. Petersburg, 1903; 
quoted from DorfT, Die Eisenorganis- 
mon, Pflanzcnforschung, Jena, Heft 
10. 1934, 43; not Actinomyces verrucosus 
Adler, 1901, see Nannizzi, in Pollacci, 
Tratt. Micopat. Umana, 4, •1034, 46.) 
From sea mud. Deposits ferric hydrox¬ 
ide about the mycelial threads. 

Actinomyces violaceus (Rossi Doria) 
Gasperini. {Strepiotrix violacea Rossi 
Doria, Ann. d. 1st. d’lg. sper. d. Univ. di 
Roma, I, 1891, 411; Oospora violacea 
Sauvageau and Radais, Ann. In.st. Past., 
6, 1892,252; Gasperini, Cent. f. Bakt., 16, 
1804, 684; Cladolhrix violacea Mac6, 
Traits Pratique de Bact., 4th ed., 1901, 
1075; Nocardia violacea Chalmers and 
Christophersoh, Ann. Trop. Med. and 
Parasit., 10, 1916, 270; Discomyces viola¬ 
ceus Brumpt, Precis de Parasitol., Paris, 
3rd ed., 1922,995.) From air and water. 

Actinomyces viridis (Lombardo-Pelle- 
grino) Saiifelicc. {Streptolhrix viridis 
Lombardo-Pcllegrino, Riforma Med., 
19, 1903, 1065; also see Cent. f. Bakt., I 
Abt., Ref., 35,19(H, 761; Sanfclice, Cent, 
f. Bakt., I Abt., Grig., 35, 1904, 355.) 
From soil. 

Actinomyces viridis Millard and Burr. 


(Millard and Burr, Ann. Appl. Biol., 13, 
1926, 601; not Actinomyces viridis San¬ 
fclice, Cent. f. Bakt., I Abt., Grig., 36, 
1904,355; not Actinomyces viridis Duch6, 
Encyclopddie Mycologique, Paris, 6 , 
1934, 311.) From scab on potato. 

Actinomyces xanlhoslromus Wollen- 
weber. (Arb. Forschungsinst. f. 

tofTelbau, 1920, 16.) 

Actinomyces wedniorensis Millard and 
Burr. (Ann. Appl. Biol., IS, 1926, 601.) 
From peat soil. 

Asieroides lieskeyi Puntoni and Leo* 
nardi. (Boll, e Atti d. R. Acoad. Med. 
di Roma, 5/, 1935, 94.) A renaming of 
Actinomyces lieskey, a culture whose 
source was unknown. This may pos¬ 
sibly be the same as Actinomyces lieskei 
Duch^ (see Streplomyces lieskei). 

Cladolhrix odorifera Rullmann. (RuH- 
mann, Inaug. Diss., Munich, 1895; see 
Cent. f. Bakt., I Abt., 17, 1895, 884 and 
Cent. f. Bakt., II Abt., S, 1896, 116i 
Oospora odorifera Lehmann and 6^^ 
mann, Bakt. Diag., 1 Aufl., S, 1896, 3 , 
Actinomyces odorifer Lachner-San ova, 
Ueber Strahlenpilze, 1898, 65; Strep o 
thrix odorifera Foulerton and 
Trans. Path. Soc. London, 53, JV 
Nocardia odorifera Castcllani and tna- 
mers, Man. Trop. Med., 2nd ed., 

818.) From sputum in a case of cbroiu 


Dnehitis. _ , 

::tadotkrix placoides Kligler. 

IX placoides alba Dobrzyniecki, e 

Bakt., I Abt., SI. 1897, 225; Kligler. 
ur. Allied Dental Soc., W, 1915, 1 . 

2 and 445; Leplotnchia 

Tgey et al.. Manual, 3rd e ., ' 

3.) From a tooth 

scription of this species see Manu»b 

, ed., 1939, 829. The 

^ belongs ^ 


cardia or Sireptomyces. . 

:„ccobaciUu, v>e^do - 
ymorphu, Berestneff. 

18, quoted from Chalmers and 
.herson, Ann. Trop. Med. and Para 

.,10,1916,273.) Chalmef* 

'lohmsireploihHx 

1 Chiistopheison. •P 
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Bloomfield and Bayne-Joncs, Johns 
Hopkins Hosp. Bull. 2G, 1915, 230; 
Chalmers and Christophcrson, Ann. 
Trop. Med. and Parasit., 10, 1910, 273; 
Actinomijces ajyiericamis Dodge, Medical 
Mycology, St. Louis, 1935, 716.) From 
a liver abscess. 

Cohnistreplothrix misri Carpano. 
(Riv. di Parasit., No. 2, 1937, 107.) 
From human dermatosis in Egypt. 

Cohnistreplothrix silberschmidtii Chal¬ 
mers and Christophcrson. (Streptot hrix, 
Silberschmidt, Cent. f. Bakt., I .\bt., ^7, 
1900, 486; Chalmers and Christophcrson, 
Ann. Trop. Med. and Parasit., W, 1910, 
273; Nocardia silbcrsclunidti Froilano de 
Mello and Fernandes, Mem. Asiatic 
Soc. Bengal, 7, 1919, 111; Actinomyces 
silherschmidti Dodge, Medical MycoIog>% 
St. Louis, 1935, 711.) From cases of 
dacryocystitis. 

Discomyces decvssalus Langeron and 

Chevallier. (Langeron and Chevallier, 

Compt. rend. Soc. Biol., 72, 1912, 1030; 

Nocardia decussata Castellani and Chal- 
% 

mers, Man. Trop. Med., 2nd ed., 1913, 
817; Oospora decussata Sartory, Chomp. 
Paras. Homme et Anim., 1923, S25; 
Aclinom7jccs decussafus Brumpt, Prdcis 
de Parasitol., 4th cd., 1927, 1206.) From 
dry, scaly lesions. Not considered path¬ 
ogenic. 

Nocardia chalmersi do Mello and Fer¬ 
nandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
Actinomyces chalmersi Dodge, Medical 
Mycology, St. Louis, 1935, 734.) From 
the saliva of a horse. 

Nocardia chrislophersoni de Mello and 
Fernandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
A clinomyces chrislophersoni Dodge, Med¬ 
ical Mycology, St. Louis, 1935, 723.) 
From the air. 

Nocardia ciirea Chalmers and Chris¬ 
tophcrson. (Ann. Trop. Med. and Para¬ 
sit., 10, 1916, 270.) A blanket name 
proposed to include Actinomyces griseo- 
fiavus Krainsky, Actinomyces flaws Kra- 
insky, Slreptothrix flava Sanfclicc and 
Sireplothrix flava Bruns. 


Nocardia cruoris Maefio and Ingram. 
(Macfic and Ingram, .\nn. Trop. Med. 
and Parasit., 15, 1021, 283; Diseonnjees 
cruoris Brumpt, IV(5('is de Parasitol., 
Paris, 3rd cd., 1922, 984; Oospora cruoris 
Sartory, Champ. Paras. Homme et 
.Anim., 1923, 809; Actinomyces cruoris 
Brumpt, ibid., 4th ed., 1927, 1195.) 
From blood. 

Nocardia dicholoma (Macd) Chalmers 
and Christophcrson. {Cladothrix dicho- 
toma Mac6, Compt. rend. Acad. Sci, 
Paris.fi, 1888, 1622; not Cladothrix dicho¬ 
loma Cohn, Beitr. z. Biol. d. Pflanzen 
/, Heft 3, 1875, 185; Chalmers and Cliris- 
topherson, .Ann. Trop. Med. and Para¬ 
sit.. 10, 1910, 270.) 

Nocardia fcrruginca Trevisan. 
(Bakterium bei ChoreaSt. Viti, Naunyn, 
Mitthcil. aus der Med. Klinik zu Konigs- 
berg, 1888, 292; Trevisan, I generi e le 
specie dcllo Batteriacee. 1889, 9; Actino¬ 
myces ferrugineus Gasperini, Cent. f. 
Bakt., 15, 1894, 084.) From pia mater 
in a case of St. V'ilis’ dance. 

Nocardia garleni (Brumpt) Castellani 
and Clmlmers. {Cladothrix liqvcfaiuns 
No. 2, Garten, Deutsche Zisdir. f. 
Chirurg., 41, Hr5. 4c2; Disccmiccs 
garteni Brunpt. Prt'cis dc Parjesilol., 
Paris, 1st cd., 1010, KO; Castellani and 
Cbalrrers, Man. Trrp. Med.. 2r,d cd., 
1913, 818; Oospora garUni Sartory, 
Champ. Paras, licn.me et Anim.. 1923, 
778; Acliuumyces gurltni Brumpt, loc. 
cil., 4th ed., 1927, 1191; Actinomyces 
liquefacicns Ford, Textb. of Bact., 1927, 
202.) From cases of human actinomy¬ 
cosis. 

Nocardia goensis de Mello and Fer¬ 
nandes. (De Mello and Fernandes, 
Mem. Asiatic Soc. Bengal, 7, 1919, 130; 
Actiriomyces goensis Dodge, Medical 
Mycology, St. Louis, 1935, 723.) From 
lesions of vitiligo. Saprophytic. 

Nocardia liguire Urizer. (Urizer, 
1904; Actinomyces liguire Xannizzi, in 
Pollacci, Tratt. Micopat. Umana, 4, 
1934, 49.) 

Nocardia liqaefaciens (Hesse) Castel* 
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lani and Chalmers. {Cladoihrix Uque- 
faciens Hesse, Deutsche Ztschr. f. 
Chirurg., 1895,432; Discomyces lique- 
faciens Brumpt, Precis de Parasit., 
Paris, 1st ed., 1910, 860; Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913, 818; Streptolhrix liquefaciens Chal¬ 
mers and Cliristopherson, Ann. Trop. 
Med. and Parasit., 10, 1916, 233, 265; 
Oospora liquefaciens Sartory, Champ. 
Paras. Homme et Anim., 1923, 778; 
Actinomyces liquefaciens Brumpt, loc. 
cit,, 4th ed., 1927, 1192.) From an in¬ 
guinal abscess. 

Nocardia ynicroparva Chalmers and 
Christopherson. (Ann. Trop. Med. and 
Parasit., 10, 1916, 268.) Listed as 
synonymous with Actinomyces micro- 
parva Krainsky, 1914 which may be in¬ 
tended for Actinomyces microjlavus Kra¬ 
insky, Cent. f. Bakt., II Abt., 1914, 
662. 

Nocardia orangica (Berestneff) Chal¬ 
mers and Christopherson. {Streptolhrix 
orangica BerestnelT, Inaug. Diss., Mos¬ 
cow, 1897, quoted from Chalmers and 
Christopherson, Ann. Trop. Med. and 
Parasit., 10, 1916, 271; Chalmers and 
Christopherson, idem.) 

Nocardia rogersi de Mello. {Nocardia 
{Cohnisireptothrix) rogersi de Mello, 

A Med. Contemp., 1919; Discomyces 
rogersi Neveu-Lemaire, Precis Parasitol. 
Hum., 5th ed., 1921, 44; Actinomyces 
rogersii Brumpt, Precis de Parasitol., 
4th ed., 1927, 1206.) From sputum. 

Nocardia rubea Chalmers and Chris¬ 
topherson. (Ann. Trop. Med. and Para¬ 
sit., 10, 1916, 271.) Nomen nudum. 
According to Dodge (Medical Mycology, 
St. Louis, 1935, 765), this is a synonym 
of Oospora rubra Wilbert, Recueil Hyg. 
M4d. V^t. Militaire, 1908. 

Nocardia saprophytica Chalmers and 
Christopherson. {StrepioihHx leucea 
saprophytica Foulerton, 1902, quoted 
from Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
270; Chalmers and Christopherson, 
idem.) 

Nocardia urinaria Pijper. (Pijper, 


1918, quoted from Castellani and Chal¬ 
mers, Man. Trop. Med., 3rd ed., 1919, 
1057; Actinomyces urinarius Nanniazi, 
in Pollacci, Tratt. Micopat. Umana, 


It, 1934, 50.) 

Oospora hoffmanni (Gruber) feauva- 
gcau and Radais. {Mikromyces hof- 
manni (sic) Gruber, Trans. Int. Congr. 
Hyg. Derm., VI, 2, 1891-1892, 65 and 
Arcli. f. Hyg., 16, 1893, 35 ;Sauvageau 
and Radais, .\nn. Inst. Past., 6 , 1892, 
251; Actinomyces hoffmanni Gasperini, 
Cent. f. Bakt., 15, 1894, 684; Slreptothrix 
hofmanni Kruse, in FUigge, Die Mikro- 
organismen, 3 Aufl., 2, 1896, 62; Clado' 
Ihrix hoffmanni Mac^, Traits Pratique 
de Bact., 4th ed., 1901, 1081; Nocardia 
hoffmanni Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., 10, 1916, 
268.) From a sample of vaccine. 

Oospora spumalis Sartory. (Sartory, 
in Sartory and Bailly, Mycoses pulmo- 
naires, 1923, 318; Actinomyces spvmalts 
Dodge, Medical Mycology, St. Louis, 
1935, 751.) From human sputum. 

Slreptothrix aaser Johan-Olsen. (In¬ 
aug. Diss., Christiania, 1893, 91; qunl® 

from Neukirch, Ueber Actinomyceten, 

Strassburg, 1902, 69.) . 

Streptolhrix alpha Price-Jones. (Price- 
Jones, 1900; quoted from Chalmers an 

Christopherson, Ann. Trop. 

Parasit., 10, 1916, 270.) Conside ed 
synonymous with Slreptothrix a 
(Rossi Doria). , 

Slreptothrix aquaiilis Johan-OIs ■ 

(Inaug. Diss., 1893, 93; quoted from 
Johan-Olsen, Cent, f- Bakt., I 


279.) . 

ireptothrix beta Price-Jones. (I'rice 
es, 1900; quoted from * 

istopherson, Ann. Trop. * • 
asit., to, 1916 . 270; Noeardui 
Iraers and Christopherson idraM 

ireptothrix chondri 
mg. Diss., 1893,_ 95j _quoted fron. 


mi enteritidi, Po««- 

1 from Sanfehce, Cent, f- 
Orig., 56, 1904, 365.) 
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Sirepiothrix focrsleri Gtisperini. (Gas- 
perini, Animles dc Micrographie, 3, 1890, 
462; not Streptoihrix focrstcri Cohn, 
Beitr. z. Biol. d. Pilanzen, /, Heft 3, 
1S75, 196; /Idtnomyces saprophijticus 
Gasperini, Ann. d. 1st. d'lg. sper. d. 
Univ. Ronm, S, 1S92, 226; Actinomyces 
saprophylicus var. cromogenus Gasperini, 
ibid.,22Q.) From air. 

Streptoihrix gelatinosus Johan-Olsen. 
(Cent. f. Bakt.. II Abt., 3, 1897, 279.) 

Streptoihrix humifica Johan - Olsen. 
(Cent. f. Bakt., II Abt., 5, 1897, 278.) 

Streptoihrix lemani Johan-Olsen. 
(Inaug. Diss., 1893, 96; quoted from 
Johan-Olsen, Cent. f. Bakt., II Abt., 
S, 1897, 279.) 

Streptoihrix necrophora Wilhelm. 
(Monats. f. prakt. Tierhoilk., 14, 1902, 
193.) See page 578. 

Streptoihrix leucea Foulerton. (In All¬ 
butt and Rolleston, Syst. of Med., 2 , 
1912, 310.) 

Streptoihrix melanotica Pricc-Jones- 
(On the General Characteristics and 
Pathogenic Action of the Genus Strepto- 
ihrix^ 1901; also see Foulerton, in Allbutt 
and Rolleston, Syst. of Med., 2, 1912, 
304.) 

Streptoihrix oidieformis Johan-Olsen. 


(Inaug. Diss., 1893, 96; quoted from 
Neukirch, Ueber Actinomyceten, Stra.ss- 
burg. 1902, 69.) 

Streptoihrix spirilloides Johan-Olsen. 
(Inaug. Diss., 1893, 96; quotetl from 
Neukirch, Ueber .\ctiiK)niyccten, Strass- 
burg, 1902, 69.) 

Streptoihrix larlari Sanfelice. (Cent, 
f. Bakt., 1 Abt., Orig., 36, 1904, 355.) 

Streptoihrix wallemia Johan-Olsen. 
(Inaug. Diss., 1893, 96; quoted from 
Neukirch, Ueber Actinomyceten, Strass* 
burg, 1902, 69.) 

Streptoihrix zopfi Casagrandi. 

(Quoted from Caminiti, Cent. f. Bakt., 
I Abt., Orig., 44 , 1907, 198.) 

Drechsler (Butan. Gazette, 67, 1919, 
65 and 117) described cigiitcen mor¬ 
phological types of Actinomyces {Streplo- 
myces). The relationships of these types 
to species previously described in the 
literature are not e.vplained e.xeept in 
four instances. Actinomyces III is re¬ 
garded as Actinomyces larcndulae Waks- 
man and Curtis; Actinomyces X is re¬ 
garded as Streptoihrix alba Rossi Doria 
(possibly Actinomyces griseus Krainsky); 
Actinomyces XII is regarded as Actino¬ 
myces aureus Waksman and Curtis; 
and Actinomyces XVII is Actinomyces 
scabies Giissow. 
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Genus II. Micromonospora ^rskov. 

(0rskov, Investigations into the morphology of the Cope°'^®‘'- 

147; includes Thermoactinomyces Tsilinsky, Ann. Inst. Past., IS, 1899, 50 , 

'^vird’eveSed, fine, non-septate mycelinm, 0.3 to 0.6 mieron in 

well into the substrate. Not forming at any time a true aerial j /<ff 

by means of eonidia, produced singly at end of e^ 

substrate mycelium. Conidiophores short and either simple, j ^an 

in clusters. Strongly proteolytic and diastatic. Many are ‘ 

grow at 65°C. Usually saprophytes. These organisms occur mostly in hot compos 

manure, dust, soil and in lake bottoms. x /71 i 

The type species is Micromonospora chalcea (Foulerton) prskov. 

Key to the species of genus Micromonospora {0rskov Group III). 

I. Vigorously growing organisms, typically with copious spore formation on g 

A. TgefatTverycelium pale pink to deep orange, no typical soluble pigment. 

1. Micromonospora chalcea. «,,]nKlp 

B. Vegetative mycelium orange changing to brownish-black, brown 

pigment. 

2 . .l/tcromonospora/«sca. alncose- 

II. Slowly and feebly growing organisms, with scant spore formation 

asparagine-agar, no soluble pigment. 

A. Vegetative mycelium pale pink to pale orange. 

3. Micromonospora parva. 

B. Vegetative mycelium yellow to orange-red. 

4. Micromonospora glohosa. 

C. Vegetative mycelium blue. 

5. Micromonospora vulgaris. 

Note : This genus could be subdivided on the basis of the 
to temperature, since it includes a number of thermophilic for gnd 

at 55» to 65”C. mesophilic forms having ‘^eir optimum tempe 
organisms growing at low temperatures in the thermo- 

3 groups, based on the structure of the spore-bean g yp iaolated in pure 

philic forms, only representatives of the first group definitely been demon- 

culture although the existence of the other two groups has definitely 

strated in microscopic preparations. These are. 

Group 1. Simple spore-beanng hyphae. 

Group 2. Branching spore-bearing hyphae. 

Group 3. aSpore-bearing hyphae m clusters. 


1 Micromonospora chalcea (Fouler¬ 
ton) 0rskov. {Streptothrix chalcea Foul¬ 
erton. Lancet, 1, 1905. 1200; Aocardia 
chalcea Chalmers and Christopherson, 
Ann. Trop. Med. and Parasit., W, 1916, 
268; Prskov, Thesis, Copenhagen. 1923, 
156; Actinomyces chalcea Ford, Textb. of 


Bact., 1927. 221 .) From Greek cAa/csv., 

bronze. , Linn- 

Description from ^.3 ‘ 

Soe. New So. Wales. 17, '^"^yeeliuB 

Formation of a .^v ,itu- 

which forms distally sur- 

ated spores. Noaenal hyphse- 
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face growth in liquid medium. The 
organism resists desiccation for at least 
8 montlis. Comparison between the 
power of resistance of the mycelium and 
the spores, respectively, will no doubt 
present great difficulty, because it is al¬ 
most impossible to ensure that the two 
constituents are actually detached. 
Otherwise, the mycelium is but slightly 
capable of germinating, which may be 
ascertained by inoculating a water agar 
plate liberally with a mixture of mycelial 
threads and spores. While practically 
all the spores germinate, the mycelial 
threads were never found to form new 
colonies. 

Vegetative mycelium on glucose-as¬ 
paragine-agar: Heavy, compact, raised, 
pale pink to deep orange, not spreading 
much into the medium. Spore-layer w’ell 
developed, moist and glistening, brown¬ 
ish-black to greenish-black, this color 
sometimes spreading through the whole 
mass of growth. 

Gelatin is liquefied. 

Grows in liquid media as small firm 
orange granules or flakes. 

Milk is digested with a faintly acid 
reaction, mostly after a previous coagula¬ 
tion. 

Many strains invert sucrose. 

Some strains produce nitrites from 
nitrates. 

Starch is hydrolyzed. 

Most strains decompose cellulose. 

Proteolyticactionseems stronger in this 
than in the other species of this genus. 

Optimum temperature for grow'th 30® 
to 35®C. Thermal death point of my¬ 
celium, 70®C in 2 to 5 minutes. Spores 
resist 80®C for 1 to 5 minutes. 

Habitat: Soil, lake mud and other sub¬ 
strates. In addition to the above ref¬ 
erences, see Hrikson (Jour. Bact., 

1941, 299) and Umbreit and McCoy (A 
Symposium on Hydrobiology, Univ. of 
Wisconsin Press, 1941, 106-114). 

2. Micromonospora fusca Jensen. 
(Proc. Linn. Soc. New So. Wales, 67, 
1932, 178.) Prom Latin ftiscu^, dark, 


Vegetative mycelium on glucose-as¬ 
paragine-agar heavy, compact, orange, 
rapidly changing to deep brown and 
nearly black; spore-layer moist, glisten¬ 
ing, grayish- to brownish-black. Deep 
brown soluble pigment. 

Gelatin is liquefied. 

Grows in liquid media as small brown 
granules and flakes. 

Milk is slowly digested; no coagulation. 
Sucrose is inverted. 

Reduction of nitrates, positive or nega¬ 
tive. 

Cellulose is attacked to a slight extent. 
Starch is hydrolyzed. 

Habitat: Soil. 

3. Micromonospora parva Jensen. 
(Proc. Linn. Soc. New So. Wales, 67, 
1932, 177.) From I.Atin parvus, small. 

Scant growth on glucose-asparagine- 
agar; vegetative mycelium thin, spread¬ 
ing widely into the agar, almost colorless 
to pale pink or orange. Sporulation 
scant, giving rise to thin grayish, moist 
crusts on the surface. 

Gelatin is liquefied. 

Milk is left unchanged; or coagulated, 
slowdy redissolved wdth faintly acid reac¬ 
tion. 

Sucrose not inverted. 

Nitrates not reduced. 

Cellulose not decomposed. 

Starch is hydrolyzed. 

Habitat: Soil. 

4. Micromonospora globosa Krassilni- 
kov. (Ray Fungi and Related Or¬ 
ganisms. Izd. Acad. Nauk, Moskow, 

1938, 134; Microbiology, U. S. S. R., 8 , 

1939, 179.) From Latin globosus, spheri¬ 
cal. 

A fine (0.5 to 0.8 micron in diameter) 
monopodially branching mycelium. 
This mycelium breaks soon into separate 
pieces of varying length and irregular 
outline. Conidia are formed at the ends 
of short branches, one on each. Indi¬ 
vidual branches with conidia resemble 
grape vines. The conidia are spherical. 

1.0 to 1.3 microns; they arise by the 
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swelling of the branch tips. The swell¬ 
ings become round, acquire the shape of 
spheres, which, as the formation of the 
conidia proceeds, are divided from the 
branch by a transverse septum. 

Gelatin is liquefied. 

Colonics: Rugose, at first very com¬ 
pact, later acquire a pasty consistency, 
and their bond with the medium becomes 
not so fast. The color of the cultures 
varies from light yellow to orange-red. 
During fruit-bearing the colonies are 
covered with a brownish-black tarnish 
of conidia. 

In meat-peptone broth, ammonia is 
produced. 

Milk: Coagulation; peptonization. 

Nitrites are produced from nitrates. 

Sucrose is inverted. 

Cellulose not decomposed. 

Starch is hydrolyzed. 

Habitat: Soil. 

5. Micromonospora vulgaris (Tsilin- 
sky) Waksman, Umbreit and Gordon. 
(Thermophile Cladolkrix, Kedzior, Arch. 
Hyg., ^7, 1896, 328; Tkermoactinomyces 
vulgaris Tsilinsky, Ann. Inst. Past., IS, 
1899, 501; Actinomyces monosporus 

Schiitze, Arch. f. Hyg.. 67, 1908, 50 (A^o- 
cardia monospora Chalmers and Chris- 
topherson, Ann. Trop. Med. and Para- 
sit., to, 1916, 271); Actinomyces glaucus 
Lehmann and Schutze, in Lehmann and 
Neumann, Bakt. Diag., 5 Aufl., 9, 1912, 
641 {Nocardia glauca Chalmers and 
Christopherson, loc. cil.)\ Micromonos^ 
pora coerulea Jensen, Proc. Linn. Soc. 
New So. Wales, 67, 1932,177; Waksman, 
Umbreit and Gordon, Soil Sci., 47, 1939, 
51.) From Latin vulgaris, common. 

Morphologically the development of 
this organism is entirely comparable to 
that of the mesophilic form described by 
Jensen. The young mycelium show's 
slightly more branching than that pro¬ 
duced by species of Streplnmyces. 
Spores are borne at the end of short 
branches from which they arc easily 
broken. The aerial mycelium, though 
present, is usually rudimentary, rarely 
exhibiting the tangled network of strands 


typical of species of Slreptomyces. Ther¬ 
mophilic strains of Micromono8j:ora 
vulgaris differ thus from the mesopliilic 
forms, which show no trace of aerial my* 
ceiium. Fragmentation has not been 
seen in slide cultures of the organism 
thus far isolated, but it was found to oc¬ 


cur in smear preparation. 

According to Jensen, the mesophilic 
strains grow slowly on glucose-aspara- 
gine-agar; vegetative mycelium dense, 
dark greenish-blue, with a hard and glossy 
surface. Sporulation very scant. Ihe 
surface sometimes shows a thin white 
veil resembling aerial mycelium, but 
without aerial spores. 

Gelatin: Liquefaction. 

Good growth on beef-peptone agar, 
potato, milk, beef-peptone broth, etc. 
Grows in liquid media as fairly 
firm, round, white to pink granu es 
(Jensen). Usually a white, powdery, 
thin aerial mycelium is produced 
is hardly raised above the surface. 

soluble pigment is formed. 

Czapek’s agar: Growth white, powdery, 

slightly raised. , . 

Broth: A tough white pelhde and m 

many instances a considerable num er 

ball-like colonics at the bottom o 

tube. No turbidity. 

Milk: Coagulated and digested. 
Nitrites not produced from nitrates. 


Sucrose not inverted. 

Cellulose not decomposed. 

Starch is hydrolyzed. -nhilic 

Optimum temperature of therm 
forms 57^C. Growth range 48 to W 
Habitat: Straw, soil, high e pe 


ture composts. 


The following anaerobic 
een described: 

rTl«4 S and 

ir. Bact., 4S, W*- ' 
set.. SJ, 1946. 5U J 
•y tract of the wood.e.t.ng 

nitermes minimus)- 
, or eellulose to form 

, acids and COi. Obl.*»t« 
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ORDER III. CHLAMYDOBACTERIALES BUCHANAN. 

(Jour. Bact., 2 , 1917, 162.) 

Filamentous, colorless, alga-like bacteria. May or may not be ensheatliccl. 
They may be unbranched or may show false branching. False branching arises from 
a lateral displacement of the cells of the filament within the sheath which gives rise 
to a new filament, so that the sheath is branched while the filaments are separate. 
The sheath may be composed entirely of iron hydroxide, or of an organic matrix 
impregnated with iron, or may be entirely organic. The filaments themselves may 
show motility by a gliding movement like that found in the blue-green algae (0sci7/a- 
toriaceae). Conidia and motile flagellate swarm cells may bo developed, but never 
endospores. Fresh water and marine forms. 

Key to the faitiilies of order Chlamydobacteriales.* 

I. Alga-like filaments which do not contain sulfur globules. False branching mav 
occur. 

A. Usually free flouting filaments. Motile swarm cells may be formed. 

Family I. Chlamydobacteriaceae, p. 9S1. 

B. Attached filaments which show a differentiation of base and tip. Xon-motile 

conidia formed in the swollen tips of the filaments. 

Family II. Crenothrichaccae, p. 987. 

II. Alga-like, unbranching filaments which may contain sulfur globules when growing 
in the presence of sulfides. Filaments may be motile by a creeping or sliding 
movement along a solid substrate. 

Family III. Rcggiatoaceae, p. 988. 

FAMILY I. CHLAMYDOBACTERIACEAE MIGULA.** 

(Arb. Bakt. Inst. Hochschule, Karlsruhe, 1 , 1894, 237.) 

Filamentous bacteria which frequently show false branching. Sheaths may or 
may not be impregnated with ferric hydroxide. Cells divide only transversely. 
Swarm cells, it developed, are usually motile by means of flagella. Usually found 
in fresh water. 

Key to the genera of family Chlamydobacterlaceae. 

I. Showing typical false branching. 

A. Sheaths entirely organic, not impregnated with ferric hydroxide. 

Genus 1. Sphaerotilus, p. 982. 

B. Sheaths impregnated with ferric hydroxide. 

Genus II. Clonothrix, p. 983. 

II. Unbranched or rarely showing false branching. 

A. Sheaths or holdfasts impregnated w'ith ferric hydroxide. 

Genus III. Leptothrix, p. 983. 

• In Appendix I, p. 996, will be found a group of non-filamentous, non-sheath¬ 
forming, colorless sulfur bacteria, as the family Achromatiaccae. Their true rela¬ 
tionships are as yet obscure, and they have been attached as an Appendix to the 
Chlamydobacteriales largely on account of the similarity of their metabolism to that 
of the Beggiatoaceae. 

•• Completely revised by Prof. A. T. Henrici, University of Minnesota, Minneap- 
^ifl, Minnesota, December, 1938; further revision by Prof, Robert S. Breed, New 
York State Experiment Station, Geneva, New York, July, 1946. 
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Genus I. Sphaerotilus Kutzing. 

(Kiitzing, Linnaea, 5, 1833, 385; Cladothrix Cohn, Beitr. z. Biol. d. Pflanz., 
Heft 3, 1875, 185.) From Greek sphaera, sphere. 

Attached, colorless threads, showing false branching, though this may be rare in 
some species. Filaments consist of rod-shaped or ellipsoidal cells, surrounded by a 
firm sheath. Multiplication occurs both by non-motile conidia and by motile swarm 
cells, the latter with lophotrichous flagella. 

The type species is Sphaerotilus natans Kutzing. 


1. Sphaerotilus natans Kutzing. 
(Kutzing, Linnaea, 8, 1833, 385; not 
Sphaerotilus natans Sack, Cent. f. Bakt., 
II Abt., 65, 1925, 116; Cladothrix natans 
Migula, in Engler and Prantl, Die naturl. 
Pflanzenfam. /, la, 1895, 46.) From 
Latin natans, swimming. 

Cells cylindrical, surrounded by a 
sheath which is slimy in character, 2 to 
3 microns in diameter. False branching 
rare. 

Multiplication occurs through the 
formation of conidia within the sheath 
of the vegetative cells, from which they 
swarm out at one end, swim about for a 
time, then attach themselves to objects 
and develop into delicate filaments. 

Gelatin rapidly liquefied, requires 
organic nitrogen, does not grow in the 
ordinary peptone solution, grows best 
with low concentrations of meat extract 
(Zikes, Cent. f. Bakt., II Abt., 4S, 1915, 
529). 

The culture cultivated and described 
as Sphaerotilus natans by Sack (Cent. f. 
Bakt., II Abt., 65, 1925, 116) was identi¬ 
fied as Bacillus mycmdes by Haag {ibid., 
69, 1926, 4). 

Source: Originally found in polluted 
w'aters. May become a real nuisance in 
sewage purification plants of the acti¬ 
vated sludge type (Lackey and Wattie, 
U. S. Pub. Health Ser., Pub. Health 
Repts., 56, 1940,975) and in streams pol¬ 
luted with sulfite liquor from pulp and 
paper mills (Lackey, Mimeographed 
Kept. U. S. Pub. Health Ser., 1941). 

Habitat: Stagnant and running water, 
especially sewage polluted streams. 

2. Sphaerotilus dlchotomus (Cohn) 
Migula. {Cladothrix dichotoma Cohn, 


Beitr. z. Biol. d. Pflanz., 1, Heft 3, 1875, 
185; Migula, Syst. d. Bakt., 2, 1900,1033; 
Sphaerotilus natans var. cladothni 
Butcher, Trans. Brit. Myc. Soc., 17, 
1932,112.) From Greek dichotomos, cut 

in two parts, forked. 

The identity of this species as distinct 
from Sphaerotilus natans has been ques¬ 
tioned. Cohn’s description applied to 
filaments 0.3 micron in diameter, while 
all later authors have applied the name 
to a much larger organism (2 to 4 microns 

in diameter). 

Zikes (Cent. f. Bakt., II Abt., j3, 1915- 
529) gives the following differential char¬ 
acters: Cells smaller than Sphaerolil^^ 
natans, 1.5 to 2.5 microns; false branc 
ing constant; grows best in high concen 
trations of meat extract; will grow m 
ordinary peptone solutions; can uti iz® 
inorganic nitrogen; liquefies gelatin 

slowly. 

Source: Found by Cohn in water con 

taining Myconosloc. , 

Habitat: Comparatively unpollute 
fresh water capable of sustaining a ga 

3. SphaerotUus fluitans (Migula) Schi- 
kora. {Streptothrix fluitans 

Engler and Prantl, Die naturl. P 

fam., 1, la, 1895, 38; Schikora, 2ts^.^ 
Fiacherei, 7, 1899. 1-28; Chlamydoth^ 
fluitans Migula, Syst. d. Bakt., ’ 

1033; Leptothnx fluitans ^ 

Determ. Bact., 1901, 370.) From Lati 

fluitans, flowing, floating. 

Very thin attached ® . |gh 

rounded by a soft sheath, rom 
almost spherical conidia issue 
attaching themselves to the ex e 
the sheath, where they multiply- 
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Habitat: Swamp water or sewage pol¬ 
luted waters. 

Appendix: Additional species have 
been described as belonging in this genus. 
Those described by Ravenel have gener¬ 
ally been overlooked although he was 
one of the earliest workers to culture 
these organisms. The list follows; 

Cladothrix fungiformis Ravenel. 
(Mem. Nat. Acad. Sci., 8, 1896, 19.) 
From deep virgin soil. 

Cladothrix ititestinalis Ravenel (/oc. 
cit., 18). From virgin soil. 

Cladothrix non-liquefaciens Ravenel 


(loc. ciL, 16). From deep made soil. 

Cladothrix profundus Ravenel (loc. 
cit., 17). From deep made soil. 

Cladothrix ramosa Gasperini. (Atti 
d. Soc. toscana d’lg., 2, 1912, 000.) 
From water. 

Cladothrix reticularis Naumann. 
(Kungl. Svenska Vetenskapsakad. 
Hand!., I, 62, Part 4, 1921, 44; Sphaero- 
tilus reticularis Cataldi, Thesis, Univ. 
Buenos Aires, 1939, 55.) From Aneboda 
region, Sweden. 

Sphaerotilus roseus Zopf. (Beitrage 
2 . Physiol, u. Morph, nieder. Organis- 
men, 1892, 32.) From water. 


Genus II. Clonothrlx Roze. 

(Jour. d. Bot., 10, 1896, 325.) From Greek klon, a twig and thrix, hair. 

Attached filaments showing false branching as in Sphaerotilus. Sheaths organic, 
encrusted with iron or manganese, broader at the base and tapering toward the tip. 
Cells colorless, cylindrical. Reproduction by spherical conidia formed in chains by 
transverse fission of cells; conidia formation acropetal, limited to short branches of 
the younger portion of the filaments. 

The type species is Clonolhrixfusca Roze. 


1. Clonothrlx fusca Roze. (Roze, 
Jour. d. Bot., 10, 1896, 325; Clonolhrix 
fusca Schorler, Cent. f. Bakt., II Abt., 
12, 1904, 689; Crenothrixfusca Dorff, Die 
Eisenorganismcn, Pflanzenforschung, 
Heft 16, 1934, 41.) From Latin fuscus, 
brown. 

Cells cylindrical with rounded ends, 
2 by 10 microns, becoming larger toward 
the base and smaller toward the tips of 
the filaments. 

Sheaths 7 microns at the base to 2 mi¬ 
crons at the tips. 

Conidia about 2 microns in diameter. 

This organism was described by Roze 
as a blue-green alga, but subsequent 
observers have failed to find pigment. 
It was described independently by 
Schorler who gave it the same name. 
Cholodny considered it identical with 
Crenothrix polyspora but Kolk (Amer. 


Jour. Bot., 25, 1938, 11) has clearly 
differentiated these species. 

Habitat: Waterworks and pipes. 

Appendix: Apparently the following 
species resemble Clonolhrix fusca: 

Clonolhrix tenuis Kolkwitz. (Kolk- 
witz, Schizomycetes in Kryptogamen- 
flora der Mark Brandenburg, 5, 1915, 
144; Crenothrix tenuis Dorff, Die Eisen- 
organismen, Pflanzenforschung, Heft 
16, 1934, 42.) From the settling basin 
of a sewage plant near Berlin. Dorff 
thinks this may have been a growth form 
of Crenothrix fusca Dorff. 

Mycothrix ahundans Naumann. 
(Kungl. Svenska Vetenskapsakad. 
Handl. I, 62, 1921, Part 4, 44.) From 
the Aneboda region, Sweden. The type 
species of the genus Mycothrix. 

Mycothrix clonotricoides Naumann 
(loc. cit., 54). From the Aneboda region, 
Sweden. 


Genus III. Leptothrlx Kutzing. 

(Ktitzing, Phycologia Generalis, 1843, 198; not Leptotrichia Trevisan, Reale 1st. 
Lombardo di Sci. e Lettere, Ser. 2, 12, 1879, 138; Detoniella DeToni and Trevisan, in 
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Saccardo, Sylloge Fungorum, 6, 1889, 929; Chlamydothrix Migula, Syst. d. Bakt., S, 
1900, 1030; Conidiothrix Benecke, Bau u. Leben d. Bakt., 1912, 489; Megalotkrix 
Sclnvers, Cent. f. Bakt., II Abt., 33, 1912, 273; Syncrolis Endcrlein, Sitzber. Gesell. 
Naturf. Freunde, Berlin, 1917, 312.) From Greek leptos, small and thnx, hair. 

filaments of cylindrical colorless cells, with a sheath at first thin and colorless, 
later thicker, yellow or brown, encrusted with ferric hydroxide. The oxide may be 
dissolved by dilute acid, whereupon the inner cells show up well. Multiplication is 
by division and abstraction of ceils and by motile cylindrical swarmers. False 

branching may occur. 

The type species is Leptothrix ochracea Kiitzing. 


Key to the species of genus Leptothrix. 


I. Filaments not spirally twisted. 

A. Free swimming, not attached. 

1. Sheath homogeneous, cylindrical. 

1. Leptothrix ochracea. 

2. Sheath composed of a bundle of fine parallel filaments. 

2. Leptothrix Irichogenes. 

B. Attached to a substrate by a holdfast. 

1. Arising singly, each filament from its own holdfast. 

a. Filaments show false branching. 

3. Leptothrix discophora. 
aa. Filaments unbranched. 

4. Leptothrix sideropous. 

2. Numerous filaments arising from a common holdfast. 

a. Filaments large, uniform in diameter. 

6. Leptothrix lupholea. 
aa. Filaments smaller, tapering toward the tip. 

0. Leptothjix eckinala. 

II. Filaments spirally twisted. 

A. Epiphytic, growing twisted around filamentous algae. 

7. Leptothrix epiphylica. 

B. Not epiphytic. 

8. Leptothrix pseudovacuolata. 


1. Leptothrix ochracea KUtzing. 
(Kiitzing, Phycologia Generalis, 1843, 
198; Lyngbya ochracea Thuret, Ann. 
Sci. Nat. Bot., VI, 1, 1875,279; Beggialoa 
ochracea Gasperini, Ann. dTgiene Sper., 
2, 1912, 000; Chlamydothrix ochracea 
Migula, Syat. d. Bakt., 2, 1900, 1031.) 
From Latin ochra, yellow. 

Long filaments, free-floating, never 
attached to a substrate, never branch- 
ing. Filaments 1 micron in thickness, 
comp«’Sed of rod-like colorless cells, sur¬ 
rounded in young filaments by a delicate 
Bheath which later becomes yellow to 
brown in color. 


heath homogeneous, 
ring in dilute hydrochloric 
^hen the sheath becomes very 
filaments creep out of the shea 
rete a new one, so that many ^ 
aths are found. Polar j 

tile, swarm-cells have been obse 


A A 




^ * 


2. LeptothrU trlchogenes 
(Cholcdny, Cent. f. Bakt.. " 

1924, 292; Tozolhnz ferrusim j , 

Die Eisenbakterien in Japan, ■ 

Tohoku J. Univ., 4 Ser. Biol., 1, 
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13.) From Greek thrix, hair and geiw, 
producing. 

Long, slender, articulated filaments, 
free-floating, never branched. Fila¬ 
ments 0.5 micron in thickness, composed 
of rod-like colorless cells. 

Filaments surrounded by a fine sheath. 
This sheath ruptures longitudinally and 
rolls up as a fine hair-like body at one 
side of the filament. This process con¬ 
tinually repeated leads to the develop¬ 
ment of a thick sheath composed of 
numerous hair-like bodies arranged in 
parallel bundles, which are easily sepa¬ 
rated from the filament. The sheath is 
completely dissolved in dilute hydro¬ 
chloric acid. 

Mode of reproduction is unknown. 

Habitat: Iron-bearing waters. 

3. Leptothrix disccphora (Schwers) 
Dorff. {Megalolhrtx discophora Schwers, 
Cent. f. Bakt., II Abt., 33, 1912, 273; 
Lcptothrix crassa Cholodny, Cent. f. 
Bakt., II Abt., 61, 1924, 292; Chlamydo- 
Ihrix discophora Naumann, Bor. d. 
Deutsch. Bot. Ges., 46, 1928, 141; Dorff, 
Die Eisenorganismon, Pflanzenforsch- 
ung, Heft 16, 1934, 31.) From Latin 
discus, disk and Greek phorous, to bear. 

Long, slender, articulated filaments 
composed of elements of varying length 
showing false branching (Cholodny, loc. 
cit., 297). Usually attached to a sub¬ 
merged substrate but may be free-float¬ 
ing. 

Filaments surrounded by a heavy 
sheath, thick (10 to 15 microns) at the 
base, tapering toward the free tip, 
heavily impregnated with ferric hy¬ 
droxide. 

Reproduction by motile swarm cells 
liberated from the tip, and also by the 
emergence of the filament from the 
sheath, with subsequent breaking up 
into individual non-motile cells (co- 
nidia). 

Habitat: Water. 

4. Leplothrlx slderopous (Molisch) 
Cholodny. {Chlamydolhriz sideropous 


Molisch, Die Eisenbakterien, 1910, 14; 
Gallionella sideropous Xaumann, Kungl. 
Svenska Vetenskapsakad., 62, 1021, 33; 
Cholodny, Die Eisenbakterien, Pflanzen- 
forschung, Heft 4, 1926, 25.) From 
Greek sideros, iron. 

Short, unbranched filaments composed 
of rod-shaped cells of varying length, 
0.6 micron in diameter. 

Sheath very thin, colorless, giving an 
iron reaction only at the base of the fila¬ 
ment. Attached by a broad holdfast 
which gives a marked iron reaction. 

Habitat: Found in water, growing on 
submerged surfaces. 

5. Leptothrlx lopholea Dorff. (Die 
Eisonorganismen, Pflanzenforschung, 
Heft 16, 1934, 33.) From Greek lophos, 
crest, tuft. 

Short, slender unbranched filaments, 
uniform in diameter, attached to a sub¬ 
strate, 5 to 13 filaments arising from a 
common holdfast. Filaments 20 to 33 
microns long, celKs 0.5 by 1.0 to 1.3 
microns. 

Sheaths composed of ferric hydroxide 
dissolve completely in dilute hydro¬ 
chloric acid. 

Filaments creep out of the sheath as in 
Leplothrix ochracea. 

Habitat: Water. 

6. Leptothrix echinata Beger. (Cent, 
f. Bakt., II Abt., G8, 1935, 401.) From 
Latin echinatus, bristled. 

Similar to the preceding species, but 
occurring in larger colonies, 20 to 50 
filaments arising from a common hold¬ 
fast. Filaments are shorter (9 to 10 
microns). 

Sheath is thicker at the base and tapers 
toward the free tip of the filaments, 
which are slightly spiral. The sheath 
contains an organic matrix visible after 
treatment in dilute hydrochloric acid. 

Habitat: Found in water, especially 
in manganese-bearing waters. 

7. Leptothrlx epiphytlca (Migula) Ches¬ 
ter. (Streploikrix epiphylica Migula, 
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in Engler and PrantI, Die natlirl. Pflan- 
zenfam., 1, la, 1895, 38; Lynghya epiphy- 
tica Hieronymus, in Kirchner, ibid., 67; 
Chester, Manual Determ. Bact., 1901, 
370; Leptothrix volubilis Cholodny, 
Cent. f. Bakt., II AM., 61, 1924, 292; 
Chlamydothrix epiphytica Naumann, 
Ber. d. Deutsch. Bot. Ges.,4^, 1928,141.) 
From M.L. epiphyticus, epiphytic. 

Long cylindrical unbranched filaments 
growing spirally around filaments of 
Tolypolhrix, Oedogonium, etc. Cells 
rod-shaped, 1 by 2 microns. 

Sheaths cylindrical, encrusted with 
iron. 

Cells may leave the sheaths as in 
Leptothrix ochracea. 

Habitat: Water. 

8. Leptothrix pseudovacuolata (Per- 
filiev) Dorff. (Spirothrix pseudovacuo¬ 
lata Perfiliev, Verh. d. Int. Verein. f. 
theor. u. angew. Limnologie, 1925, 
Stuttgart, 1927; Dorff, Die Eisenorganis- 
inen, Pflanzenforschung, Heft 16, 1934, 
36.) From Greek, having false vacuoles. 

Filaments 85 to 250 microns in length, 
unbranched, spirally wound, occasion¬ 
ally straight. Strongly encrusted with 
ferric hydroxide. Spirals 20 to 24 mi¬ 
crons from crest to crest. 

Cells rounded at the ends, thin-walled, 
granular, 1.7 to 2.8 by 3.5 to 30 microns. 

Apparently heterotrophic. 

Habitat: Found in bottom muds of deep 
lakes with very low oxygen content. 

Appendix: The following simple, fila¬ 
mentous organisms have also been placed 
in the genus Leptothrix or appear to 
belong here: 

Chlamydothrix thennalis Molisch. 
(Die Eisenbakterien in Japan. Sc, Re¬ 
port Tohoku J. Univ., 4 Ser. Biol., 1, 
1923,135; Leptothrix thermalis Dorff, Die 


Eisenorganismen, Pflanzenforschung, 
Heft 16, 1934, 38.) From hot springs 
in Japan. 

Leptothrix hyalina (Migula) Bergey et 
al. {Strepiothrix hyalina Migula, in 
Engler and PrantI, Die natiirl. Pflanzen- 
fam., 1, la, 1895, 38; Chlamydothrix hya¬ 
lina Migula, Syst. d. Bakt., 1900,1003; 
Bergey et al., Manual, 1st ed., 1923,391.) 
From swamp water. 

Leptothrix major Dorff. (Die Eisen¬ 
organismen, Pflanzenforschung, Heft 16, 
1934, 35.) From Spree River water near 


Berlin. 

Leptothrix winogradskii Cataldi. 
(Thesis, Univ. Buenos Aires, 1939, W.) 


From water. 

Lieskeella bijida Perfiliev. (Perfiliev. 
Verh. d. internat. Vereinigung f. theoret. 
u. angew. Limnologie, 1925, Stuttgart, 
1927; quoted from Dorff, Die Eisen¬ 
organismen, Pflanzenforschung, Heft 16, 
1934, 27; also designated Lieskeella bi- 
JilaHs by Perfiliev.) From iron beanng 
water. Shows gliding movements simi¬ 
lar to blue-green algae. The type sp^ 
cies of the genus Lieskeella Perfiliev. 

Sideromyces glomerata Naumann. 
(Quoted from Dorff, Die Eisenorgams 
men, Pflanzenforschungen, Heft » 
1934,27.) From swamps in the Anebo a 

region of Sweden. This is the type 
species of the genus Sideromyces syn. 


’ycogallionella Naumann. 
Sphaerothrix latens Perfiliev. ( 
iev, Verh. d. internat, Vereinigung i- 
eoret. u. angew. Limnologie, ■ 
.uttgart, 1927; quoted from DorH, u 

isenorganismen, Pflanzenforsc ^ 

eft 16, 1934, 29.) From a F®* * 

small pond near Leningrad. 1^ 

e type species of the genus op 

^ showing 




a concentric structure. 
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FAMILY II. CRENOTHRICHACEAE HANSGIRG.* 

(Oaterr. Bot. Ztschr., 36, 1888, 228.) 

Filaments not branched, attached to a firm substrate, showir»g differentiation of 
base and tip. Sheaths plainly visible, thin and colorless at the tip, thick and en¬ 
crusted with iron at the base. Cells cylindrical to spherical, dividing in three planes 
to produce the spherical non-motile conidia. 

Genus I. Crenothrix Cohn. 

(Cohn, Beitr. z. Biol. d. Pflanz., 7, Heft 1, 1870, 108; Phragmidiothriz Engler, 
Verh. Bot. Ver. Brandenb., 2^, 1882,19.) From Greek crenos, spring and thrix, hair. 

Characters as for the family. 

The type species is Crenothrix polyspora Cohn. 


1. Crenothrix polyspora Cohn. (Beitr. 
z. Biol. d. Pflanz., /, Heft 1, 1870, 108; 
Hypheothrix kuehniana Rabenhorst, 
Flora europ. algarum. Sect. II, 88; Lep- 
tothrix kuehniana Rabenhorst, Algen 
Sachsens, No. 284; Crenothrix kuehniana 
Zopf, Zur Morphologic der Spaltpilzen, 
1882, 36; Crenothrix manganijera Jack- 
son, Hyg. Rund., iJf, 1904, 19.) From 
Greek, many spores. 

Long, articulated filaments, un¬ 
branched, enclosed in a sheath which 
becomes expanded toward the tip. The 
sheath is composed of organic matter 
encrusted with iron. Filaments, in¬ 
cluding the sheath, measure 2 to 9 mi¬ 
crons in diameter. 

Vegetative cells vary markedly in 
length from long cylindrical to short 
ovoid forms. 

Conidia, spherical, 1 to 2 microns in 
diameter, are liberated from the ex¬ 
panded tips of the sheaths. They are 
non-motile. 

Cultivation: Has not been grown on 
artificial media in pure culture. 

Conidia may germinate upon the ex¬ 


terior of the sheath from which they 
have been liberated, giving rise to new 
filaments attached to the surface of the 
older one, presenting a simulation of 
false branching. 

Cholodny believed Clonothrix fusca 
to be identical with Crenothrix poly¬ 
spora. However, C/onof/jn’j/usca shows 
genuine false branching and produces 
conidia by fission in only one plane, so 
that the filaments taper toward the tip 
instead of expanding (see Kolk, Amer. 
Jour. Bot., 26, 1938, 11) for a clear cut 
differentiation of these two species. 

Source: This organism is wide-spread 
in water pipes, drain pipes and springs 
where the water contains iron. It fre¬ 
quently fills pipes under such circum¬ 
stances and causes a real nuisance. 
Found by Cohn in samples of water from 
springs in the neighborhood of Breslau, 
Germany. 

Habitat: In stagnant and running 
waters containing organic matter and 
iron salts, growing as thick brownish or 
greenish masses. 


• Completely revised by Prof. A. T. Henrici, University of Minnesota, Minneap¬ 
olis, Minnesota, December, 1938; further revision by Prof. Robert S. Breed, New 
York State Experiment Station Geneva, New York, July, 1946. 
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FAMILY III. BEGGIATOACEAE MIGULA.* 

(Arb. Bakt. Inst. Karlsruhe, /, 1894,238; in part, Leuco-Thiobacteria Bavendamm, 
Die farblosen and roten Schwefelbakterien, Pflanzenforschung, Heft 1924, 102.) 

Filamentous organisms, composed of chains of cells. Individual cells generally 
not visible without staining. Structure very similar to that of Oscillatoriacene, but 
devcid cf chlorophyll and phycocyanin. When growing in the presence of hydrogen 
sulfide, the filaments contain sulfur globules. Special reproductive structures 
unknowTi. 

In proposing the family Beggiaioaceae for the two genera of this subgroup known 
in 1894, Migula remarked that “it would be best to combine them with the Oscilld' 
toriaceae and classify them among the Schizophyta” (Arb. Bakt. Inst. Karlsruhe, /, 
1894,238). The same authority has stated: “Also in view of their internal structure 
the species of Beggiatoa are so similar to those in the genus Oscillaria that they can 
hardly be separated generically” {in Engler and Prantl, Die nattirl. Pflanzenfam., 

I, la, 1895.41). 

Since then, the close relationship between the filamentous, colorless sulfur bacteria 
and the blue-green algae of the family Oscillaloriaceae has become increasingly clear. 
A particularly important lino of evidence is supplied by the discovery of sulfur bac¬ 
teria paralleling each of the major genera of the Osct’Wa/onaccae. The family Beggta- 
toaceae Migula is retained for these filamentous sulfur bacteria. Taxonomically 
they could readily be classified as colorless members of the class Sckizophyceae. 

Key lo the genera of family Beggiaioaceae. 

I. Filaments non-motile. Grow attached by means of holdfast at base. 

Genus I. Tkiothrix^ p. 988. 

II. Filaments motile, like Oscillntoria, by creeping or sliding movements along a 

solid substrate. Not attached. 

A. Occurring singly, not embedded in a common slime-sheath. 

1. Filaments straight or bent, but not permanently coiled. 

Genus II. Beggialoa, p. 990. 

2. Filaments coiled or spirally wound. 

Genus III. Thinspirillopsis, p. 993. 

B. Occurring in bundles, embedded in a common slime-sheath. 

Genus IV. Thtoploca, p. 993. 


Genus I. Thlothrlx Winogradsky. 

(Beitr. z. Morph, u. Physiol, d. Bakt., I, Schwefelbacterien, Leipsig, ISSS, 
39.) From Greek Ikeion, sulfur, and thrix, hair. ^-ffprPntiated into 

Filaments non-motile, segmented, with a delicate sheath, hold- 

base and tip. Grow attached at base to solid objects by means of J j ao- 

fast. Reproduction by transverse fission of the segments, and by ^ 
called conidia, probably arising by the apical segments becoming frce^ 
the conidia show creeping motility, settle on solid objects, and gro 

^^The type species is Thiotknx nivea (Rabenhorst) .i,e diameter 

The following key to the species of the genus Thiothni is based up _ — 

• Completely revised by Prof. C. B. Van Niel, Hopkins Marine Station, Pacific 
Grove, GaUfomia, January, 1944. 
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of the filaments and their habitat, the only criteria used by previous authors for the 
differentiation of the seven published species. The v.alidity of these distinguishing 
characteristics is, however, doubtful because their constancy has not been sutficienl Iy 
established; so far the morphology of the Thiolhrix species has not been studied in 
pure cultures. 


Key to the species of genus Thiothrlx. 

I. Found in fresh water environments. 

A. Diameter of filaments about 2 (1.4 to 3.0) microns. 

1. Thiothrix nivea, 

B. Diameter of filaments about 1 micron. 

2. Thiothrix tenuis, 

C. Diameter of filaments less than 0.5 micron. 

3. Thiothrix tcnuissima. 

II. Found in marine environments. 

A. Diameter of filaments averages about 20 microns (actual range 15 to 30 mi¬ 

crons). 

4. Thiothrix voukii. 

B. Diameter of filaments about 4 (4.4 to 6.6) microns. Segments about 25 microns 

long. 

5. Thiothrix tongiarliculata. 

C. Diameter of filninents about 3 (1.8 to 5) microns. Segments about 1 micron 

long. 

6. Thiothrix annulata. 

D. Diameter of filaments about 1 (0.8 to 1.3) micron. 

7. Thiothix marina. 


1. Thlothriz nivea (Rabenhorst) Wino¬ 
gradsky. {Beggiatoa nivea Rabenhorst, 
Flora europaca algarum, 2^ 1865, 94; 
Leptolrichia nivea De Toni and Trevisan, 
in Saccardo, Sylloge Fungorum, 8, 1889, 
934; Symphyothrix nivea Wartman and 
Schenk, Schweiz. Kryptogamenflora; 
Winogradsky, Beitr. z. Morph, u. Phy¬ 
siol. d. Bact., I, Schwefelbacterien, 
1888, 39.) From Latin niveus, snowy. 

Filaments with a thin sheath, diameter 
2.0 to 3.0 microns at base, 1.7 microns 
in the middle, 1.4 to 1.5 microns at tip. 
As long as the filaments contain sulfur 
globules, segmentation is invisible; 
length of segments 4 to 15 microns, the 
longer ones usually near apex, the shorter 
ones near base. 

Motile segments (so-called conidia) 
mostly single, 8 to 15 microns long, some¬ 
times in short filaments of 2 to 4 cells 
and up to 40 microns long. These seg¬ 
ments may settle and develop near the 


base of the mother filament or on a fila¬ 
ment itself, forming verticillate struc¬ 
tures. These have been described as 
Thiothrix nivea var. verlicillala Miyoshi 
(Jour. Coll. Sci., Imp. Univ. Tokyo, 10, 
1897, 156). 

Habitat: Fresh water environments 
where hydrogen sulfide is present (sulfur 
springs, stagnant pools, on submerged 
decaying vegetation, etc.). 

2. Thiothrix tenuis Winogradsky. 
{Beggiatoa alba var. uniserialis Engler, 
tjb. die Pilz-Vegetation des weissen odor 
todten Gnindes inderKielcrBucht, 1883, 
4; Winogradsky, Beitr. z. Morph, u. 
Physiol, d. Bact., I, Schwefelbacterien, 
1888, 40.) From Latin tenuis, slender. 

Filaments about 1.0 micron in diam¬ 
eter, of nearly uniform thickness. Often 
in dense, felted masses. Segments 4 to 
5 microns long. 

Habitat: Fresh water environments 
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where hydrogen sulfide occurs. Accord¬ 
ing to Bavendamm (Die farblosen u. 
roten Schwefelbakt., Pftanzenforschung, 
Heft 2,1924,107) also found in soa water. 

3. Thiothrix tenuissima Winogradsky. 
(Beitr. z. Morph, u. Physiol, d. Bact., I, 
Schwefelbacterien, 1888, 40; Thiothrix 
minutissima Uphof, Arch. f. Hydrobiol., 
18, 1927,77.) From Latin fcnwis, diminu¬ 
tive, verv slender. 

Filaments less than 0.5 micron in 
diameter, usually in dense masses. 

Habitat: Fresh water environments 
where hydrogen sulfide occurs. 

4. Thiothrix voukii Klas. (Arch. f. 
Protistenk., 88, 1936, 123.) Named for 
Vouk, a Russian scientist. 

Filaments 15 to 30, most frequently 17 
microns in diameter, of rather uniform 
thickness. Segments visible without 
special treatment. Segments generally 
somewhat longer than wide, rarely 
square, occasionally barrel-shaped. 
Length of segments 15 to 30, mostly 19 
to 23 microns. Motile segments not yet 
observed. 

Apart from the lack of motility, this 
species closely resembles the motile 
Beggiatoa mirabilis. 

Source: Found in effluent of sulfur 
springs at seashore near Split, Jugo¬ 
slavia. So far reported only once. 

Plabitat: Marine environments con¬ 
taining hydrogen sulfide. 

5. Thiothrix longiartlculata Klas. 
(Arch. f. Protistenk., 88, 1936, 126.) 
From Latin longxis, long and articulatus, 
jointed. 

Filaments 3.3 to 6.6, most frequently 
4.2 microns in diameter, of uniform 
thickness. Occur in dense, felted 
masses. Segments long, measuring 19 


to 33, mostly 26 microns in length. Sul¬ 
fur droplets usually absent in the pro.x- 
imity of cross-walls. Motile segments 
not yet reported. 

Source: Found in effluent of sulfur 
springs at seashore near Split, Jugo¬ 
slavia. So far reported only once. 

Habitat: Marine environments con¬ 
taining hydrogen sulfide. 

6. Thiothrix annulataMolisch. (Cent, 
f. Bakt., II Abt., S3, 1912, 58.) From 
Latin annulalus, ringed. 

Filaments 3 to 4, occasionally up to 5 
microns in diameter, thinner at base 
(2 microns) and at tip (1.8 microns). 
Segments only about 1 micron in length. 
Often found with narrow bands which 
are free of sulfur, thus giving a ringed 
appearance to the filaments. Old fili^' 
ments may show spacial thickening and 
distortion, but this is not characteristic 
for the species. 

Habitat: Mari neenvironments contain¬ 
ing hydrogen sulfide; frequently on de¬ 
caying algae. 

7. Thiothrix marina Molisch. (Cent, 
f. Bakt., II Abt., SS, 1912, 58.) From 
Latin marinus, pertaining to the sea. 

Filaments about 1 (0.8 to 1.3) micron 
in diameter, of rather uniform thic 
ness. Usually in felted masses. 

Resembles Thiothrix tenuis. Since 
the latter has been reported from manne 
environments (Bavendamm, Die ar 
blosenu. roten Schwefelbakterien,P ^ 

zenforschung. Heft 2, 19^1, 107), 
thrix marina may not be an independen 
species, but identical with Thiot rt 

tenuis. 

Habitat: Marine (?)environment8CO - 

taining hydrogen sulfide; frequent y o 
decaying algae. 


Genus II. Beggiatoa Trevisan. 

(Prospetto della Flora Euganea, 1842, 56.) Named for the Vicenia physici 

F. S. Beggiato. , to creamy 

Filamentous, motile, segmented organisms, occurnng singly or m wnii 

felted masses in which the separate filaments retain their individuality. 
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tached. Existence of a sheath not definitely established. Movements of the fila¬ 
ments dependent upon a solid substratum over which they slide in the same manner 
as species of Oscillatoria. Sliding movements often accompanied by rotation of 
filaments around long axis. Reproduction by transverse fission of segments; the 
filaments may also break up into smaller units, each continuing a separate existence. 
The latter mode of multiplication corresponds to that by means of the so-called 
motile conidia or segments in Thiothrix. 

The type species is Beggialoa alba (Vaucher) Trevisan. 

In this genus, also, the species so far described are differentiated on the basis of 
dimensions. The range of sizes for separate species appears, in most cases, quite 
arbitrary, especially in view of the existence of practically all intermediate stages. 
Since the smaller forms have been found both in fresh water and marine environments 
(Bavendamm, Die farblosen u. roten Schwefelbakterien, Pflanzenforschung, Heft 2, 
1924,104), the previously described Beggialoa marina has been omitted as a separate 
species. Pure culture studies may establish more staislactory methods of differen¬ 
tiation and a better understanding of speciation. 

Key to the species of genus Begglatoa. 

I. Diameter of filaments greater than 25 microns. 

1. Beggialoa giganlea. 

II. Diameter of filaments less than 25 microns. 

A. Diameter of filaments greater than 15 microns. 

2. Beggialoa mirahilis. 

B. Diameter of filaments less than 15 microns. 

1. Diameter of filaments greater than 5 microns. 

3. Beggialoa arachnoidea. 

2. Diameter of filaments less than 5 microns. 

a. Diameter of filaments greater than 2.5 microns. 

4. Beggialoa alba. 

aa. Diameter of filaments less than 2.5 microns. 

b. Diameter of filaments greater than 1 micron. 

5. Beggialoa leptomiliformis. 
bb. Diameter of filaments less than 1 micron. 

6. Beggialoa minima. 


1. Begglatoa glgantea Klas. (Arch. f. 
Mikrobiol., 8, 1937, 318; includes the 
arge forms of Beggialoa mirahilis Cohn, 
Hedwigia, 4, 1865, 81.) From Greek 
gigas, giant. 

Filaments 26.4 to 55, average 35 to 40 
microns in diameter. Klas, in his diag¬ 
nosis, gives 26.4 to 42.9 microns as dimen¬ 
sions. This would exclude the largest 
forms of Beggialoa mirahilis described 
by Hinze (Ber. d. deut. bot. Ges., 19, 
1901,369). Since the proposal of a sepa¬ 
rate species for such organisms appears 
at present unjustified, the maximum 
diameter has here been increased. Fila¬ 


ments clearly segmented; length of seg¬ 
ments 5 to 13, average 8.5 microns. 
Terminal cells rounded or tapering. 

When the filaments are in healthy 
condition they are of uniform width; 
bulging of the sides indicates unfavor¬ 
able conditions. 

Habitat: Apparently restricted to ma¬ 
rine environments containing hydrogen 
sulfide. Frequent on decaying marine 
algae. 

2. Begglatoa mlrabllls Cohn emend. 
Klas. (Cohn, Hedwigia, 4, 1865, 81; 
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Klas, Arch. f. Mikrobiol., 8, 1937, 318.) 
From Latin mirabilis, wonderful. 

Filaments 15 to 21.5, average 17 mi« 
crons in diameter. The so-defined spe¬ 
cies does not overlap with Beggiatoa 
giganlea according to Klas {loc. cil.). 
Segmentation usually observable with¬ 
out special treatment; segments 5 to 13, 
average 8.5 microns long. Terminal 
cells rounded or tapering, sometimes 
bent. 

When the filaments are in healthy 
condition they are of uniform width; an 
unfavorable environment induces bulg¬ 
ing of the sides. 

Habitat; Apparently restricted to ma¬ 
rine environments containing hydrogen 
sulfide. Common on decaying marine 
algae. 

Uphof (Arch. f. HydrobioL, 18, 1927, 
83) has created a species, Beggiatoa 
maxima, which on account of its diam¬ 
eter (10 to 20 microns) falls partly within 
the range of Beggiatoa mirabilis, partly 
within Beggiatoa arac/moidea. Since 
it was found in a fresh water environ¬ 
ment, the habitat of Beggiatoa rnirabilis 
may not be restricted to marine media. 

3. Beggiatoa arachnoidea (Agardh) 
Rabenhorst. {Oscillatoria arachnoidea 
Agardh, Uegensburger Flora, 1827, 634; 
Rabenhorst, Flora europaea algarum, 
1865, 94; Beggiatoa pellucida Cohn, Hcd- 
wigia, 4, 1865, 82; ? Oscillatoria beggia- 
ioides Arzichowsky, Bull. Jard. Imp. 
Bot., St. P^tersb.,1902,38,47; includes 
the larger members of Beggiatoa major 
Winogradsky, Beitr. z. Morph, u. Phy¬ 
siol, d. Bact., I, Schwefelbacterien, 18S8, 
25; and the smaller ones of Beggiatoa 
maxima Uphof, Arch. f. HydrobioL, 18, 
1927, 80.) From Greek, resembling a 
cobweb. 

Filaments 5 to 14 microns in diameter. 
Segmentation generally observable only 
afterspecial staining or removal of sulfur 
globules; segments 5 to 7 microns in 
length. Terminal cells rounded, often 
tapering. Filaments of uniform width. 


Habitat: Both fresh water and marine 
environments containing hydrogen sul¬ 
fide. 

s $ 

4. Beggiatoa alba (Vaucher) Trevisan. 
{Oscillatoria alba Vaucher, Histoire des 
Conferves d'eau douce, 1803, 198; Beg^ 
giatoa punctata Trevisan, Prospetto 
della Flora Euganea, 1842, 56; Beggiatoa 
alba var. marina Cohn, Hedwigia, 
1865, 83; Beggiatoa marina Molisch, 
Cent. f. Bakt., II Abt., S3, 1912, 58; in 
part, Beggiatoa major Winogradsky, 
Beitr. z. Morph, u. Physiol, d. Bact., L 
Schwefelbacterien, 1888, 25.) From La¬ 
tin albus, white. 

This is the type species of the genus. 

Filaments 2.5 to 5, most commonly 3 
microns in diameter, of even width. 
Segmentation difficult to detect in fila¬ 
ments containing many sulfur globules; 
segments 3 to 9 microns long, shortly 
after division practically square. Ter¬ 
minal cells rounded. 

Habitat: Both fresh water and marine 
environments containing hydrogen sul- 
fide. 

Distribution: Ubiquitous, and prob¬ 
ably the most common of the filn 
mentous sulfur bacteria. 

5. Beggiatoa leptomltifonnis (Mone- 
ghini) Trevisan. {Oscillatoria leptomUi- 
formis Meneghini, D:jIIe Alghe viven i 
nelie terme Euganee, 1844,122; Trevisan, 
Prospetto della Flora Euganea, 1812,56; 
Beggiatoa media Winogradsky, Beitr. 
Morph, u. Physiol, d. Bact., I, Schwc e 
bacterien, 1888,25.) From Greek leploj, 
small and mitos, thread and a i 
forma, shape. 

Filaments 1 to 2.5 microns in diame e . 
of uniform width. Segmentation onJ? 
observable after removal of sulfur g o 
ules; segments 4 to 8 microns in eng 
Terminal cells usually rounded. 

Habitat: Fresh water and marine * 

vironments containing hydrogen suf 



FAMILY BEGGIATOACEAE 


993 


6. Beggiatoa minima Winogradsky. 
(Winogradsky, Bcitr. z. Morph, u. 
Physiol, d. Bacterion, I. Schvvcfelbac- 
terien, 1888, 25; Bcggialoa minor Uphof, 
Arch. f. Hydrobiol., 18, 1927, 79; not 
Beggiatoa minima Warming, Om Nogle 
ved Danmarks Kystorlcvonde Baklerier, 
1876, 52, which from tho description is 


not a Beggiatoa,) From Latin mini- 
mus, least. 

Filaments less than 1 micron in diam¬ 
eter, of uniform width. Normally ap¬ 
pears unsegmented; length of segments 
about 1 micron. 

Habitat: Fresh water and marine en¬ 
vironments containing hydrogen sulfide. 


Genus III. Tblosplrlllopsls Uphof. 

(Arch. f. Hydrobiol., 18, 1927, 81.) From Greek Iheion, sulfur M.L. spirillum, 
spirillum and Greek opsis, appearance. 

Filamentous, colorless sulfur bacteria, segmented, and spirally wound. Exhibit 
creeping motility, combined with rotation, so that the filaments move forward uith 
a corkscrew-like motion. The tips produce oscillating movements. Resembles 
Spirulina among tho OscUlatoriaceae. 

The type species is Thiospirillopsis floridana Uphof. 


1. Thiospirillopsis floridana Uphof. 
(Arch. f. Hydrobiol., 18, 1927, 83.) 
Named from Florida, the place where 
it was first found. 

Filaments 2 to 3 microns in diameter. 
Segmentation dif^cult to observe with¬ 
out special precautions; segments about 
3 to 5 microns long. The spiral w indinga 
are regular. 

Source: Found in the sulfur spring 


water at Wckiwa Springs and Palm 
Springs, Florida. A very similar or¬ 
ganism has been observed at Pacific 
Grove, California, in a marine aquarium 
w’here hydrogen sulfide had been gener¬ 
ated by sulfate reduction. The genus 
Thiospirillopsis may, therefore, be more 
wide-spread than is generally believed. 

Habitat: Probably wddely distributed 
in water containing sulfur. 


Genus IV. Thioploca Laulerborn. 

(Ber.d. deut. botan. Ges.,^5,1907,233.) Name derived from Greek sulfun 
and ploka, braid. 

Filaments of Beggiatoa-Wke appearance, but occurring in parallel or braided 
bundles, enclosed by a common wide slime-sheath. The latter is frequently incrusted 
on the outside with detritus. Within the sheath the individual filaments are motile 
in the manner of Beggiatoa', the filaments are segmented, the terminal segments often 
tapering. 

Resembles closely the genera Hydrocoleus and Microcoleus among the Oscilla- 
ioriaceae. 

It is doubtful whether the members of the genus Thioploca arc true colorless sulfur 
bacteria; most investigators of these forms have reported a greenish-blue coloration 
of the filaments. Only the regular occurrence of sulfur droplets in filaments taken 
from their natural habitat stamps the organisms as sulfur bacteria. In view of the 
close relationship of the Beggialoaceae to the blue-green OscUlatoriaceae, this is, 
however, a minor issue. 

Four species have been described to date. Three correspond, with respect to the 
individual filaments, to Beggiatoa arachnoidea, Beggiatoa alba, and Beggiatoa lepto- 
fnili/ormis respectively; the fourth appears to be a combination of the first and third 
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species of Becjgialoa in a common sheath. This occurrence of two distinct species of 
Beggialoa in a common sheath makes the genus a doubtful taxonomic entity. 

The type species is Thioploca sckmidlei Lauterborn. 

Key to the species of genus Thioploca. 

I. Filaments in a common sheath of fairly uniform diameter. 

A. Diameter of individual filaments 5 to 9 microns. 

1. Thioploca sckmidlei. 

B. Diameter of individual filaments 2 to 5 microns. 

2. Thioploca ingrica. 

C. Diameter of individual filaments 1 to 2 microns. 

3. Thioploca minima. 

II. Filaments in common sheath of greatly different diameter. 

4. Thioploca mixta. 


1. Thioploca schmidlei Lauterborn. 
(Ber. d. deut. bot. Gcs., 25, 1907, 238.1 
Named for Mr. Schmidlo. 

Individual filaments in a common 
sheath 5 to 9 microns in diameter, clearly 
segmented. Segments 5 to 8 microns in 
length. Mucilaginous sheatli 50 to 160 
microns in diameter. Number of fila¬ 
ments embedded in one sheath variable. 

Source: Various localities in Central 
Kurope. 

Habitat: So far reported only in fresh 
water mud, containing hydrogen sulfide 
and calcium carbonate. 

2. Thioploca ingrica Wislouch. (Ber. 
d. dcut. bot. Ges., 30, 1912, 470.) From 
Ingria, an ancient district of Leningrad. 

Individual filaments in common sheath 
2 to 4.5 microns in diameter, clearly seg¬ 
mented. Segments 1.5 to 8 microns in 
length. Mucilaginous sheath up to 80 
microns in diameter. Number of fila¬ 
ments in one sheath variable. 

Source: Various localities in Central 
FAirope. 

Habitat: Found in fresh water and 
marine mud containing hydrogen sulfide. 

3. Thioploca minima Koppe. (Arch, 
f. HydrobioL, 1923, 630.) From 
Latin minimus, least. 

Individual filaments in a common 
sheath 0.8 to 1.5 microns in diameter, 


segmentation generally observable only 
after removal of sulfur droplets. Seg¬ 
ments 1 to 2 microns long. Mucilagin¬ 
ous sheath up to 30 microns in diameter. 
Number of filaments in one sheath 
variable. 

Source: Various localities in Central 
Europe. 

Habitat: Fresh water and marine 
mud containing hydrogen sulfide. 

4. Thioploca mixta Koppe. (Arch, f- 
IlydrobioL, 14, 1923, 630.) From Latin 
mixtus, mi.xed. 

Individual filaments in a common 
sheath of tw'o clearly different sizes, 
comprizing both filaments of 6 to 8 mi 
crons, and filaments of about 1 micron 
in diameter. The former are clearly 
segmented, with segments of 5 to mi 
crons in length. In the latter segnicn a 
tion is visible after removal of sulfur 
droplets: segments I to 2 microns lon^ 
Mucilaginous sheath usually about 
microns thick. Number of filaments i 

one sheath variable. 

Source; Reported so far only ro 

Lake Constanza. . . 

Habitat: Fresh water mud containing 

hydrogen sulfide. 

Appendix: In addition to the abo^ 
genera and species, a number o i 

ciently characterized, 

bacteria which may be related t 
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Beggiatoaceac have been deseribed under 
various names ns follows: 

Conidiothrix sulphured Petersen. 
(Dansk Botan. Arkiv., 1, 1921, 1.) 

lilanientous, noumotile organisms, of 
uniform width, between 0.5 and 1 mi¬ 
cron in diameter, covered on the outside 
with sulfur. Segmentation not re¬ 
ported. The outstanding characteristic 
of the genus Conidiothrixis the supposed 
multiplication of the filaments by means 
of conidia w’hich arise by budding on the 
filament. Apart from this reported oc¬ 
currence of a budding process, the de¬ 
scription is similar to that of Lcploihrix 
sulphured and of Thiothrix tenuis and 
Thiothrix tenuissUna. Since consecu¬ 
tive observations on growing organisms 
are lacking, it seems advisable to con¬ 
sider Conidiothrix sulphured as probably 
identical with Thiothrix tenuis or Thio¬ 
thrix tenuissimd. 

Leptoihrix sulphured Miyoshi. (Jour. 
Coll. Sci., Imp. Univ. Tokyo, Japan, W, 
1897, 154.) 

Filamentous, non-inotile organisms, 
of uniform width, not exceeding 0.7 mi¬ 
cron in diameter. The filaments are 
covered on the outside with a powdery 
deposit of elementary sulfur. Seg¬ 
mentation observable only after sp>ecial 
staining; length of segments not pub¬ 
lished. 

• Found by Miyoshi in sulfur springs in 
Japan. Although not reported as con¬ 
taining sulfur globules inside the fila¬ 
ments, the description would closely fit 
Thiothrix tenuis or Thiothrix tenuissima 
Winogradsky. The latter have been ob¬ 
served in masses covered on the outside 
with elementary sulfur. Therefore, it 
seems likely that Leptoihrix sulphured 
is a synonym for Thiothrix tenuis or 
Thiothrix tenuissimd. 

Thionemdvdgindtum Kolkwitz. (Ber. 
d. deut. bot. Ges., 66, 1938, 11.) 


The typ)e species of the goiius 
Thionema. 

Described as a filamentous, colorless 
sulfur bacterium, non-motile, attaclied 
in the manner of Thiothrix. Filan.ents 
1.5 to 2 microns in diameter, segmented. 
Segments 2 to 5 microns long. Repro¬ 
duction, as in the case of Thiothrix, bv 
means of detaclied segments. 

While this part of the description fits 
that of Thiothrix nivea, the new generic 
name was proposed on tlie basis of the 
occurrence of a distinct sheath, tre- 
quently impregnated with iron com¬ 
pounds. Since Winogradsky mentions 
the occurrence of a sheath also in Thio¬ 
thrix nivcd, it seems desirable to consider 
Thioncmd voginotum, at least for the 
time being, as a probable synonym of 
Thiothrix niveo. 

Source; Found on waterplants in the 
Teltow-Canal near Berlin, the water 
containing hydrogen sulfide and iron 
salts. 

Thiosiphon ddridticum Klas. (Sitz- 
ungsber. Akad. d. Wissensch. Wien, 
Mathern.-naturw. KI., I, 145, 1936, 209.) 

Described as a filamentous sulfur bac¬ 
terium, non-motile, but without seg¬ 
mentation, hence tubular and unicellu- 
lar. Multiplication by means of conidia 
arising from restriction of the apical pxirt 
of the cell. Length of filament about 1 
to 1.5mm, width 17 to53microns, usually 
tapering towards apex. Conidia 13 to 
30 microns by 30 to 50 microns. 

The description is at variance with the 
app>earancc of the organism in the pub¬ 
lished photomicrograph in so far as the 
size of the conidia is concerned. From 
the photomicrograph this appears to be 
about 30 by 200 microns. The entire 
appearance is strongly reminiscent of 
that of Beggidtod mirdbilis {Beggidtoa 
gigdntea) in certain cultures. The short 
conidia, described in the text, strikingly 
resemble species of Achromdiium. Con¬ 
secutive observations on growing cul¬ 
tures of Thiosiphon do not appear to 
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have been made. Since (a) the internal 
structure of the large Beggiatoaceae is 
easily damaged, (b) the segmentation in 
living individuals is difficult to observe 
when the filaments are filled with sulfur, 
(c) the presence of Achromatium in the 


locality from which Thiosiphon was col¬ 
lected is almost certain, and (d) the de¬ 
velopmental cycle ismerelyareconstruc 
tion of simultaneously observed ele¬ 
ments, considerable doubt as to the 
validity of the genus appears justified. 


* Appendix I: The group of large, unicellular, colorless sulfur bacteria is placed here 
as a single family, Achromatiaceae Massart as in previous editions of the Manual. 
It includes organisms which are similar in physiology to the Beggiatoaceae. 

Massart (Rec. Inst. Bot. Univ. Bruxelles, 5, 1902, 251) proposed the family Achro- 
vialiaceae for the bacteria described by SchewiakolT (Cher einen ncuen bacterienahn- 
lichen Organismus des Siisswassers, Habilitationsschrift, Heidelberg, 1893) as Achro- 
rnalium oxalifcrtwi. The family diagnosis was modified by Nadson (.Jour. Microbiol., 
St. r^tersb., /, 1914, 72) and by Nadson and Wislouch (Bull. Princip. Jnrd. Bot. 
Rdpubl. Russe, £2, 1923, 33) to include the genera Thiophysa and Thiosphacrella. 

In this form, the family represents a homogeneous group of organisms, all char¬ 
acterized by a pronounced similarity in cell-shape, structure, method of reproduction 
and motility. They exhibit very slow, jerky and rotating movements, but are de¬ 
void of flagella or other visible organs of locomotion. They closely resemble the 
blue-green algae of the genus Synechococcus, even in size. 

By including the genus Thiospira in the family Achromaliaceae, Buchanan (Jour. 
Bact., S, 1918, 462) modified the diagnosis to read: 


Unicellular, large, motile (by means of flagella?). Cells containing granules of sulfur {or in onsforo 
possibly oxalate) but no bacleriopurpurin. 


Thus was proposed a family in which the spiral sulfur bacteria, indubitably relate 
to species of Spirillum among the Eubacteriales^ were linked with the taxonomical y 
obscure species included in Achromatium and Thiophysa. Four genera, Achroma 
Hum, Thiophysa, Thiospira and Hillhousia were recognized. 

Bavendamm (Die farblcsen und roten Schwefelbakterien, Pflanzenforschung, 
Heft 2,1924,109), following the same trend, also combined all non-filamentous forms 
of the colorless sulfur bacteria into a family Achromatiaceae, with the diagnosis. 
Cells free, motile. As he realized that Hillhousia should be regarded as a synonym 
of Achromalium and added the genus Thiovulum Hinze (Ber. d. deut. bot. 

1913, 195), four genera were again included in the family. Thiosphaerellawasa e 

as an appendix to Thiophysa. . 

Thiovulum is morphologically similar to Achromalium, Thiophysa, ana 
sphaerella w'ith respect to cell size and structure, but differs conspicuously m 
actively and rapidly motile. The manner of locomotion suggests the 
polarly inserted flagella. However, these have never been demonstrate c 


While it is conceivable that a relationship exists between Thiovulum and ® ^ 
ganisms of the Achromalium type, the combination of the . is no 

family should be regarded as tentative and open to question. There ce J 
justification at present for including the sulfur spirilla in this Mmily. 
placed in this edition of the Manual in Spirilleae among the Euoaclena e . __ 

• Completely revised by Prof. C. B. Van Niel, Hopkins Marine Station, Pacific 


Grove, California, January, 1944. 



FAMILY ACHROMATIACEAE 


997 


FAMILY A. ACHROMATIACEAE MASSART. 

(Rec. Inst. Bot. Univ. Bruxelles, 5, 1902, 251.) 

Cells large, spherical to ovoid in shape, sometimes rod-shaped, may contain 
globules of sulfur and/or calcium carbonate crystals. Do not possess pliotosynthetic 
pigments. Fresh water and marine forms. 

A satisfactory differentiation of the genera Achromalium, Thiophysa, and Thio- 
sphaerella is at present well-nigh impossible. They have here been combined into a 
single genus, Achromaiium. 

Achromalium mobile Lauterborn (Verliandl. Natur-histor.-Mediz. Vereins Heidel¬ 
berg, N.F., 75, 1915, 413) is fundamentally different from the other members of the 
genus. It possesses a clearly visible polar flagellum, suggesting its close affinity 
with the Psendomonadaceac among the Eubacleriales. Whether it is a true sulfur 
bacterium has not been established with certainty; this appears very doubtful in 
the case of the two similar forms described as Pseudomonas bipunctala and Pseudo¬ 
monas hyalina by Gicklhorn (Cent. f. Bakt., 11 Abt., 50, 1920, 425, 426). Ulermohl 
and Koppe (Verhandl. Intern. Ver. f. theoret. u. angew. Limnologie, 1913, 86 and 
Archiv f. Hydrobiol., Suppl. Bd. 5,1925,234) have proposed the generic name Macro- 
7?ionas for this group. This has been adopted here. 

All of the above mentioned organisms have so far been studied exclusively as 
found in their natural habitats. Pure culture studies arc greatly needed. These 
may show that the peculiar calcium carbonate inclusions (not calcium oxalate as 
thought by Schewiakoff, nor calcium thiosulfate as believed by Hunnevart) in Achro- 
matium oxaliferum and in Macromonas bipunclala occur only under special environ¬ 
mental conditions. 


Key to the genera of family Achromatiaceae. 

I. Large, ovoid to spherical organisms, normally containing sulfur globules when 

found in the presence of hydrogen sulfide. 

A. Non-motile, or slowly, jerkily sliding across the substrate. 

Genus I. Achromalium^ p. 997. 

B. Actively motile, independent of the substrate. 

Genus II. TTiiovufum, p. 999. 

II. Rcd-shapcd and curved organisms, motile by means of polar flagella. 

A. Bean-shaped to short rod-shaped organisms which may contain small sulfur 
globules, but are chiefly characterized by large, round spherules of calcium 
carbonate as cell inclusions. The polar flagellum is often visible in the 
larger forms without special staining. 

Genus III. Macromonas, p. 1000. 

Genus I. Achromatium Schewiakoff. 

(Schewiakoff, Ub. einen neuen bacterienahnlichen Organismus des Stisswassers, 
Habilitationeschr., Heidelberg, 1893; Modderula Frenzel, Biol. Centralbl., 17, 1897, 
801; Hillhousia West and Griffiths, Proc. Roy. Soc., B, 81, 1909, 389). From Greek 
o, without and chroma, color. 

Thiophysa Hinze (Ber. d. deut. bot. Ges.,57, 1903,309) and Thiosphaerella Nadson 
(Jour. Microbiol., St. P^tersb., 1, 1914, 72) are also included in the genus as defined 
here. 

Unicellular erganisnrs \\nth large cells, shortly cylindrical with hemispherical 
extremities, also ellipsoidal to spherical. Cells divide by a constriction in the 



998 


MANl'AL OF DETERMINATIVE BACTERIOLOGY 


middle. Movements, if any, are of a slow, rolling, jerky type and are dependent 
upon the presence of a substrate. Xo special organs of locomotion are known. In 
their natural habitat, the cells contain sulfur droplets and sometimes additional in¬ 
clusions, such as large spherules of calcium carbonate. 

The type species is Achromatium oxaliferum Schewiakoff. 

It is not easy as yet to determine whether several species should be recognized in 
this genus. There appears to be some justification for differentiating between the 
forms which contain the characteristic and conspicuous calcium carbonate inclusions 
and forms in which these large spherules are lacking. The former have been re¬ 
ported mostly from fresh or brackish water environments, while the characteristic 
habitat of the latter seems to be marine. It is, of course, probable that the internal 
deposition of calcium carbonate depends upon the composition of the environment, 
so that the distinction may prove arbitrary and non-specific. 

Achromatium cells of widely different sizes have been described. Schewiakoff 
(Ub. einen neuen bacterien^nlichen Organismus des Susswassers, Habilitations- 
schrift, Heidelberg, 1893) mentions a variation of 15 to 43 microns in length, and 9 to 
22 microns in width for Achromatium oxaliferum. Larger cells have been observed 


by Warming (Videnskab. Meddel. naturhistor. Foren., Kjbbenhavn, 1875, No. 20-28, 
360; size to 85 microns), and by Virieux {Ann. Sci. Xatur., S^r. 9, 18, 1913, 265; size 
to 95 microns in length). 

Xadson (Bull. Jard. Imp. Botari., St. P^tersb., IS, 1913, 106; Jour. Microb., St. 
P^tersb., /, 1914,52) proposed the name Achromatium gigas for the larger organisms; 
also West and Griffiths (Ann. Bot., 27, 1913, S3) created two species, Hillhousta 
mirabilis, with sizes of 42 to 86 microns long by 20 to 33 microns wide, and Hillhousia 
paluslris, measuring on the average 14 by 25 microns, for the same group of sulfur 
bacteria. 

However, Bersa (Sitzungsber. Akad. Wiss., Wien, Mathem.-naturw. KI., I, 
1920, 233) observed so many intermediate sizes that he recognized only a single 
species. Xadson and Wislouch (Bull. Princ. Jard. Botan., R^publ. Riisse, 82, 1923, 
Suppl. 1,33) arrived at the same conclusion, and this view is accepted here. 

The marine Achromatium types which do not contain calcium carbonate crystals, 
also have been segregated into species on the basis of their size. Here again, there 
does not seem to be any valid reason for maintaining several species as there is a 


continuous series of intermediate forms. 

Thus, the organisms previously described as Achromatium oxaliferum, Achroma- 
tium gigas, Hillhousia mirabilis and Hillhousia paluslris are provisionally treate 
here as one species, while the marine counterpart, Thiophysa volutans, is combine 
with Thiophysa macrophysa and Thiosphaerella amylifera, all three being regar e 


as Achromatium volutans. 


Key to the species of genus Achromatium. 

I. Organisms characteristically containing calcium carbonate crystals in the form 
of highly retractile, large spherules. Occur mostly in fresh water and brae 'is 

muds. 

1. Achromatium oxaliferum. • i * ng 

II. Organisms naturally occurring without such calcium carbonate inc usio 

Found in marine mud. 


2. Achromatium volutans. 
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1. Achromatiufii ozaliferum Schcwia- 
koff. (Scheu’iakoff, t)b. eineu neuon 
bactcrienahnliehen Organismusdos SUss- 
wassers, Habilitationssclirift, Heidel¬ 
berg, IS93; Modderula hartwigi Frenzel, 
Biol.Centralbl.,;?, 1897, 801; //////iowsm 
mirabilis West and GrifFiths, Proc. Roy. 
Soc., B, Bl, 1909, 389; Hillhousia palus- 
tris West and Griffiths, Ann. Bot., 27, 
1913, 83; Achromatium gigas Xadson, 
Bull. Jard. Imp. Bot., St. Pdtcrsb., 13, 
1913, 106). From Latin oxalis, intended 
to refer to the supposed presence of 
oxalate crystals and/ero, to bear. 

Unicellular organisms, varying in 
shape from spherical or ovoid to shortly 
cylindrical with hemispherical extremi¬ 
ties. Division by constriction in the 
middle. Cells vary in size from spheres 
of about 7 microns or even less in diam¬ 
eter to giant forms 100 microns long by 
35 microns wide. The extremes are con¬ 
nected by a continuous series of inter¬ 
mediate sizes. 

Organisms may show motility of a 
jerky and rotating kind, always very 
slow, and dependent upon a substrate. 
Typical organs of locomotion absent. 

Normally contain small sulfur glob¬ 
ules, accompanied by much larger cal¬ 
cium carbonate crystals, the latter in the 
form of large highly retractile spherules. 
Under favorable environmental condi¬ 
tions these may disappear before the 
sulfur globules. Cells with calcium car¬ 
bonate inclusions have a very high 
specific gravity. They are, therefore, 


found only in the bottom of pools, 
streams, etc., usually in the mud. 

Strictly microaerophilic, and appar¬ 
ently require hydrogen sulfide. 

Habitat: Fresh water and brackish mud 
containing hydrogen sulfide and calcium 
salts, .\ccording to Xadson and Wis- 
louch (Bull, princip. Jard. bot., R^publ. 
Russe, 22, 1923, Suppl. 1, 33) also in ma¬ 
rine mud. 

2. Achromatium volutans (Hinze) comb. 
7WV. {Thiophfjsa volutans Hinze, Bor. d. 
deut. bot. Ges., 21, 1903, 309; Thiophysa 
macTophysa Nadson, Bull. Jard. Imp. 
Bot., St. IMtersb., 13, 1913,106 and Jour. 
Microb., St. P^tersb.; 1, 1914, 54; Thio- 
sphaerella amylifera Nadson, Bull. Jard. 
Imp. Bot., St.lMtersb., IS, 1913, 106and 
Jour. Microb., St. Pdtersb., 1, 1914, 54.) 
From Latin volutans, rolling. 

Unicellular organisms, spherical to 
ovoid in shape, dividing by constriction 
in the middle. Size variable, ranging 
from spheres about 5 microns in diameter 
to ovoids up to 40 microns in length. 

Cells may show motility of a jerky and 
rotating kind, always very slow, and 
dependent upon a substrate. Typical 
organs of locomotion absent. 

Normally contain sulfur globules, but 
lack large internal calcium carbonate 
deposits. 

Microaerophilic, apparently requiring 
hydrogen sulfide. 

Habitat; Marine mud containing hy¬ 
drogen sulfide; decaying seaweeds. 


Genus JI. Thiovulum Hinze. 

(Ber. d. deut. bot. Ges., 31, 1913, 195.) From Greek Iheion, sulfur and Latin 
ovum, egg. 

Unicellular organisms, round to ovoid. Cytoplasm often concentrated at one end 
of the cell, the remaining space being occupied by a large vacuole. Multiplication 
by constriction which, in late stages, merges into fission. Actively motile; move¬ 
ments accompanied by rapid rotation. Flagellation not definitely demonstrated, 
but type of locomotion suggests polar flagellation. Normally contain sulfur globules 
in the cytoplasm, hence, these are frequently concentrated at one end of the cell. 

The type species is Thiovulum majus Hinze. 
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As in the case of Achromatium, it is difficult to establish distinct species. Those 
that have been described differ only in size, and the differences appear to be far from 
constant. For Thiovulum {Monas) mulleri (Warming) Lauterborn (Verhandl. 
Naturhist.-medizin. Vercins, Heidelberg, N. F., 13, 1915, 414) the diameter is stated 
by Warming (Videnskab. Meddei. naturhistor. P'oren., Kjobenhavn, 1875, No. 20-28, 
363), Hinze (Ber, d. deut. bot. Ges., 37, 1913, 191) and Lauterborn {loc. cit., 415) 
respectively to be 5.6 to 15,13 to 15 and 5 to 13 microns. The ovoid cells of Thiovulum 
niajus are noted as being 11 to 18 microns long and 9 to 17 microns wide, while Thio¬ 
vulum 7ninus comprises the smaller forms from 9.6 to 11 microns long by 7.2 to 9 
microns wide. In view of the regular occurrence of all intermediate sizes it seems 
best to recognize only a single species at present. 


1. Thiovulum majus Hinze. (Hinze, 
Bct. d. deut. bot. Ges., SI, 1913, 195; in¬ 
cluding Thiovulum minus Hinze, idem.-, 
Monas mulleri Warming, Videnskab. 
Meddei. naturhistor. Foren., Kjoben¬ 
havn, 1875, No. 20-28, 363; Achromatium 
mulleri Migula, Syst. d. Bakt. 2, 1900, 
1038; Thiovulum mulleri Ijiuterborn, 
V^erhandl. Naturhist.-medizin. Vereins, 
Heidelberg, N.F., IS, 1915, 414.) From 
Latin major, large. 

Unicellular organisms, spherical to 
ovoid. Cytoplasm often concentrated 
at one end of the cell, the remainder 
being occupied by a vacuole. Multipli¬ 
cation by constriction which, in late 
stages, merges into fission. Size of cells, 
5 to 20 microns in diameter. 


The most characteristic feature is its 
motility; it is the only one of the spheri¬ 
cal to ovoid, colorless sulfur bacteria 
capable of rapid movement. Flagella¬ 
tion has not been definitively demon¬ 
strated, but the type of locomotion sug¬ 
gests the presence of polar flagella. 

Normally contains sulfur droplets in 
cytoplasm, frequently concentrated at 
one end of cell. 

Microaerophilic; apparently requires 
hydrogen sulfide. 

Habitat; In sulfide-containing water, 
usually accumulating near the surface. 
Often in cultures of decaying algae. 
Both in fresh water and marine environ¬ 
ments. 


Genus III. Macromonas Viermohl and Koppe. 

(Verhandl. Intern. Ver. f. Theorct. u. angew. Limnologie, 1923,86.) From Latin 
macro, large and tnonas, a unit or cell. 

Colorless, cylindrical to bean-shaped bacteria, actively motile by means o a 
single polar flagellum. Multiplication by constriction (fission). Chiefly 
ized by the occurrence of calcium carbonate inclusions in the form of large apne 
In their natural habitat they may also contain small sulfur globules. 

The type species is Macromonas mobilis (Lauterborn) Uterir.6hl and 

Two species have primarily been distinguished on the basis of cell size, . . 
this is sufficiently constant to serve as a specific character has not been de ^ 
established. From studies still limited in scope and extent on the organisms n 
natural habitat, it appears at present that the two species should be maintame 
least provisionally. It is possible, however, that further observations, 
with cultures under different environmental conditions, will show the occurre^ 
intermediate types and of a greater range of variation in size of pure cu ture 

what has previously been reported. 
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Key to the species of genus Macromonas. 


I. Cells measuring 12 microns or more in Icngili and 8 microns or more in width. 

1. Macromonas mobiUs. 

II. Cells measuring less than 12 microns in length and 5 microns or loss in widtli. 

2. Macromonas bipunctata. 


1. Macromonas mobilis (Lauterborn) 
Utermohl and Koppe. {Achrornaiium) 
inobi e Lauterborn, Verhandl. Natur- 
hist.-Medizin. Vereins, Heidelberg, N. F., 
IS, 1915, 413; Microspira vacillans Gickl- 
horn, Cent. f. Bakt., II Abt., 50, 1920, 
422; Utermohl and Koppe, Verhandl. 
Intern. Ver. f. theoret. u. angew. Lim- 
nologie, 1923, 86 and Uternr.ohl and 
Koppe, Arch. f. Hydrobioh, Suppl. Bd. 6, 
1925, 234.) 

Colorless sulfur bacteria, always oc¬ 
curring singly, slightly curved, elongated 
ellipsoids or cylinders with broad hemi¬ 
spherical ends. Length varies from 12 
to 30 microns, width from 8 to 14 microns; 
most common size 20 by 9 microns. Mul¬ 
tiplication by constriction in the middle. 

Cells actively motile by means of a 
single polar flagellum, distinctly visible 
without special staining. It is 20 to 40 
microns long, and, with respect to the 
direction of motion, always posteriorly 
placed. Rate of movement somewhat 
sluggish, about 800 microns per minute, 
probably on account of high specific 
gravity of cells. 

Normally contain small sulfur droplets 
and, in addition, large, roughly spheri¬ 
cal inclusions of calcium carbonate. 
Two to four such crystal masses almost 
fill a single cell. Under unfavorable 
conditions the calcium carbonate crys¬ 
tals may disappear before the sulfur 
globules. 

Microaerophilic; apparently require 
hydrogen sulfide. 

Habitat: Fresh water environment 
containing sulfide and calcium ions; in 
shallow basins and streams in the upper 
layers of the mud. 

2. Macromonas bipunctata (Gicklhom) 


Utermohl and Koppe. {Pseudomonas 
bipujictata Gicklhom, Cent. f. Bakt., II 
Abt., 60, 1920, 425; Utermohl and Koppe, 
Arch. f. Hj'drobiol., Suppl. Bd. 5, 1925, 
235.) 

Cells colorless, occurring singly, cylin¬ 
drical with hemispherical ends; after 
cell division often temporarily pear- 
shaped. Length 8 to 12 microns, width 
3 to 5 microns. Multiplication by con¬ 
striction in the middle. 

Actively motile by means of a single 
polar flagellum, about 10 to 15 microns 
long, and always posteriorly placed 
with respect to the direction of move¬ 
ment. Flagellum delicate, not visible 
without staining. Rate of movement 
sluggish, about 600 microns per minute. 
Probably this .slow motion is on account 
of the high specific gravity of the cells. 

Normally contain calcium carbonate 
crystals as inclusions. These are in the 
form of large spherules, one or two of 
which nearly fill the individual cells. 
Sulfur globules have not been demon¬ 
strated with certainty as yet. 

Microaerophilic, but it is uncertain 
whether hydrogen sulfide is required. 

Source: From stems, leaves, etc. of 
fresh water plants in ponds near Graz, 
Austria. 

Habitat: Fresh water environments 
containing calcium ions; but it has been 
found in sulfide-containing as well as in 
Bulfide-free water. In shallow basins 
and streams in upper layers of the mud. 

Note: Another species in this genus is 
Macromonas hyalina (Gicklhom) Uter¬ 
mohl and Koppe. {Pseudomonas hyalina 
Gicklhom, Cent. f. Bakt., II Abt., 60, 
1920, 426; Utermohl and Koppe, Arch. f. 
Hydrobioh, Suppl., 6, 1925,235.) Similiar 
to Macromonas bipunctata. 
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APPEXDIX TO ORDER CHLAIMYDOBACTERIALES 

A recently recognized order of filamentous bacteria includes organisms similar in 
many ways to those included in Chlamydobacteriales. 

ORDER CARYOPHANALES PESHKOFF.* 

fJour. Gen. Biol., (Russian), 1, 1940, 611, 616.) 

Filamentous or bacillary bacteria of variable size characterized either by the pres¬ 
ence of a central body or a ring-like nucleus which frequently takes the form of a disk. 
These bodies are clearly visible in the living cells. The nuclear elements give a clear- 
cut Feulgen reaction. The filaments may be enclosed in a sheath. Colorless. The 
individuals consist of cylindrical cells enclosed in a continuous sheath or they are 
tube-like coonocytic organisms containing varying numbers of ring or disk-like nuclei 
separated from each other by alternating protoplasmic segments. These may disin¬ 
tegrate into mononucleate coccoid cells. Gonidia sometimes formed. Found in water 
and in the intestines of arthropods and vertebrates. 


F.\MILY I. POXTOTHRICACEAE PESHKOFF. 

Jour. Gen. Biol. (Russian), 1, 1940, 611, 616.) 

Long, unbranched filaments which consist of separate cells in a continuous sheath. 
Multiplication by cell division, homogonia and unicellular gonidia. Resemble the blue 
green algae but they are non-motile and photosynthetic pigments are lacking. Free 
living forms. 

Genxis I. Pontothiix Nadson and Krassilnikow. 

(Comp. rend. Acad. Sci. de U.R.S.S., A, No. 1, 1932, 243-247.) 

Characters as for the family. 

The type species is Pontothrix longissima (Molish) Nadson and Krassilnikow. 

1. Pontothrix longissima (Molish) ments, 1.5 to 2.0 by 1.0 to 5.0 

Nadson and Krassilnikow. {Chlamy- Filaments 0.5 cm in length. Ce s s o 

doi/irix Molish, Cent. f. Bakt., a central chromatin body. 

II Abt., 55,1912, 60; Nadson and Krassil- Zostera marina in the Bay at Sebastopo 
nikow, toe. cit., 243.) Cells in the fila- on the Black Sea. 

FAMILY II. ARTHROMITACEAE PESHKOFF. 


(Jour. Gen. Biol. (Russian), 1, 1940, 611, 616.) 

Filaments probably divided into cells although septa (protoplasmic?) 
during sporulation. Disk-like nuclei alternate with thin protop asraic ^ 
(septa). Spores form in the distal ends of filaments. Non-motile. e 
are attached by a spherical body in groups to the intestinal wall o msec , 

ceans and tadpoles. 

Genus I. Arthromitus Leidy. 

(Proc. Acad. Nat. Sci., Philadelphia, 4, 1849, 227.) 

Characters as for the family. Although the description is 
differently, there does not seem to be any essential difference between t 

following genus. 

The type species is Arthromitus cristatus Leidy.____ 

• Arranged by Prof. Michael A. Peshkoff, Institute of Cytology, Acad, of « - 
Moscow, U.S.S.R., April, 1947. 
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1. Arthromltus cristatus Leidy. 
(Proc. Acad. Nat. Sci., Phila., 4, 1849,227 
and Jour. Acad. Nat. Sci. Phila., 8, 1881, 
443.) From the intestine of the millipe<l 
(Julus marginali4s) and the termite (Re- 
ticulilennes Jlavipes). Filaments deli¬ 
cate, straight or inflected, growing in 
tufts usually of moderate density, from 
minute, attached, yellowish rounded or 
oval bodies. Articuli short, cylindric, 
uniform, length 2.75 microns, width 0.6 
micron, no trace of interior structure. 
Length of filament 67 to 543 microns, 
breadth 0.6 micron. 

2. Arthromltus intestinalis (Valentin) 
Peshhoff. (Hygrocrocts intestinalis Val¬ 
entin, Report, f. Anat. u. Phys., J, 1836, 
000; Peshhoff, Jour. Gen. Biol. (Russian), 
1, 1940, 597.) From the intestine of the 


cockroach {Blatta orientalis). Chatton 
and Perard (Compt. rend. Soc. Biol., 
Paris, 74, 1913, 1160) conclude that this 
species and Arthromitns cristatus Leidy 
are of the same genus although they ac¬ 
cept the name Ilygrococis as having pri¬ 
ority. However, the latter is invalid as a 
bacterial genus because it was given 
earlier as the name of a genus of algae. 
See Buchanan, General Systematic Bac¬ 
teriology, 1925,183. 

3. Arthromltus nltidus Leidy. 
(Smithsonian Contributions to Knowl¬ 
edge, 5,1852, 35.) From the intestine of 
the milliped {Julus marginatus). 

4. Arthromltus batrachonun Collin. 
(Arch. Zool. E.xpdr. et G^n., 51^ 1913,63.) 
From the alimentary tract of toad tad¬ 
poles {Bufo calamita). 


Genus II. Coleomltus Duboscq and Grasse. 

{Coleonema Duboscq and Gra 3 s 6 , Arch. Zool. Exp 6 r. et G6n., 68. l\m Notes et 
Revue, 14; not Coleonema Bartl. and Wendl., 1924, fam Rutaceae; Duboscq and 

Grassd, Arch. Zool. Exp^r. et G(5n., 70, 1930, N. et R., 28.) , 

Long filaments, divided by partitions. Bacillary elements m basal region. Ovoid 
or ellipsoidal spores in other parts of filament originating by transformation from 

these bacillary elements through sporoblasts. 

The type species is Coleomilus pruvoti Duboscq and Gras.s^. 


1. Coleomltus pruvoti (Duboscq and 
Grass^) Duboscq and Grass^. (Coleo¬ 
nema pruvoti Duboscq and Grassd, Arch. 
Zool. Exp 6 r. et G 6 n., 68, 1929, Notes et 
Revue, 14; Arch. Zool. Exp^r. et G4n., 
70, 1930, N. et R., 28.) In the intestine 
of a termite {Kalotermes sp.) from the 
Loyalty Islands. 


Filaments with hyaline sheath, length 
variable up to 320 microns, breadth 1.3 
microns. Bacillary elements 3 to 4 
microns long, also elements up to 6 mi¬ 
crons with a chromatic granule or disc 
in the middle of the body. Spores ellips¬ 
oidal 0.8 to 0.9 by 1.7 to 2.0 microns, all 
containing an excentrically placed gran¬ 
ule of volutin. 


FAMILY III. OSCILLOSPIRACEAE PESHKOFF. 
(Jour. Gen. Biol. (Russian), /, 1940, 611, 616.) 


Bacillary and filamentous forms. Fila¬ 
ments are most probably partitioned to 
form narrow cells each containing a cen¬ 
tral chromatin body (disk-like nucleus). 
These give a 'dear Feulgen reaction, and 
are embedded in hyaline protoplasm. 


Spores are formed by a fusion of 2-3 proto¬ 
plasts of neighboring cells. Actively 
motile. The character of the motion sug¬ 
gests the presence of peritrichous flagella. 
Parasitic in the intestinal tract of verte¬ 
brates. 
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Genus 1. Oscillospira Challon and Perard. 

(Comp. rend. Soc. Biol., Paris, 65, 1913, 1159.) 

Characters as for tlie family. 

The type species is Oscillospira guilliermondii Chatton and Perard. 

1. Oscillospira guilliermondii Chatton pig. Spores 2.0 by 4.0 to 5.0 microns 
and Perard. (Chatton and Perard, (Krassilnikow, Microbiol. Jour. (Rus- 
idem.) From the intestine of a guinea sian),6,1928,249). 

FAMILY IV. CARYOPHANACEAE PESHKOFF. 


(Jour. Gen. Biol. (Russian), 1, 1940, 611, 616.) 


Large filamentous and bacillary forms. 
Individuals not divided into cells; they 
are virtually coenocytic tubular organ¬ 
isms containing alternating ring, horse¬ 
shoe or disk-like nuclei and protoplasmic 
segments. Such nuclei are most compar¬ 
able with single chromosomes reproducing 


themselves by means of a true endoraito- 
sis (Peshkoff, Nature, 154, 1^46, 137)' 
No spores formed. When motile, possess 
peritrichous flagella. They are found on 
the mucous membranes of the mouth 
cavities of man and various animals, an 
in the alimentary tracts of ruminants. 


Genus I. Caryophanon Peshkoff. 

{Loc- fit.) 

Characters as for the family. 

The type species is Caryophanon latum Peshkoff. 


1. Caryophanon latum Peshkoff. 
(Ckimpt. rend (Doklady) Acad. Sci., 
U.R.S.S. Nouvelle s^rie. 25, 1939, 244; 
Jour. Gen. Biol. (Russian), /, 1940, 527; 
Microbiology (Russian), 15, 1946, 189.) 

Slightly curved rods 3.1 by 15 to 20 
microns. Grow on cow manure-extract 
agar pH 7.8 to 8.0. Also grow on yeast- 
extract agar at same pH. Aerobic. Iso¬ 
lated from 20 to 30 per cent of samples of 
fresh cow manure. Non-pathogenic. 
Isolated at least 20 times in Moscow 
(U.S.S.R.) and its vicinity by Peshkoff. 
In 1945 isolated and successfully culti¬ 
vated in England by Robinow and Pring- 
sheini. Apparently ubiquitous, con¬ 
nected with ruminants. O)lonies round, 
1 to 2 mm in diameter with slightly undu¬ 
late margins. Subject to distinct S-R 
variation. R forms tend to grow in long 
motile filaments and are much thinner 
than the plump S individuals. May 
occur in the form of mononucleate coc- 
coids (especially on yeast-extract agar) 
and polynucleate bacilli. When grown 


from old cultures may develop irregular 
giant forms. 

2. Caryophanon tenue Peshkoff- 
(Comp. Rend. (Doklady) Acad. So- 
U. R. S. S., Nouvelle S^r., 25, 1939, 
Jour. Gen. Biol. (Russian), /, 1940,597.) 

Similar to the above species, but more 
slender. Diameter 1.5 microns. Grows 
on cow manure extract agar and 
extract agarat pH 7.8 to 8.0. From res 

cow manure. 

3. Caryophanon muelleri comb. 
{Simonsiella muelleri Simons, Cent. • 
Bakt.. I Abt., Orig.. 88, 1922. 50 ) Non- 

motile. Found on mucous membrane 
oral cavity of healthy humans, 3.0 to ^ 
by 10.0 microns. 

4. Caryophanon crasse comb, nor 
(Simonsiella crassa Simons, loc. 

509.) Non-motile. Found on muc 
membrane of domestic animals. 

5. Caryophanon fillfonnis comb. 
(Simonsiella filiformis Simons, loc. •• 

509.) Long filaments from mucous m 

bmne of oral cavity of domesUc 
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ORDER IV. MYXOBACTERIALES JAHN.* 

(Kryptogamcnflora der Mark Brandenburg, V, Pilze 1, Lief. 2, 1911,201.) 

Synonymy: Mijxobacteriaeac Thaxter, Bot. Gaz., 17, 1892, 3S0; Myxobaclrales 
Clements, The genera of fungi. Minneapolis, 1909, 8; Syubacleries Pinoy, Coinpt. 
rend. Acad. Sci., Paris, 157, 1913, 77; Myiobacterieac Heller, Jour. Bad., 6, 1921, 521; 
Polyangidae Jahn, Beilriige zur botanischen Protistologie, 1, Die Polyangiden, Geb. 
Borntraeger, Leipzig, 1924; Myxobactcriae Stanier and van Niel, Jour. Bact., 4^, 
1941, 437. 

The name Myxobacteriaceae, although having the form of a family designation, 
was proposed by Thaxter {loc. cil.) in an article bearing the title “On the Myxobac- 
fcriaceae, a new order of Schizotnycclcs.^* Apparently the first ordinal name was 
that given by Clements {loc. cil.), but does not follow the spelling fixed by the prece¬ 
dent of Thaxter. The revised spelling was given by Jahn as Myxobacteriales. Pinoy 
(foe. cil.) suggested Synbactcries. The name Myxobactcrieae was protwsed by Heller 
Ooc.CiL) as a class designation, Baclcria being regardediis the designation of a phylum. 
Polyangidae is likewise a class designation, Jahn (1924, loc. cit.) concluding this group 
should be coordinate in rank with the Schizomycetes. Buchanan (Jour. Bact., 3, 
1918, 541) proposed the name Myxobacteriales, not knowing of the previous use of 
the term. He has therefore at times been incorrectly designated as the author of 
the name. 

It may be argued that a more appropriate ordinal designation might be Polyarigiales, 
inasmuch as the generic name Myxobacter proposed by Thaxter was soon found to be 
a synonym of Polyangimn Link, However, there would seem to be justification of 
the retention of a name based upon an “ancient generic name” in Rule 21 of the Brus¬ 
sels Code. 

The group is herein regarded as an order, though Jahn, and Stanier and van Niel 
agree in regarding it as a class. 

Common or trivial names. The slime bacteria, myxobacteria or polyangids. 

Brief characterization of the order. The relatively long, slender, ilexible, non- 
flagellate vegetative cells produce a thin, spreading colony (pseudoplasmodium, 
swarm). The cells are often arranged in groups of 2 or 3 to a dozen or more, their 
long axes parallel. The group moves as a unit, by means of a crawling or creeping 
motion, away from the center of the colony. The moving cells pave the substrate 

with a thin layer of slime on which they rest. 

During sporulation (which occurs in all forms except members of (he genus Cyio- 
phaga) the cells are much shortened, in some cases becoming spherical or coccoid, 
thick-walled and highly refractile. Fruiting bodies are formed by the species of all 
families except the Cytophagaceae and the genus Sporocylophaga of the family Myxo- 
coccaceae. The fruiting bodies may consist of aggregations of cysts in which the 
spores (resting cells) are inclosed, or of masses of mucilaginous slime surrounding 
large numbers of shortened, rod-shaped, or coccoid spores. Fruiting bodies may bo 
sessile or stalked. They are usually pigmented a bright shade of orange, yellow, 
red or brown, though colorless fruiting bodies, as well as black, have been described, 

* The section covering the order Myxobacteriales was first developed in its present 
form by Professor R. E. Buchanan, Iowa State College, Ames, Iowa, for the fourth 
edition of the Manual issued in 1934. It was revised by Professor Buchanan for the 
fifth edition in 1939. The present review has been carried out by Dr. J. M. Beebe 
and Professor R. E. Buchanan who had had material assistance from Dr. R. Y. Stanier, 
April, 1943. 



Members of the genus Sporocylophaga are not known to produce fruiting bodies as 
such, but often dense agglomerations of shortened rods or cocci have been noted; 
these may be interpreted as primitive forms of fruiting bodies. 

Physiologically most species show great similarity, preferring substrates rich in 
cellulosic or other complex carbohydrate materials. 

Most of the known species are saprophytic or coprophilic and may be found on 
dung, in soil, on rotten wood, straw, leaves, etc. They frequently appear to live in 
close association with various true bacteria and are probably parasitic on them. 
Many liave l)een cultivated on dung. One species is aquatic and parasitic on an alga. 
Cladnphora sp. (Geitler, Arch. f. Prostistenol., 50, 1924, 67). One is parasitic (?) 
on lichens and some arc halophilic marine forms (Stanier, Jour. Bact., 40, 19-h)» 923). 
.Vnother species is reported as pathogenic for fish (Ordal and Rucker, Proc. Exper. 
Biol, and Med.. 56, 1944, 15). 

Culture media. The myxobacteria are frequently cultured by transferring to dung. 
For certain species sterilized dung has been reported as less favorable than the un- 
sterilized. Dung decoction agar has often been employed, .\mong the early investi* 
gators, Quehl (Cent. f. Bakt., II, Abt., RJ, 1906,9) secured slow growth of some species 
on malt extract-gelatin at 18® to 20°C with digestion of the gelatin. Potato-nutrient 
agar was reported better than dung agar, while no growth occurred on sterilized potato 
alone. Peptone was considered necessary; glucose had little effect. Pinoy (Comp- 
rend. .Acad. Sci., Paris, 157, 1913, 77) claimed that satisfactory development of Chon- 
dromyces crocatus depended upon the presence of a species of Micrococcus ® 
medium. Kofler (Sitzber. d. k. Akad. Wiss., Wien, Math. Nat. Klasse, 122 A t., 
1913, 845) successfully used a sucrose-peptone agar to which was added potassium 
and magnesium salts. 

Recent evidence indicates that the carbon requirements of these organisms ar 
met satisfactorily by the more complex carbohydrates, and frequently by their pro 
nets of hydrolysis. Mishustin (Microbiology, Moscow, 7, 1938, 427), ImSenec i 
and Sointzeva (Microbiology, Moscow, 6, 1937, 3), Krzemieniewski and Krzemieniei 
ska (.Acta Soc. Bot. Pol., 5,1927,102) and others have reported good growth of sever 
species of myxobacteria on cellulose. , . 

Beebe (Jour. Bact., 40, 1940,155) claimed several species to be facultative 
on various true bacteria. Good growth was obtained on suspensions of killed ac e 
cells in 1.5 per cent agar. Sniesko, Hitchner and McAllister (Jour. Bact., 4 - ^ ' 

26) showed the destruction of living bacterial colonies by colonies of myxobacteria 

Temperature range. Most species cultivated in the laboratory show a 
between 17® and 20®C though some species grow at 10®C. Maximum 
occurs at about 35®C and the maximum growth temperature is about 40 • 


normal fruiting bodies are produced at lower temperatures. . . 

The Krzemieniewskis (Acta Soc. Bot. Pol., 5,1927,102) report that the 
of Melitiangium boletus, Myxococcus virescens, Chondrococcus corallotdes, ^ 
gephijra and Archangium primigenium var. assurgens first develop, follow e ^ ^ 

angixmfuscum and P. fuscum var. velatum. At 30“C they appear in ° 

at 17® to 20®C in 8 to 12 days, and at 11® to 14®C in 24 to 30 days. Each 10 
temperature approximately halves the time. Other species are slower in e 

The vegetative rods. The vegetative cells are long, fiexuous rods, o en 
as long as broad. Thaxter noted rods up to 15 microns in length thoug ™jnted 

abnormally long. In general the cells are cylindrical, more ^/Bot- 

at the ends- Jahn (1924, loc. dt.) described spindle-shaped cells. . i, 3 ve 
Gaz., 57,1904,405) believed that a highly elastic wall w'as present;otner 
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failed to prove it by plasmolytic agents. Jahn states that tinctorial and chemical 
methods failed to definitely show the presence of a membrane, but that the elasticity 
of the cells show this clearly. The cells are flexible, not rigid as are ordinary bac¬ 
teria. Beebe (Jour. Bact., 1941,214) reported the presence of a cell membrane in 
Myxococcus xajithus, often made visible with proper staining procedures. The cells 
frequently show one or more refractive granules. Thaxter also noted nucleus-like 
granules in the spores of Myxococcus, while Bauer (Arch. f. Protistenk., 5, 1905, 92) 
reported that during germination of the spores of Myxococcus a refractile granule is 
found at each end of the cell. Badian (Acta Soc. Bot. Pol., 7, 1930, 55) stated that 
the cell of Myxococcus virescens lacks a true nucleus, but that there is present a baso¬ 
philic structure probably nuclear in nature. It is dumb-bell-shaped and divides 
longitudinally in mitosis. In spore formation an autogamy occurs followed by what 
appears to be a reduction division. All chromatin material was Gram-negative except 
during reduction; it may be stained by hematoxylin. Beebe noted a condensed 
mass of nuclear material in the vegetative cells of Myxococcus xanthus that divided 
by constriction prior to each cell fission. Nuclear division is considered to be non- 
random amitosis. Cell division is by means of constriction at a point near the center 
and is always complete. The nucleus is stained by gentian violet and by iron-hema¬ 
toxylin and gives a faintly positive Feulgen reaction. What appears to be an autog¬ 
amous fusion of chromosomes takes place during sporulation, followed by a nuclear 
division during germination of the spores. The spores germinate by a process anala- 
gous to budding. Vahle (Cent. f. Bakt., II Abt., 36, 1909, 178) found fat globules 
and occasional small volutin granules in 3 to 4 day old cultures. Glycogen was not 
found. 

In masses the vegetative rods may be somewhat reddish in color. Thaxter suggested 
the possibility that the color might be bacteriopurpurin. Treated with concentrated 
sulfuric acid the pigment gives a blue reaction, hence Jahn (1924, loc. cil.) concludes 
it to be carotin. 

Motility of the cells. Baur (foe. cil.) states that cells have a power of forward 
movement at a rate of about 10 microns per minute. No flagella arc present. The 
cells do not “swim.” They may bend and are unlike most true bacteria in this 
respect, though Dobell (Quart. Jour, of Microscop. Science, 56, 1911, 395 and .\rch. 
f. Protistenkunde, 26, 1912, 117) describes such flexibility for the giant bacteria (see 
Bacillus fiexilis). This is characteristic also of Beggiatoa, Oscillaloria and 
Spirochaeta. 

The cells en masse move in a “front,” advancing and leaving behind a slime. The 
cells in general tend to lie on rather than in the slime. The exact mechanism of 
motion has proved puzzling. Jahn believes the motion to be related to that of forms 
like Oscillaloria, and to be due to excretion of slime from the cell, probably an asym¬ 
metrical excretion which pushes the cell along. 

The colony. This has been variously termed a swarm, pseudoplasmodiuin, plas- 
modium and reproductive communalism. It bears a faintly superficial resemblance 
to the plasmodium of certain of the slime molds {Myxomycetes) but differs in that the 
true plasmodium is composed of the fused bodies of large numbers of amoeboid cells. 
The myxobacterial colony is an aggregation of individual rod-shaped, bacterial cells 
that are not amoeboid. The slime produced by the cells is not protoplasmic, and the 
colony is not motile but increases in size as the cells move away from the center. 
Larger numbers of cells are to be found at the margins than on the central portions of 
the colony; in consequence, fruiting bodies tend to be found in concentric rings on 
the colony. The cells lie on the surface of the slime which they secrete, not in it. 
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Thaxter proposed the term “pseudoplasmodium” as a satisfactory descriptive name 
for the vegetative colony, while Jahn preferred the use of “swarm stage.” Inasmuch 
as the term “colony” in relation to bacterial growth implies large numbers of vege¬ 
tative cells developing as a unit without regard for size, shape or structure, it is equally 
suitable. Stanier (Bact. Kcv., 6, 1942,183) speaks of the condition as “reproductive 
communalism.” 

Pigmentation of the fruiting bodies is commonly employed in the differentiation 
of species. Species that produce colorless cysts and some with black pigment have 
been reported; in general the fruiting bodies are brightly colored in shades of yellow, 
red, orange or brown. The color seems to originate in the slime or cyst walls rather 
than in the encysted cells; its nature is not well understood. The Krzemieniewskis 
(Bull. Acad. Polon. Sci. Lctires, Classe Sci. Math. Kat., Sir. B, Sci. Nat., I, lOS^t 
11) noted that the orange-red fruiting bodies of Sorangium compositurn became gray- 
brown in strong alkali; the pigment was highly soluble in acetic acid and alcohol an 
easily soluble in ether and chloroform. It was insoluble in benzol, carbon di-sul e 
and petroleum ether. They suggested that it was a carotin derivative rather t an 

true carotin. . 

Beebe (1941, loc. cit.) found that the pigments of Polyangium fuscum, Podangtu 

erectum, Myxococcus virescens, Ckondrococcus blasticm and Myxococcus xant us 
gave typical carotin reactions in concentrated sulfuric acid, but were insolu cm 
chloroform, ether, acetone and methyl and ethyl alcohol. An atypical carotin reaction 
resulted with hydrochloric and nitric acids. He concluded the pigments to 
related to the carotins. 

The fruiting bodies. After growth as a vegetative colony the pseudopl^mo 
usually forms fruiting bodies which may in the different species beof many s 
sizes. Differentiation of species, genera and families is based almost entire ^ 
the character of fruiting body developed. In some cases a stalk is pro uce , 

some not. . , u a lime in 

In some forms the stalk is delicate and w'hite, consisting of little-change ® 

other cases it may be stiff and colored. The rods evidently are ^arne up 
slime which they secrete. In some forms the stalk is simple and s or , m 
relatively long and branched. ^ *j.jjege 

The rods ordinarily associate in more or less definite clumps to orm y * • .jy 

cysts may be sessile or stalked. Usually the rods shorten an t ic 

before the cyst ripens. In some forms they shorten so much as to j 

or cylindrical, functioning as spores. They are not endospores sue as 


the genus BactVfns. jf.w^,«aiimft Usu- 

The cysts may or may not possess a definite membrane produced 

ally the cysts are bright colored, frequently red, orange or yellow. ^ 

the cysts when dried retain their vitality for after 

records germination of Polyangium fuscum after 5i years, of Myx 


^MetLds of isolation. One technic of isolation ^ 

(1927, loc. cil.) was to sieve the fresh soil, place it on ? -p 100 per 

and add sterilized rabbit dung. The soil was saturated wi f bodies began 

cent, and the plates incubated at 26® to SO^C. After 5 to 10 ays . 

to appear on the dung. Numerous species were isolated ^y^ aterilired 

Mishustin {loc. cit.) employed silica gel platra on the surf^ f p^pgrand 
filter paper had been placed. Small lumps of soil were placed on 
the plates incubated for several days at various temperatures. eg 
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bacterial colonies developed around the inocula and were purified by transfer (o fresli 
cellulose plates. 

Beebe reported a modified Krzemieniewski technic to be satisfactory. Fruiting 
bodies that had developed on sterilized rabbit dung were transferred to bacteria'! 

suspension agar plates. Associated bacteria failed to grow well, but myxobactcria 
developed rapidly. 

The species of the genera Cytophaga and Sporocyiophaga require special technics 
(Stanier, Bact. Rev., 6, 1942, 143). The soil forms which decompose cellulose may 
be enriched with a medium consisting of cellulose (usually in the form of filter paper) 
and a neutral or slightly alkaline mineral base containing either ammonium or nitrate 
salts as nitrogen source. For certain species chitin may be substituted for cellulose. 
Pure cultures may be secured by useof soft agar (1 per cent or less) with finely divided 
cellulose or with cellulose dextrins (Fuller and Norman, Jour. Bact., ^6, 1943,281). 

Cultivation of organisms. Pure cultures of many species have been grown upon 
various media and substrates. Sterilized dung, dung decoction agar, nutrient agar, 
potato and potato agar, sterilized lichens, etc. have all been used. Little study 
has been made of the food requirements. Recent evidence indicates the utilization 
of some of the more complex carbohydrates. Imsenecki and Solntzeva (Microbiology, 
Moscow, 6y 1937, 3) reported the growth of certain species on cellulose with partial 
decomposition of that compound. Mishustin (Microbiology, Moscow, 7, 1938, 427) 
isolated five species of celIulose*decomi>osing myxobactcria, cultivating them on a 
mineral salt-silica gel medium to which filter paper had been added as a source of 
carbon. Krzemicniewska (Acta. Soc. Bot. Polon., 7, 1930, 507) grew species of the 
Cytophagaceae on cellophane, while Stapp and Bortels (Cent. f. Bakt., II Abt., 90, 
1934,28) record the growth of other members of the same family on media containing 
such carbon sources as mannitol, glucose, sucrose, dextrin, cellotriose and cellobiose. 
Inorganic nitrogen sources compared favorably with organic, in some cases appearing 
to be preferable. Stanier (Jour. Bact., 40, 1940, 623) observed peptone and yeast 
extract to be the only suitable nitrogen sources for the Cytophagaceae, inorganic salts 
and amino acids failing in this respect. Agar and cellulose were decomposed, while 
chitin and starch were not utilized. Johnson (Jour. Bact.,^^, 1932, 335) and Benton 
(Jour. Bact., 29, 1935, 449) both reported chitinovorous my.xobactcria. Beebe (Iowa 
State Coll. Jour. Sci.* 15, 1941, 319 and 17, 1943, 227) claimed growth of species of 
Polyangium, Podangium, Chondrococcus and M\jxococcus on 1.5 per cent agar with no 
other nutrients added. Peptone appeared to aid development, while the addition 
of beef extract had no favorable effect. Moderate growth occurred on a mineral salt- 
agar medium without the addition of carbon or nitrogen sources. Growth was stimu¬ 
lated by the addition of various complex carbohydrates including cellulose and starch, 
the latter being hydrolyzed; complete inhibition resulted with pentoses and he.xoses. 
Best growth was reported on a medium composed of dried bacterial cells suspended in 

1.5 per cent agar. The suspended cells were lysed by the myxobactcria. 

The Krzemieniewskis (Acta Soc. Bot. Pol., 5, 1927, 102) showed that the optimum 
hydrogen ion concentrations for growth of different species were found between pH 

3.6 and 8.0. Beebe (1041, loc. cil.) reported no growth of any species below pH 6.0, 
while moderate development was noted up to pH 9.0. 

Habitat and distribution. Many species have been described from dung. The 
work of the Krzemieniewskis (Acta Soc. Bot. Pol., 5, 1927, 102), Mishustin (Micro¬ 
biology, Moscow, 7, 1938, 427), ImScnccki and Solntzeva (loc. cit.) and others seems 
to indicate that they occur commonly in soils, particularly soils under cultivation 
or high in organic materials. Different species appear to be characteristic of various 
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tyi)Cs of soils. Pobjangium cdhdosuni var. ferrugineum Mishustin and Polyangium 
cdlulosum var./iisci/m Mishustin (/oc. cf(.) wereobserved to be common in the black 
soils of Kasteni Euio])ean Russia, while a similar variety of the same species was 
reported only from podzol soils. Species of the families Polyangiaceae, Sorangiaceas 
and to a lesser degree Ardiangiaceae appear to predominate in Russian and European 
soils, while the soils of Central and Western United States seem to be more suitable 
for the growth of the d/yjococcaceae. Soils of mountainous regions are said to contain 
fewer numbers of myxobacteria than those of lowland areas. 

The distribution of myxobacteria in the soil seems to show a relationship to t e 
liydrogen ion concentration. Some species arc found only in neutral or alkaline sois 
(pll 7.0 to 8.0), others only in acid soils (pH 3.6 to 6.4). Some species sho^\ a ^ 


tolerance (pll 3.6 loS.O). 

Relationships of the Myxobacteria. The resemblance of the pseudoplasmodmni 
of the myxobacteria to tlie plasmodium of the slime molds is as noted above proba y 
to be regarded as without significance, as is also the superficial resemblances o t e 
fruiting bodies of the two groups. Jahn (1924, loc. cit.) dismisses the relationship o 
tlie Thiuhactenales suggested by Thaxter as improbable. Thaxter believed the 
session of the red color might show presence of bacteriopurpurin; but Jahn foun 
carotin reaction which argues against this idea. Jahn insists upon a close 
ship to the blue-green algae, particularly because of the mobility of the cells an 
creeping motion. He docs not believe all Schizophytae that do not belong o 
Cyanophyceae (blue-green algae) should be grouped as bacteria. He 
myxobacteria to be more closely related to the blue-green algae than to the true 
teria, and creates the class Polyangidae to be coordinate with the class 
In this he ignores the equal evidence of close relationship of the sulfur bac erm ^ 
the Cyanophyceae. Ills argument would lead to the recognition of all the 
bacteria recognized in this M.^x'ual as classes. The wisdom of this is ^ 

The MyjohadcTiales may be regarded as a well-differentiated order of e 
niyedes showing some resemblance to the true bacteria on the one hand and t 

p/iyccac (CyanopAyccac) and Tfimtacieria/es on the other. into 

Families of the Myxobacteriales. The division of the order Myxobact 
families has been based, in all classifications proposed, upon morphology^ . ^.pen 
demonstration by Stanier (Jour. Bact., iO, 1940,636) of the close '•^‘‘“'7'' ^ „ition 
species of the genus Cyiophaga and the myxobacteria led him to propose t 

of a new family, Cyfop/iayaceae. ,. nr^viouslv recog- 

The principal character differentiating this family from the four p ^^ped 

nized is the absence of differentiated fruiting bodies. The resting 

in the genus (Cyiophaga). In another genus recognized by Stanier ^ the 

the resting cells are spherical. This brings the taxonomist 

problem of deciding whether the presence of fruiting bodies or of 

of the spores should be the primary basis of differentiation. inclusion of 

spherical spores is believed to be of sufficient significance . although 

all organisms producing such in the familyil/yxococcflceoc. Sporocy p • 

it produces no fruiting body, is therefore placed in are 

which produce neither spherical spores nor fruiting bodies (g 

placed in the new family Cytophagaceae. vr;^mbiol . 4. 

Krzemieniewska's (Acta Soc. Bot. Pol., 7.1930, 507 and 

394) conclusion that two distinct cell shapes appear in the ^ ed in some 

rods with ends almost truncate, and long, slender rods almost p ,l,e 

cases with pointed tips) is supported by Stanier (Bact. Rev., , . 
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conclusion that the family Archangiaceae should be abandoned (Krzeinieniewski 
and Krzemieniewska, Bull. Acad. Pol. Sci. Lettres, Classe Sci. Math. Nat., S6v. B., 
Sci. Nat., I, 1937, 11-31) and the genera and species redistributed. The validity 
of the argument is accepted, but the family is retained until a satisfactory revision 
can be effected. This should be based on a careful comparative study of t he species. 

Key io the Families of Order Myxobacteriales. 

I. Neither definite fruiting bodies (cysts) nor spores (microcysts) produced. 

Family I. Cytophagaceae, p. 1012. 

II. Spores (resting cells, microcysts) produced. 

A. Resting cells (spores, microcysts) elongate, not spherical or ellipsoidal. Fruit¬ 

ing bodies (cysts) produced. 

1. Fruiting bodies (cysts) not of definite shape; cells heap up to produce 

mesenteric masses or fingcr-like (columnar) bodies. 

Family II. Archangiaceae, p. 1017. 

2. Fruiting bodies (cysts) of definite shape. 

a. Cysts usually angular. Vegetative cells usually thick and short, 
vith blunt, rounded ends. 

Family III. Sorangiaceae, p. 1021. 

aa. Cysts usually rounded. Vegetative cells long and thin, sometimes 
spindle-shaped with pointed ends. 

Family IV. Polyangiaceae, p. 1025. 

B. Resting cells (spores, microcysts) spherical or ellipsoidal. Fruiting Ixidies 

produced except in genus Sporocytophaga. 

Family V. Myxococcaceae, p. 1040. 
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FAMILY I. CYTOPHAGACEAE STANIER. 

(Jour. Bact., ^0, 1940, 630.) 

Flexible, sometimes pointed rods, showing creeping motility. No fruiting bodies 
or spores (microcysts) formed. There is a single genus Cijtopkaga. 

Genus 1. Cytophaga Winogradsky. 

(.\nn. Inst. Pasteur, 4^, 1929, 578.) 

Diagnosis: As for family. From Greek kytos, hollow place or cell; and phageint 
to eat, devour. 

The type species is Cytophaga hutchinsonii Winogradsky. 


Key to the species of genus Cytophaga. 


I. From soil. 

A. Do not utilize starch. 

1. Produce yellow pigment on cellulose. 

1. Cytophaga hutchinsonii. 

2. Cytophaga lutea. 

2. Produces orange pigment on cellulose. 

3. Cytophaga aurantiaca. 

3. Produces pink pigment on cellulose. 

4. Cytophaga rubra. 

4. Produces olive-green pigment on cellulose. 

5. Cytophaga tenuissima. 

B. Utilize starch. 

1. Produces yellow to orange pigment on starch. 

6. Cytophaga deprimata. 

2. Produces cream to pale yellow pigment on starch. 

7. Cytophaga albogilva. 

II. From sea water. 

A. Dark pigment on cellulose. 

8. Cytophaga krzemieniewskae. 

B. No pigment on cellulose. 

9. Cytophaga diffluens. 


C. Liquefies agar. 


10. Cytophaga sensiliva. 


1. Cytophaga hutchinsonii Wino¬ 
gradsky. (Winogradsky, Ann. Inst. 
Pasteur, 43, 1929, 578; Cytophaga strain 
8, Jensen, Proc. Linn. Soc. N. S. Wales, 
65, 1940, 547; not Cytophaga kutchinsoni 
ImSenecki and Solntzeva, Bull. Acad. 
Sci. U.S.S.R., Ser. Biol., No. 6, 1936, 

1129.) 

Etymology: Named for H. B. Hutchin¬ 
son. 

Rods: Highly flexible, occurring singly, 
0.3 to 0.4 microns wide at the center and 
tapering to both ends. liCngth 3.0 to 


>crons, according to Kr^cmicniewska 

Mikrobiol., 1933, 396 i “> 
icrons, according to Jensen ( oc. 

be straight, bent, H-aiy 

d. Stain poorly with ordrn^ 

e dyes. With Giemsa s or W 

ky.s stain young cells a. colo-^ 

rally except for ‘ ^ cells 
„ almost colortes; ^ 
is a concentra ion j„ces 

■ial at the center. Old 
large coccoid cells which are 

y seen. Gram-negative. 
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Growth on cellulose, cellobiose, cel¬ 
lulose dextrins and glucose. On mineral 
salts-silica gel plates covered with 
filter paper, bright yellow glistening 
mucilaginous patches are produced after 
a few days. The filter paper in these 
regions is gradually completely dissolved 
and the patches become translucent. 

Ammonia, nitrate, asparagin, aspartic 
acid and peptone can serve as sources of 
nitrogen, according to Jensen {loc. cit.). 

Strictly aerobic. 

Optimum temperature 28® to 30°C. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant res¬ 
idues. 

2. Cytophaga lutea Winogradsky. 
(Ann. Inst. Pasteur, 1939, 599.) 

Etymology: Latin luleuSy yellow. 

Dimensions of the cells approximately 
thoseof Cylopkaga auranliaca (see below) 
but rather larger and thinner and without 
marked central swelling. Gram¬ 
negative. 

Produces a brilliant yellow pigment 
similar to that of Cytophaga hulckinsonii. 

This species differs only in size from 
Cytophaga hutchinsoni, and is probably a 
variety of it. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant re¬ 
sidues. 

3. Cytophaga aurantlaca Wino¬ 
gradsky. (Ann. Inst. Pasteur, 4S, 1929, 
597; probably Mycococcus cylophagus 
Bokor, Arch. Microbiol., 1,1930,34.) 

Etymology: Modern Latin aurantiacus, 
orange-colored. 

Cells 1.0 micron wide at the center by 
6 to 8 microns long. Except for size, very 
similar to those of Cytophaga hutchinsonii. 
Gram-negative. 

Produces orange mucilaginous patches 
on filter paper-silica gel plates. Fibroly- 
sis is very rapid and intense. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant res¬ 
idues. 


4. Cytophaga rubra Winogradsky. 
(Ann. Inst. Pasteur, 43, 1929, 598.) 

Etymology: Latin Tuber, red. 

Pointed rods, straight or sometimes 
slightly bent, occasionally hooked at one 
end. Length approximately 3 microns. 
Gram-negative. 

Produces diffuse, rapidly-spreading, 
pink to brick-red patches on filter paper- 
silica gel plates. Fibrolysis is much 
slower and less extensive than that caused 
by Cytophaga hutchinsonii. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant resi¬ 
dues. 

5. Cytophaga tenuissima Winogradsky. 
(Ann. Inst. Pasteur, 43, 1929, 599; incor¬ 
rectly spelled Cytophaga ierniseima in 
Bergey et al.. Manual, 4th ed., 1934, 559.) 

Etymology: Latin tenuissimus, most 
tenuous, very slender. 

Dimensions of cells not given, but 
described as being extremely slender. 
Gram-negative. 

Produces mucilaginous, greenish to 
olive patches on filter paper-silica gel 
plates. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes plant resi¬ 
dues. 

6. Cytophaga deprimata Fuller and 
Norman. (Jour. Bact., 43, 1943, 566.) 

Etymology: Latin deprimo, to depress 
or sink down. 

Rods: Long and flexuous with pointed 
ends, 0.3 to 0.5 by 5.5 to 10 microns, 
arranged singly. Creeping motility on 
solid surfaces. Gram-negative. 

Growth on starch agar is at first smoky 
to faint yellow becoming bright yellow 
later. Colonies are irregular and concave 
in elevation. The edge spreads indis- 
tinguishably into the surrounding 
medium and shallow depressions develop 
around the colony. Small colonies give 
the plate a characteristic pitted ap¬ 
pearance. 

Growth on cellulose dextrin agar is 
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milky white. Colonies are depressed in 
medium. 

Gelatin is liquefied in 4 days. 

Glucose, lactose, maltose, sucrose, 
pectin, starch, cellulose dextrin and 
hemicellulose are utilized. Very scant 
growth on cellulose may be found on first 
isolation. 

Yeast extract, ammonium nitrate and 
peptone are suitable nitrogen sources. 
Indole not formed. 

Nitrites not produced from nitrates. 
No visible change in litmus milk. 
Highly aerobic. 

Optimum temperature 25° to 30°C. 
Source: Isolated from soil. 

Habitat: Soil. Decomposes organic 
matter. 

7. Cytophaga albogilva Fuller and 
Norman. (Jour. Bact., 4^, 1943, 566.) 
Etymology: Latin albus, white, and 

gilvus, pale yellow. 

Long flexuous rods with pointed ends, 
0.3 to 0.5 by 4.5 to 7.5 microns, arranged 
singly. Creeping motility on solid sur¬ 
faces. Gram-negative. 

Growth on starch agar is cream to pale 
yellow. Colonies are small, concave, and 
irregulary round. Edge is entire and 
irregular. 

Growth on cellulose dextrin agar is 
restricted. Colonies are pin-point, 
milky white in color, round and concave. 
Gelatin is liquefied in 7 days. 

Glucose, galactose, lactose, maltose, 
sucrose, gum arabic, pectin, starch, 
cellulose dextrin and hemicellulose are 
utilized. Very scant growth on cellulose 
may be found on first isolation. 

Ammonia, nitrate and peptone are 
suitable nitrogen sources. 

Indole not formed. 

Nitrites not produced from nitrates. 
No visible change in litmus milk. 
Highly aerobic. 

Optimum temperature 22“ to 30 C. 
Source: Isolated from soil. 

Habitat: Soil. Decomposes organic 

matter. 


8. Cytophaga krzemieniewskae 

Stanier. (Incorrectly spelled Cylophaga 
krzcmicniewskii in Stanier, Jour. Bact., 
40, 1040, 623; Jour. Bact., 4^, 19^L 
Etymology: Named for H. Krzemien- 

iewska. 

Long, flexible rods, usually of even 
width with blunt end.s, occasionally 
somewhat pointed and spindle-shape i 
0.5 to 1.5 by 5 to 20 microns. Star- 
shaped aggregates occur in liquid media. 
Creeping motility on solid surfaces, 

non-motile in liquids. 

Growth on a sea water-peptone agar 
plate begins as a smooth, thin, pale pm , 
rapidly spreading swarm. After a 
days, the older portions of the swarm 
assume a warty appearance due to t e 
accumulation of cells in drop-like masses, 
resembling immature fruiting bodies u 
always containing normal vegetative cc s 
A diffusible brown to black 
which masks the pink color of 

is produced after about a week, 

rapidly decomposed, and ultima 
liquefaction becomes almost complete. 
Sea wafer-gelatin stab: Liquefaction. 
Growth in liquid media is turbid and 

silky with a pink sediment; the medium 

turns dark brown or black after or 


Xylose, glucose, galactose, lactose, 
naltose, cellobiose, cellulose, a 
icid, agar and starch are utilized, u 
irabinose, sucrose and chitin. 

Yeast extract and peptone are 
mitable nitrogen sources known. 

Dositive. 


Indole not formed. 

Nitrites produced from nitra 
Hydrogen sulfide not produced. 
Salt concentration range: 1. 


ent. 

•ictly aerobic. _ 

timum temperature 22 to 

,rce: Isolated from s'®"®'"., on 
bitat: Sea water. 

^^ing marine vegetation- 
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9. Cytophaga diffluens Stanier. (Jour. 
Bact., 40 , 19-10, 623; Jour. Bact., 4 ^, 
1941, 546.) 

Etymology: Latin dijjluens, spreading, 
flowing away. 

Pointed, sometimes spindle-shaped, 
flexible rods, 0.5 to 1.5 by 4 to 10 microns. 
In old cultures involution forms consist¬ 
ing of long, twisted, thin threads are 
found. Star-shaped aggregates of cells 
occur in liquid media. Creeping motility 
on solid surfaces, non-motilc in liquids. 

Growth on a sea water-peptone agar 
plate begins as a thin, pink, rapidly 
spreading swarm which often covers the 
entire surface in a few days. The swarm 
gradually increases in thickness and 
develops an irregular, beaten-copper 
surface due to the liquefaction of the 
underlying agar. After 4 to 5 days the 
color becomes orange. Liquefaction of 
the agar is ultimately almost complete. 

Sea water-gelatin stab: Rapid lique¬ 
faction. 

Growth in liquid media is turbid, often 
with suspended flocculcs and a heavy 
pellicle. 

Xylose, glucose, galactose, lactose, 
maltose, cellobiose, cellulose, agar and 
alginicacid are utilized, but notarabinose, 
sucrose, chitin or starch. 

Yeast extract and peptone are the only 
suitable nitrogen sources known. 

Weakly catalase positive. 

Indole not formed. 

Nitrites produced from nitrates. 

Hydrogen sulfide not produced. 

Salt concentration range: 1.5 to 5.0 
per cent. 

Slightly aerobic. 

Optimum temperature 22* to 25*C. 

Source: Isolated from sea water. 

Habitat: Sea water. Probably on 
decaying marine vegetation. 

10, Cytophaga sensUlva Humm. 
(Duke Univ. Marine Lab., North Caro¬ 
lina, Bull. 3, 1946 , 64.) Etyomology: 
Latin aenaus, to perceive. 

Cells long, slender, flexous rods. 


Apparently not flagellated, 0.8 to 1.0 
by 7.0 to 20 microns. Cell ends not 
tapered or only slightly so. Gram- 
negative. Cells exhibit creeping motil¬ 
ity on agar with ability to reverse 
direction of movement without turning. 
Bending movements occur in liquid 
media. 

Colonies light orange, thin and shin¬ 
ing. Irregular margin. Outer part 
composed of a single layer of cells, 
spreading rapidly, the center somewhat 
thicker and more or less opaque, sunken 
in the agar. Agar liquefied. Single 
colony may nearly cover the surface 
of the agar in the Petri dish within one 
week; center of colony sinks to the bot¬ 
tom of the dish and may develop vertical 
sides. Usually the colony begins to die 
after a week or ten days from the center 
outward, as shown by loss of pigment. 
.Apparently no water-soluble pigment is 
produced. Colony 18 mm in diameter 
and gelase field 25 mm in diameter after 
three days on agar containing 0.8 per 
cent potassium nitrate and 0.8 per cent 
peptone (iodine stain). 

Gelatin: No growth. 

Milk: No growht. 

Nitrate apparently not produced from 
nitrate (agar medium). 

Optimum nitrate concentration of 
medium appeared to be 0.5 per cent. 
Fair growth on sea water plus agar only, 
and on agar containing 1.0 per cent 
potassium nitrate. Slight growth on 
2.0 per cent nitrate agar. 

Optimum peptone concentration ap¬ 
peared to be about 0.1 per cent; grow'th 
inhibited by concentrations of peptone 
exceeding 0 4 per cent. 

No growth on agar media containing 
any one of the following substances in a 
concentration of 0.2 per cent glucose, 
starch, ammonium sulfate. The basal 

medium, however, supported excellent 
growth. 

Repeated efforts were made to obtain a 
pure culture by streaking plates and by 
pouring plates. These were finally sue- 
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cessful by the use of an agar medium that 
contained 0.1 per cent peptone, 0.05 
per cent beef extract, 0.05 per cent glu¬ 
cose, and traces of yeast extract and 
ferric phosphate. Good growth on broth 
of this composition was also obtained. 
Apparently the yeast extract supplied 
necessary growth substances. 

Source: Isolated September 19, 1945 
from a mixed culture with Pseudomonas 
corallina, hy streaking a piece of Dictyota 
dicholoma on agar containing 0.2 per 
cent potassium nitrate. 

Habitat; From seaweed. Beaufort, 
North Carolina. 


Appendix: Stapp and Bortels (Cent. f. 
Bakt., II Abt., 90, 1934 , 28) described 

four new obligate cellulose-decomposing 

species; Cytopkaga silvesiris, Cytopkaga 
anularis, Cytopkaga Jlavicula and Cyto- 
phaga crocea. The differences between 
them are small and, while it is impossible 
to make positive identifications on the 
basis of present knowledge, they seem 
to be very similar to Cytopkaga hutchm’ 
sonii. In the absence of comparative 
pure culture studies on the obligate 
cellulose-decomposing members of the 
genus, the proper delimination of species 
is not possible. Their inclusion in keys 
must await additional information. 
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FAMILY ir. ARCHANGIACEAE JAHN. 

(Beitruge zur botan. Protistologie, I. Die Polyangitlen. Geb. Borntraeger, Leipzig 
1924.) ^ 

In the organisms belonging to this family the swarm (pscucloplasmodium) produces 
irregular swollen or twisted fruiting bodies, or develops columnar or finger-like 
growths, usually without a definitely differentiated membrane. 

Key to the genera of family Archangiaceae. 

I. Fruiting body depressed, usually irregularly delimited, the interior usually con¬ 
sisting of swollen or intestine-like twisted or inter-twined masses, whose wind¬ 
ings may be constricted or may jut out (project) as free ends. 

Genus I. Archangiuniy p. 1017. 

II. Fruiting body consists of single (separate) columnar or finger-like structures 
arising from the substrate. 

Genus II. Stelangium, p. 1020. 

Genus I. Archangium Jahn. 

(Jahn, Beitriige zur botan. Protistologie, I. Die Polyangiden. Geb. Borntraeger* 
Leipzig, 1924,67; Ophiocyslia Enderlein, Bermerkungen zur Systematik der Chondro" 
myciden, Berlin, 1924, 6 pp.) 

Etymology: Greek arche, primitive, and angion, vessel (according to Jahn, this 
genus is the most primitive). 

The mass of shortened rods embedded in slime forms a pad-shaped or more rounded, 
superficially swollen or tuberous fruiting body, even with horny divisions. The 
fruiting body has no membrane. In the interior can be seen a mass resembling coiled 
intestines. The windings of this coil may be uniform, or irregularly jointed, free or 
stuck together; the ends may be extended and horny. Instead of a membrane there 
may be loosely enveloping slime. 

The type species is Archangium gephyra Jahn. 


Key to the species of genus Archangiiun. 

I. No slimy capsules. 

A. Fruiting body usually wound, irregularly constricted, sometimes swollen 

and vesicular, appressed. 

1. Fruiting body red. 

a. The shortened rods 2.5 to 3 microns. 

1. Archangium gephyra. 
aa. The shortened rods 4 to 6 microns. 

2. Archangium primigenium. 

2. Fruiting body yellow. 

3. Archangium flavum. 

B. Tube usually uniformly thick, loosely wound, often branched. 

4. Archangium serpens. 

II. Fruiting body consisting of a reddish coiled tube, embedded in yellow slime. 

5. Archangium thaxteri. 


1. Archangium gephyra Jahn. (CAon- botanischen Protistologie. I. Die Poly- 
dromyces serpens Quehl, Cent. f. Bakt., angiden, Geb. Borntraeger, Leipzig, 
II Abt., 16, 1906, 16; Jahn, Beitrage zur 1924, 67.) 
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Etymology: Greek gepkyra, a bridge. 
So named because a transition form 
between the Archangiaceae and the 
Myiococcaceae. 

Swarm stage (pscudoplasmodium): 
Grows easily in manure decoction, 
forming a pscudoplasmodium and ring of 
fruiting bodies. The vegetative rods 
are about 10 microns long, 0.5 micron in 
diameter. 

Fruiting bodies: Up to 1 mm in di¬ 
ameter, of irregular form and with 
swollen or padded surface. Average 
sized fruiting bodies are a reddish flesh 
color by reflected light; smaller fruiting 
bodies, a light rose. On a dark back¬ 
ground large fruiting bodies when fresh 
appear bluish violet. By transmitted 
light the fruiting bodies appear yellowish 
to light red. Upon addition of alcohol or 
when heated in glycerine, they lose the 
color quickly and appear gray or 
colorless. 

The inner structures are for the most 
part a mesenteric mass of tubes 40 to 60 
microns wide, without any membrane, 
and without any enclosing slime. The 
convolutions are often pressed together. 
On the inside of these tubes there appears 
definitely a septation by straight or 
slightly arched cross walls which, how¬ 
ever, do not always cut entirely through 
the spore masses from one side of the tube 
to the other. Upon pressure, the fruiting 
body breaks up into a number of small 
fragments about 15 to 30 microns in 
diameter. Within these fragments the 
shortened rods lie parallel and in bundles. 

The rods in the fruiting bodies are so 
shortened that they resemble the spores 
of the Myxococcaceae. The spores are 
2.5 to 2.8 microns long and about 1.4 
microns wide. Often they are somewhat 
bent so that they appear to be bean¬ 
shaped. In the smooth, transparent tips 
of fruiting bodies they stand closely 
parallel to each other, so that in trans¬ 
mitted light one sees only their cross 
section and is at first led to believe that 


he is dealing with one of the Myxo* 
coccaceae. 

Source and habitat: Found frequently 
in the region of Berlin on the dung of 
deer, rabbits, and hare, once also on old 
decaying lichens. Easily overlooked on 
account of its usual bluish color. Accord¬ 
ing to Krzemieniewski (1927) the most 
common of myxobaetcria in the soils of 
Poland. Isolated on rabbit dung. 

Illustrations: Quehl {loc. cit.) PI- 
Fig. 7. Jahn ( 1924 , foe. cj7.) PI-1, F'g-5- 
Krzemieniewski, Acta Soc. Bot. Poo- 
niae, 4, 1926, PI. Ill, Figs. 25-26. 

2. Archangium primigenium (Quehl) 
Jahn. {Polyangium primigenium Quch , 

Cent. f. Bakt., II Abt., 16, 1906 . 16; 
Jahn, Beitriige zur botanischen Pro- 
tistologie. I. Die Polyangiden, Oeb. 
Borntraeger, Leipzig, 1924.) 

Etymology: Latin, pn'mi^cntMS, pru^* 
tive, referring to the simple and primitive 

characterof the fruiting body. 

Swarm stage (pscudoplasmodium) : 
manure decoction cystsgerminaterea i 

Vegetative rods 4 to 8 microns in eng 
Fruiting bodies: Up to 1 ; 

ameter, sometimes larger, with 
larly padded swollen surface; w 
fresh a lively red color which 9 
prominent especially against a dar' 
ground; when dried, dark 
transmitted light flesh red to ye ^ 
red. In alcohol and upon heating 

quickly bleached. 

In transmitted light one sees that t 

fruiting body is made up ^p. 

intestine-like convolutions 

pressed, not however, always definitely 

delimited. These tubes ^^ften 

diameter of from 70 to 90 

constricted and attenuated. 

brane is present. The rods in the fru^^ 

ing bodies are about 4 microns long 

0.8 micron wide. Upon ^er 

fruiting bodies, the rods remain 
in small fragments of various 8»^- 

2a. Archangium prtmtgenium 
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assurgens Jahn. (Jahn, Beitr^e zur 
botanischen Protistologie. I. Die Po!y- 
angiden, Geb. Borntraeger, Leipzig, 
5f 1924, 69j Archangimn Qssurgens 
Krzcmieiiiewski, Acta Soc. Bot. Poloniae 
1927, 95.) 

Etymology: Latin assurgens, rising up. 
Size and color of the fruiting body as in 
the species, likewise the inner structure, 
size and arrangement of the rods. How¬ 
ever, the tubules which together consti¬ 
tute the fruiting bodies are more or loss 
free at their ends and stand up from the 
substrate. Their diameter is somewhat 
less (about 45 microns), they are often 
convoluted so that they many times 
appear to be constricted (like pearls). 

Pronounced races of the species and of 
the variety are so different in habits that 
they may be regarded as distinct species. 
Jahn believes the presence of inter¬ 
mediate strains makes a separation 
difficult. 

Source and habitat: According to 
Jahn, Archangium primigenium is not 
particularly common. It is usually 
found on rabbit dung, sometimes.on roe 
dung. The variety assurgens is rela¬ 
tively rare (found three times on rabbit 
dung) Koder (1930) on rabbit dung, 
Vienna. Very rare in Polish soils ac¬ 
cording to Krzemieniewski (1927). 

Illustrations: Quehl, Cent. f. Bakt., 

11 Abt., 16, 1906, 16, PL 1, Fig. 5; Jahn, 
Kryptogamenflora d. Mark Brandenburg, 
V, Pilze I, Lief. 2,1911,201, PL 1, Fig. 5; 
Jahn (1924, loc. cil.) PI. 1 , Fig. 4, also 
Fig. G, page 37; Krzemieniewski (1926, 
loc. cit.) PL II, Fig. 23; (1927, loc. cil.) 
PL IV, Fig. 3. var. assurgens, PL IV, 
Fig. 1 and 2 . 

3. Archangium flavum (Kofler) Jahn. 
{Polyangium Jlavum Kofler, Sitzber. d. 
Kais. Akad. Wiss. Wien. Math.-Nat. 
Klassc, 122 Abt., 1913,864; Jahn, Beitriige 
zur botanischen Protistologie. I. Die 

Polyangiden, Geb. Borntraeger, Leipzig, 
1924,71.) 


Etymology: Latin Jlavus, golden or 
reddish-yellow. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: About 0.5 mm in 
diameter, yellow, spherical or oval, with 
humped or padded surface. The mass of 
cells quite homogeneous, upon pressure 
under cover glass single sections tend to 
adhere. No membrane, though the rods 
are so tightly linked that when cautiously 
placed under a cover glass, the form of the 
fruiting body is retained. Rods 2 to 4 
microns. 

Source and habitat; Kofler (1924) on 
hare dung found in Danube meadows. 
Reported as frequent in Polish soils by 
Krzemieniewski (1926, 1927). 

Illustrations: Krzemieniewski, Acta 
Soc. Bot. Poloniae, 4, 1926, PL II, Fig 

24. (1927), PL IV, Fig. 4, 5 and 6. 

4. Archangium serpens (Thaxter) 
Jahn. {Ckondromyces serpens Thaxter, 
Bot. Gaz., 17, 1892, 403; Jahn, Beitriige 
zur botanischen Protistologie. I. Die 
Polyangiden, Geb. Borntraeger, Leipzig 
1924 , 72.) 

Etymology: Latin serpens, creeping. 
Swarm stage (pseudoplasmodium): 
Rods cylindrical, 0.6 by 5 to 7 microns. 
Cultures on agar develop convoluted 
form. 

Fruiting body: About 1 mm in di¬ 
ameter, recumbent, consisting of numer¬ 
ous loosely intertwined cysts, confluent 
in an anastomosing coil, flesh-colored, 
when dry dark red, 50 microns in di¬ 
ameter, bent, occasionally somewhat 
broadened or constricted, branched. 

Source and habitat: Thaxter, Bot. Gaz., 

17, 1892, 389. On decaying lichens. 
Cambridge, Mass. 

Illustrations: Thaxter {loc. cil.), PL 
24, Fig. 24. 

5. Archangium thaxterl Jahn. (Bei- 
trage zur botanischen Protistologie. I. 
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Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 71.) 

Etymology: Named for Dr. Roland 
Thaxter. 

Swarm stage (pseudoplasmodium): 
Vegetative stages not observed. Either 
no germination or prompt cessation of 
growth on dung extract. May be trans¬ 
ferred on dung. 

Fruiting body: Usually 0.25 to 0.5 
mm, occasionally 0.75 mm in diameter. 
Irregularly rounded, superficially sulfur 
yellow. Upon pressure numerous red¬ 
dish convoluted tubules are observed 
embedded in a yellow slime. The 
average diameter of the tubules is about 
50 microns. No membrane surrounds the 
tubes. They contain the shortened rods. 


The fruiting body is bleached by alcohol 
or heat, becoming yellowish. Envelop¬ 
ing slime is variable. In well developed 
specimens the slime forms a stalk, giving 
the whole the appearance of a morel. 
In small specimens the rods are embedded 
in the slime. The fruiting bodies stand 
loosely separated on surface of dung, 
never in large groups. Shortened rods 
(spores) 0.5 micron by 3 microns, very 
slender. 

Source and habitat: According to Jahn 
rare, on rabbit dung. Races with well 
developed stalks even less common. 

Illustrations; Jahn {loc. cit.), Pb ^ 
Fig. 1 and 2. Krzemieniewski, Acta Soc. 

Bot. Poloniae, 4, 1926, PI. II, Fig. 27. 


Genus II. Stelangium/a/in. 

(Kryptogamenflora der Mark Brandenburg, V, Pilze I, Lief. 2, 1911,205.) 

Etymology: Greek 5te?c, pillar or column and anyion, vessel. 

Diagnosis: Fruiting bodies are columnar or finger-like, sometimes forked, \n o 
definite stalk, standing upright on the substrate. 

The type species is Stelangium muscorum (Thaxter) Jahn. 


1. Stelangium muscorum (Thaxter) 
Jahn. {Chondroinyces rnuscorum Thax¬ 
ter, Bot. Gaz., 57, 1904 , 411; Jahn, 
Kryptogamenflora der Mark Branden¬ 
burg, V, Pilze I, Lief. 2, 1911, 205.) 

Etymology: Latin jnuscus, moss. 

Sw’arm stage (pseudoplasmodium): Not 
described. 

Fruiting body: Bright yellow-orange, 


90 to 300 microns long, 10 to 50 microns 
wide, without differentiated stalk, simple 
or rarely furcate, upright, elongate, 
compact or slender, narrowed at tip- 
Rods (spores) 1 to 1.3 by 4 to 6 microns. 

Source and habitat: According to 
Thaxter {loc. cit.) on liverworts on living 

beech trunks in Indiana. 

Illustrations: Thaxter (loc. cil-) 

27, Figs. 16-18. 
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FAMILY III. SORANGIACEAE JAHN. 

(Beitriige zur botan. Protistologie. I. Die Polyangiden. Geb. Borntraeger, Leipzig, 
1924, 73.) 

Diagnosis: The shortened rods of the fruiting body lie in angular, usually relatively 
small cysts of definite polygonal shape. Often many of these cysts are surrounded 
by a common membrane. The primary cyst may be differentiated from the angular 
or secondary cysts. No stalked forms are known. 

Genus 1. Soranglum Jahn. 

(Jahn, Beitriige z. botan. Protistologie. I. Die Polyangiden. Geb. Borntraeger, 
Leipzig, 1924, 73; Crjstoecemia Enderlein, Bemerkungen z. Systematik d. Chondro- 
myciden, Berlin, 1924, 73.) 

Etymology: Greek soros, heap and angion, vessel. 

Diagnosis: As for the family. The cysts are united into rounded fruiting bodies. 
Eight species have been allocated to this genus. 

The type species is Sorangium schroeteri Jahn. 

Key to the species of Genus Sorangium. 

I. Fruiting bodies not black when ripe. 

A. Primary cysts absent; fruiting body shows only angular, spherical or oval 

small cysts. 

1. Cysts angular. 

a. Fruiting body very small (50to80 microns), often irregularly cerebri- 
fonn; the angular cysts often completely separated from each other, 
and about 13 microns in diameter. 

1. Sorangium schroeteri. 

aa. Fruiting body composed of many small cysts. 

b. Cysts orangc*rcd in color; over 5.0 microns in diameter. 

2. Sorangium soredialum. 

bb. Rusty brown color; cysts less than 3.5 microns in diameter. 

3. Sorangium cellulosum. 

2. Cysts spherical or oval. 

4. Sorangium spumosum. 

B. Both primary and secondary cysts present. 

1. Primary cysts small and numerous, about 20 microns, with definite mem¬ 

brane and few angular secondary cysts. 

5. Sorangium septatum. 

2. Primary cysts large, with delicate, often indefinite, membrane. 

6. Sorangium compositum. 

II. Fruiting bodies black or brownish-black w’hen ripe. 

A. Primary cysts generally not formed. 

7. Sorangium nigrum. 

B. Primary cysts generally formed. 

8. Sorangium nigrescens. 

1. Sorangium schroeteri Jahn. (Jahn, I. Die Polyangiden. Geb. Borntraeger, 
Beitriige zur botanischen Protistologie. Leipzig, 1924, 73; regarded as a synonym 
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of Sorangium composilum by Krzemien- 
iewski, Acta Soc. Bot. Poloniae, 5, 
1927, 96.) 

Etymology: Named for Julius Schroeter 
(1837-1894). 

Swarm stage (pseudoplasmodium) ;Not 
described. 

Fruiting bodies: Very small, circular, 
swollen, often kidney-shaped with brain- 
like convolutions, usually 60 microns 
(occasionally 120 microns) in diameter, 
bright orange-red. Surrounded by a 
delicate slime membrane about 0.7 micron 
thick, apparent only with high magniOca- 
tions. Divided secondarily into angular 
cysts, by sutures extending inward which 
divide the mass regularly into well 
delimited portions, many angled, usually 
about 12 microns in diameter, and inother 
places into areas less well delimited and 
about 14 microns in diameter. Re¬ 
sembles gelatin which has dried in a 
sheet and cracked into regular areas. 
Rods in cysts 5 microns long. Cysts 
sometimes occur together in large num¬ 
bers, covering an area to 0.5 mm. 

Source and habitat: Found by Jahn 
{loc. cit.) five times on rabbit dung in 
environs of Berlin. 

Illustrations; Jahn (1924, loc. cit.), 
PI. 2, Fig. 22. 

2. Sorangium sorediatum (Thaxter) 
Jahn. {Polyangium sorediatum Thaxter, 
Bot. Gaz., 37, 1904, 414; Jahn, Beitriige 
zur botanischen Protistologie. I. Die 
Polyangiden, Geb. Borntraeger, Leipzig, 
1924, 73.) 

Etymology: From Greek, soros, heap, 
probably through the botanical term 
soredium, one type of reproductive body 
in the lichen, and sorediate, with surface 

patches like soredia. 

Swarm stage (pseudoplasmodium): 
Rods 0.8 by 3 to 5 microns. Attempts to 

cultivate have failed. 

Fruiting body: Orange-red, irregularly 
lobed, consisting of a compact mass of 
small angular cysts. Average size of 
cysts 6 to 7 microns, smallest 3 microns. 


with thick and sharply defined edges. 
Rods 0.8 by 3 to 5 microns. The Krze- 
mieniewskis (1927, loc. cit., 96) have 
described a variety, Sorangium sore¬ 
diatum var. macroc(/5fum, consisting of 
cysts 6 to 14 by 7 to 16 microns, about 
twice as large as in the type. 

Source and habitat: Reported once by 
Thaxter {loc. cit.) on rabbit dung from 
South Carolina. Krzemieniewski (1927, 
loc. cit.) common in Polish soils. 

Illustrations: Thaxter {loc. cit.) PI- 
27, Figs. 22-24. Quehl, Cent. f. Bakt., 
II Abt., 16, 1906, 9, PI. 1. Fig. 2. Jahn, 
Kryptogamen-flora d. Mark Branden¬ 
burg, V, Pilze I, Lief. 2, 1911, 202, Fig- L 
Krzemieniewski, Acta Soc. Bot. Pol., 4i 
1926, PI. IV, Figs. 39-41. (1927, loc. 
cit.) PI. V, Fig. 17, var. macrocystum 

Fig. 18. 


3. Sorangium cellulosum ImSenecki 
d Sointzeva. (Microbiology, Moscow, 

1937, 7.) 

Etymology: Modern Latin cellulosum, 

llulose. . , 

Fruiting body: Mature fruiting 7 
sty brown, 400 to 500 microns Jo 

ameter, sessile on layer of ^ 

ied slime. No outer wall or limiting 
smbrane. Composed of numeroiw 
sts, irregular in shape, 1.6 to 
.crons in diameter, each conUining 
js than ten shortened rods, ^o 
rnable cyst wall or membrane. 
Spores: 0.3 by 1.5 to 2.0 microns (n 

her data). , , 

Vegetative cells: Flexible, rod-shaped 
Us with rounded ends,occurringsing Y< 

fiagella but motile by 
iwling motion; 0.4 to 0.6 by 2.2 


relative colony: No data, 
jrsiology: Good growth on ’ 

ose. Decompose up to 24 per 
ose in ten days, but does not fo^ 
ug bodies. Very poor 
nose with formation of many m 
orms including very much elonga 
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cells. Fail to grow on nutrient agar, 
washed agar, potato, carrot, milk. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes organic 
matter. 

4. Sorangium spumosum Krzemie- 
niewski and Krzemiencwska. (Acta Soc. 
Bot. Poloniae, 5, 1927, 97.) 

Etymology: Latin spumosus, frothy or 
foamy. 

Swarm stage (pseudoplasmodium): 
Rods 0.7 to 0.9 by 2.6 to 5.2 microns. 

Fruiting bodies: Consist of numerous 
cysts, spherical or oval, not surrounded 
by a common membrane, but united into 
bodies embedded in slime. Often in 
double or single rows. Cyst walls color¬ 
less, or slightly brownish, transparent, so 
that the characteristic arrangement of 
the rods may be seen within. Cysts 8 to 
26 by 7 to 20 microns. 

Source and habitat: Krzemieniewski 
(1927, loc. cil.) from Polish soil, isolated 
on rabbit dung. 

Illustrations: Krzemieniewski (1927, 
loc. cil.) PI. V, Fig. 19. 

6. Sorangiumseptatum (Thaxter) Jahn. 
{Polyangium septatum Thaxter, Bot, 
Gaz., 57, 1904 , 412; Jahn, Beitriige zur 
botanischen Protistologie. I. Die Poly- 
angiden, Geb. Borntraeger, Leipzig, 
1924,75.) 

Etymology: Latin saeptalust fenced, 
i.e., divided by walls. 

Swarm stage (pseudoplasmodium): 
Rods 0.8 to 1 by 3 to 5 microns. 

Fruiting bodies: Yellowish-orange. 
When dried, dark orange-red, 50 microns 
to more than 100 microns in diameter, 
cysts rounded or ovoid, angular or 
cylindrical, inner portion of the envelope 
divided into a variable number of 
secondary cysts. Cysts 18 to 22 by 12 
to 22 microns in diameter. Secondary 
cysts 10 to 12 microns. The Krzemie- 
niewskis (1927, loc. ciL, 96) recognize a 
variety, Sorangium aeptatum var. micro- 


cyslum, which has secondarj' cysts with 
dimensions 4 to 10 by 3 to 8 microns. 

Source and habitat; Collected twice 
(Thaxter, Bot. Gaz., 57, 1904, 412) on 
horse dung in Cambridge, Mass. Re¬ 
ported by Krzemieniewski (Acta Soc, 
Bot. Poloniae, 6 , 1927) as common in 
Polish soil. 

Illustrations : Thaxter {loc. cil.) PI. 27, 
Figs. 25-28. Jahn, Kryptogamen-flora d. 
Mark Brandenburg, V, Pilze I. Lief 2, 
1911, 202, Fig. 2. Krzemieniewski, Acta 
Soc. Bot. Pol., 4,1926, PI. 27, Figs. 27-38; 
ibid., 1927, PI. V, Fig. 15, var. mfero- 
cyslum, Fig. 10. 

6. Sorangium compositum (Thaxter) 
Jahn. (Polyangium compositum Thax¬ 
ter, Bot. Gaz., 57, 1904, 413; Jahn, 
Beitriige zur botanische Protistologie. I. 
Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 74; Polyangium sorediatum 
Quehl, Cent. f. Bakt., II Abt., W, 1900, 
17; not Polyangium sorediatum Thaxter, 
ibid.) 

Etymology: Latin compositus, com¬ 
pound. 

Swarm stage (pseudoplasmodium); Not 
described. 

Fruiting bodies: Dull yellowish-orange 
changing to dark red on drying. Round¬ 
ed, small, 0.5 to 1 mm, usually as a whole 
or even in larger clumps surrounded by a 
delicate and evanescent membrane. In 
large fruiting bodies the cysts are bound 
together in balls 70 to 90 microns in 
diameter by a delicate membrane. The 
balls readily fall apart. Secondary cysts 
are angular, 7 by 11 microns, surrounded 
by a delicate orange-red membrane, 
about 0.4 micron in thickness. Length 
of rods in the cysts 5 microns. 

Source and habitat: Thaxter (loc. cil.) 
rabbit dung, South Carolina. Jahn (1904, 
loc. cil.) found it four times on rabbit 
dung near Berlin, and twice on hare dung 
in Oberharg. Clommon in soils of Poland 
according to Krzemieniewski (1927, loc. 
cil.). 
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Illustrations; Thaxter {loc. cii.) PI. 27, 
Fi^s. 29-30. Jahn (1924, loc. cit.) PI. I, 
Fig. 6. Krzemicniewski, Acta Soc. Dot. 
Pol., 4, 1926. PI. Ill, Figs. 32-36; ibid., 
1927, 5. PI. IV, Figs. 7, 8, 9, 10, 11, 12; 
PI. V, Figs. 13,14; PI. VI, Fig. 36. 

7. Sorangiiun nigrum Krzemieniewski. 
(Bull. Int. PAcad. Pol. Sci. et Lettres, 
Classe Sci. Math, et Nat., S6r. B, 15, 
1937.) 

Etymology: Latin niger, black. 
Fruiting body: Primary cysts generally 
not formed; when observed, appeared as 
smoke-colored slime envelope surround¬ 
ing clumps of a few cysts. Secondary 
cysts usually arranged in rows within 
cellulose fibers, the material of the fiber 
forming a common sheath. Each indi¬ 
vidual cyst inclosed by a cyst wall, 
clearly differentiated from the tubular- 
shaped cellulose fibers. Cysts measure 
9 to 16 by 9 to 23 microns; average 10 by 
18 microns. Cyst wall moderately thick, 
colorless, transparent, becoming light 
brown with age, and finally black. 
Spores: No data. 

Vegetative cells: 1.1 to 1.3 by 2.5 to 

5.5 microns. . 

Vegetative colony: Voung colonies 

dead black in color. On filter paper a 
bright orange margin is noted, the vegeta¬ 
tive cells of which cover the cellulose 
fibers. On cotton cloth the margin is 
bright dirty-yellow, tinged with pink. 
Under low power magnification, center of 
the colony appears similar to matted 
fungal hyphae, due to characteristic 
compact accumulation of cysts and cel¬ 
lulose fibers. 

Physiology: Cellulose fibers become 
swollen by the action of this organism, 
and become gray-brown with a violet 
tinge. Fibers lose the properties of 
cellulose and give no characteristic 

reactions. 

Source: Isolated from soil. 


Habitat: Soil. Decomposes cellulose 
fibers. 

Illustrations: Krzemieniewski {loc. 

cit.) Plate IV, Figs. 22-26. 


8. Sorangium nigrescens Krzemie¬ 
niewski. (Bull. Int. I’Acad. Pol. Sci. 
et Lettres, Classe Sci. Math, et Nat.| 
S6r. B, 15, 1937.) 

Etymology: Latin nigrescens, becoming 
dark or black. 

Fruiting body: Primary cysts vary m 
size up to 200 microns in diameter, 
irregular in shape and inclosed in a 
colorless slime envelope. Formed by an 
accumulation of secondary cysts. Sec¬ 
ondary cystsat first colorless, transparen , 
later becoming brownish with a limiting 
membrane; the young cysts appear 
dirty-yellow, the older ones grayis 
brown to black. Color originates not 
only from the brownish cyst wall u 
from the gray mass of encysted ce 
Secondary cysts measure 5 to 12 bj 
15 microns; average 6 by 10 microns, 
filter paper not only well-formed prima 
cysts are formed, but also free secon ar 
cysts are noted embedded in the s im 

of the colony. 


>pores: No data. o k a 4 

Vegetative cells: 1.2 to 1.4 by 2.5 to C.4 

crons. Younger cells somewhat 

Vegetative colony; Mass of dark fimit 
; bodies develops at center o co o 
er paper; margin 

ose fibers covered w.tfi vegeta. 

Is on outside, and contain many cells 

Physiology: Destroys 

led six years with cellulose as carbon 


,u7ce; Isolated from sandy sod '■> 

. woods in Ciemianka (?)■ , ^ 

abitat: Soil. Decomposes cellulos 


^trations: Krzemieniewski ('<«• 

Plate HI, Figs. 17-21. 
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FAMILY IV. POLYANGIACEAE JAHN 

(Beitnige zur botan. Protistologie. I. Die Polyangiden. Geb. Borntraeger Leipzig 
1924.) 

Diagnosis: In the fruiting bodies the more or less shortened rods lie in rounded 
cysts of definite form. The well-defined wall is composed of hardened slime, and 
is yellow, red or brownish. The cysts may be united by a definitely visible slime 
membrane, the remnant of the vegetative slime, or they may be tightly appressed 
and cemented by the scarcely visible remnants of the slime, or they may develop 
singly or in numbers on a stalk. In the more highly developed forms the stalk branches 
and carries the cysts at the tips of the branches. 

Key to the genera of family Polyaogiaceae. 

I. Cysts rounded, not stalked, usually many (one in Polyangium simplex) lying 
loosely in a slime membrane or closely appressed. 

Genus I. Polyangium, p. 1025. 

II. Cysts not as in I. 

A. Cysts pointed at the apex, often completely concrescent, and united to large 

disks or spheres. 

Genus II. Synangiinn, p. 1032. 

B. Cysts free, single or many on a stalk. 

1. Cysts forming a disk, flattened dorsoventrally, like the cap of a Boletus, 

on a white stalk. 

Genus III. Meliitangium, p. 1033. 

2. Cysts not forming a disk. 

a. Cysts rounded or elongate, single on stalks. 

Genus IV. Podangium, p. 1034. 

aa. Cysts rounded or elongate or pointed, numerous on the ends of stalks 
which may be branched. 

Genus V. Chondromyces, p. 1036. 

Genus /. Polyangium Link. 

(Link, Mag. d. Ges. Naturforsch. Freunde zu Berlin, S, 1809,42; C'yslobacler Schroc- 
ter, in Ck)hn, Kryptogamenflora v. Schlesien, S, 1, 1886, 170; Myxobacier Thaxter, 
Bot. Gaz., 17, 1892, 394.) 

Etymology: Greek poly, many and angion, vessels, referring to the numerous cysts. 

Diagnosis: Cysts rounded or coiled, surrounded by a well-developed membrane, 
cither free or embedded in a second slimy layer. 

The type species is Polyangium vilellinum Link. 

Key to the species of genus Polyangium. 

I. Not parasitic on water plants (algae). 

A. Sorus not white or grayish in color. 

1. Cysts rounded to spherical. 

a. Ripe cysts yellow, reddish-yellow, orange or light red; not brown, 
b. Cysts several or numerous and small, 
e. Not closely appressed. 

d. Slime envelope transparent white or colorless. 

e. Usually 10 to 15 cysts. Rods in cysts, 3 microns long. 

Cysts 75 to 200 microns. 

1. Polyangium vilellinum. 
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ee. Cysts numerous. Rods 1.3 to 2.0 microns long. Cysts 
20 to 80 microns. 

2. Polyangium minus. 
dd. Slime envelope bright yellow. 

3. Polyangium luteum. 

cc. Closely appressed; often polygonal due to pressure, 
d. Bright yellow. 

4. Polyangium morula. 

dd. Orange. 

5. Polyangium cellulosum. 

bb. Cysts single, large. 

c. Large, 250 to 400 microns; reddish-yellow. 

6. Polyangium simplex. 

cc. Smaller, 30 to 60 by 50 to 130 microns; orange to light red. 

7. Polyangium ochraceum. 
aa. Ripe cysts reddish-brown to dark brown. 

b. Cysts lying free, covered by a more or less definite slime envelope, 
c. About 60 microns in diameter; slime envelope delicate and 
colorless. 

8. Polyangium fuscum. 

cc. About 35 microns in diameter; slime envelope yellow. 

9. Polyangium aureum. 

bb. Cysts rounded, in stellate arrangements on a slimy substrate. 

10. Polyangium stellatum. 

2. Cysts elongate, coiled, 
a. Cysts brownish-red. 

11. Polyangiumferrugineum. 

aa. Cysts bright orange-yellow. 

12. Polyangium indivhum. 

B. Sorus white or gray in color. 

1. Hyaline slime envelope white, foamy in appearance; cysts average 28 y 

34 microns. 13. Polyangium spumosum. 

2. Sorus flat, crust-like, smoke-gray in color due to slime envelope, cys 


average 36 by 44 microns. 

14. Polyangium fumosum. 


II. Aquatic, parasitic on Cladophora. 

15. Polyangium parasiticum. 


1. Polyangium vitellinum Link. 
(Link, Mag. d. Ges. Naturforschender 
Kreunde zu Berlin, S, 1809, 42; Myxo~ 
bacler aureus Thaxter, Bot. Gaz., 17, 
1892, 403.) 

Etymology: Modern Latin intellusj 
like an egg yolk. 

Swarm stage (pseudoplasmodium): 
When rising to form cysts, milky white. 
Rods large, cylindrical, rounded at either 
end, 0.7 to 0.9 by 4 to 7 microns. 

Fruiting body: Cysts golden yellow, 
usually relatively spherical, 75 to 150 


microns, occasionally 200 microns > 
diameter, almost always surroun e 
by a white slimy envelope, about 10 
15 cysts in a mass. Rods in the cys 
about 3 microns in length. 

Source and habitat: Thaxter (fee. ci 

on very wet wood and bark in swam 
Maine, Belmont. Jahn (1924, 
states it is not common; on old » 
lying in moist ditches, also on old 
bark w'hich was kept moist in a dis , 
found twice on rabbit dung. 

Illustrations: Thaxter (loe. 
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25, Figs. 34-36. Zukal, Ber. d. dciitscli. 
Bot. Ges., 15, 1897 , 542, PI. 27, Figs. 
6-10. Jahn, Kryptogamenflora d. Mark 
Brandenburg, V, Pilzc I, Lief. 2, 1911, 
199, Fig. 3. Jahn, Beitriige zur botan- 
ischen Protistologie. I. Die Polyangiden. 
Geb. Borntraeger, Leipzig, 1924, 77, and 
PL II, Fig. 13. 

2. Polyangium minus Krzemieniewski. 
(Acta Soc. Bot. Poloniae, 1926, 33.) 

Etymology: Latin minor, less or small. 

Swarm stage (pseudoplasmodium): 
Vegetative rods 0.4 to 0.6 by 3 to 7 
microns. 

Fruiting bodies: Cyst masses com¬ 
monly cover the substrate to an area of 
0.5 sq. mm. Cysts are spherical or 
oval, small, 20 to 80 by 20 to 50 microns, 
light rose in color, becoming brownish, 
embedded in a transparent colorless 
slime. Cyst membrane light colored, 
relatively thick, 0.5 to 1.0 micron, trans¬ 
parent, revealing the contents. Rods in 
cyst 0.8 to 1.0 by 1.3 to 2.0 microns. 

Source and habitat: On rabbit dung 
sterilized and placed on soil (Poland). 
Rather rare. Relatively slow in appear¬ 
ance, only after many days. 

Illustrations: Krzemieniewski {loc. 
cit.) PI. IV, Fig. 47-48; PI. V, Fig. 49. 

3. Polyangiumluteum Krzemieniewski. 
(Acta Soc. Bot. Poloniae, J, 1927, 98.) 

Etymology: Latin luieus, saffron- or 
golden-yellow. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: Golden yellow, con¬ 
sisting of a few cysts surrounded by a 
common bright yellow very thick slime 
wall. The cysts have colorless thin 
walls. Rods 0.7 to 0.8 by 3.8 to 6.8 
microns. 

Source and habitat: Isolated from soil 
on rabbit dung by Krzemieniewski 
(1927). 


Illustration: Krzemieniewski {loc. cit.) 
PI. V, Fig. 22, 23. 

4. Polyangium morula Jahn. (Krypto- 
gamenllora dcr Mark Brandenburg., V, 
Pilze I, 1911, 202.) 

Etymology: Modern Latin from Greek 
mora, mulberry. A diminutive referring 
to shape of cysts. 

Swarm stage (pseudoplasmodium) :Not 
described. 

Fruiting bodies: Cysts bright yellow, 
closely packed into a mulberry-shaped 
sorus; cysts with thick membrane (3 
microns), often made polygonal by 
pressure, 20 to 35 microns, bound together 
by slime. The whole sorus is 100 to 200 
microns broad. Rods in cysts about 3 
microns in length. Jahn states he has 
not studied fresh cysts. In the older 
cysts the rods are difficult to observe. 

Source and habitat: Observed once 
only by Jahn (loc. cit.) on rabbit dung. 

Illustration: Jahn (1924, loc. cit.) 
PL 2, Fig. 21. 

5. Polyangium cellulosxim ImScnecki 
and Solntzeva.* (On aerobic cellulose- 
decomposing bacteria. AkademiiaNauk, 
Leningrad, Isvestiia, 1936, 1115; English 
summary, 1168.) 

Etymology: Modern Latin cellulosum, 
cellulose. 

Fruiting body: Rods at center of the 
colony non-motile, forming large orange 
aggregates. Shorter than those at mar¬ 
gin : 0.7 to 0.9 by 3.4 to 5.6 microns. 
Later a concentration of cells occurs. 
Rods come closer together, form rounded 
or oval aggregates from which cysts 
become delimited. Cysts orange in 
color, 8 to 24 microns, average 20 to 25 
microns. In addition to bacterial cells 
droplets of fat, 1.5 to 3.5 microns, are 
sometimes seen within the cyst. When 
treated with HtS 04 , cysts are easily 
broken up under the cover glass. Fruit¬ 
ing bodies are composed of clumps of 
cysts. Fruiting bodies oval or pear- 


• Translated from the original by E. V. Prostov, Iowa State College Library, Ames, 
Iowa. 
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shaped, 40 to 55 by 110 to 160 microns, 
reddish-brown. Covered with a slime 
membrane (flakes of dried slime). Each 
composed of 12 to 40 cysts which become 
polygonal from pressure. No cystophore, 
except those formed from slimy threads 
which have a stratified structure. Cysts 
sometimes arranged in chains. 

Spores; 0.7 to 0.8 by 2.2 to 3.5 microns. 

Vegetative cells: Thick, bent rods, 
with rounded ends, 0.8 to 1.2 by 3.5 to 
8.5 microns. Motile, no flagella. Young 
rods have 1 chromatin granule, older 
have 2. Found in cellulose fibers at the 
margin of the colony. Fibers solidly 
stuffed near the margin. At the pcriph» 
ery individual cells may be seen. 

Vegetative colony: Cysts germinate on 
filter paper producing vegetative colonies. 
Colonies large, orange, moist, increasing 
in size. The older colonies have orange 
margins while the center is dark brown, 
corresponding to the color of the fruiting 
bodies. Often show several concentric 
rings. 

Physiology: Rods cover cellulose fibers, 
partially or completely destroying them. 
Paper becomes transparent. 

Optimum temperature 18° to 22°C. At 
30° growth very slow. 

Grows only on wet cellulose; not in 
ordinary media. No growth in a hanging 
drop of broth. 

Aerobic. 

Source and habitat: Soil. 

Illustrations: Imsenecki and Solntzeva 
{loc. cii.) Table II, 2; figures 1 to 5. 

5a. Polyangium cellulosun var. /erru- 
gineum Mishustin. (Microbiology, Mos¬ 
cow, 7, 1938, 427.) 

Etymology: Latin ferrugineus, of the 
colorof iron-rust. 

Fruiting body: Composed of numerous 
cysts having definite wall. Mass of rods 
has a yellowish tinge, and the cysts are 
colored reddish-yellow. Color probably 
confined to the cyst walls. Cysts round 
or egg-shaped, or may be angular due to 
pressure. Each cyst contains numerous 
shortened rods. Cysts usually 12 to 40 


microns in diameter. Numerous cysts 
grouped into fruiting bodies having bright 
red or drabbish red color when ripe. 
Form of fruiting body variable: most 
commonly rounded, ellipsoidal or biscuit¬ 
shaped, sometimes sausage-shaped. 
Cysts confined by an orange-colored slime 
membrane or envelope. No cystophore 
present. Fruiting bodies not easily 
broken up. Vary in size from 80 to 240 

microns. 

Spores: No data. 

Vegetative cells: Long, fle.xible, non- 
flagellate cells, motile by crawling, 0.8 to 
1.2 by 3.0 to 5.0 microns. Become 
shortened and highly refractile during 

fruiting body formation. 

Vegetative colony: On silica gel with 
cellulose at first pale pink. After si.x 
days fruiting bodies of red color appear, 
together with free cysts and many non- 
encyated shortened rods. Fruiting 
bodies numerous at center of colony, 
and later form in concentric rings aroun 
center. Margin of colony composed o 
vegetative cells; periphery pink, 
ture colonies 2 to 5 cm in diameter, brig 
red, becoming drabbish red; pigmenta 
tion appears to be confined to limite 
areas. Surface dull, moist. Margin no 

definite. f 

Physiology: Cellulose at center 
colony completely destroyed; not entirely 
broken down under remainder of colony. 

The author considers this a co 
variant of Polyangium cellulosum m- 

senecki and Solntzeva. , 

Source; Isolated from the black soils 

Eastern European Russia. 

Habitat : Digests organic matter in 


►. Polyangium cellulosum var. fmeu 
tiustin. (Microbiology, Moscow, . 

»427.) 

tymology: Latin fuscus, 

rthy, dusky, tawny. ^ -Hnal 
ruiting body: Composed of j 

s, each with separate 
, together by a common sbme 

.e or envelope. Shortened rod 

)ed spores inclosed within 



FAMILY POLYANGIACEAE 


1029 


walls. Cysts forming outside the large 
masses usually rounded; those within 
often polygonal or angular. Cysts 5 to 
24 microns long, oval or egg-shaped. 
Encysted cells give cysts granular ap¬ 
pearance. Ripe cysts brown to light 
brown in color; immature, yellow to 
pink. Fruiting bodies pinkish-yellow 
when young, becoming brown when 
ripened. Considerable variation in form: 
round, oval or sausage-shaped, and from 
50 to 80 microns up to several hundred 
microns. Outer slime envelope often 
indistinct; no dried slime noticeable 
between the cysts. 

Spores: No data. 

Vegetative cells: Identical with those 
of Polyangium cellulosum var. ferru- 
gineum. 

Vegetative colony: A faint yellow cast 
on cellulose-silica gel after 2 to 3 days. 
Becomes yellow-orange to yellow-pink 
after 6 to 8 days, while center is brownish- 
gray. Margin pinkish to yellow-pink. 
Surface dull, moist. As fruiting bodies 
ripen, colony becomes darker, finally dark 
brown. Reaches diameter of 2 to 5 cm. 
Fruiting bodies often arranged in form of 
pigmented, closely set, concentric rings. 
Margin of colony not clearly defined. 
Usually regularly rounded or oval. 
Cellulose completely destroyed only at 
center of colony. 

Source: Common in black soils of 
Sumy Experiment Station. Found only 
once in podzol soils. 

Habitat: Digests organic matter in soil. 

5c. Polyangium cellulosum wav. julvum 
Mishustin. (Microbiology, Moscow, 7, 
1938, 427.) 

Etymology: Latin fulvus, reddish- 
yellow, gold-colored. 

Fruiting body: Rose or pink in color, 
composed of numerous cysts. Young 
cysts yellow to yellow-orange, becoming 
pink, rose or red, or pinkish-yellow. 
Cystaeame shape as others of thespecies; 
6 to 24 microns in diameter, average 10 
to 12 microns; contain many short rods. 
Fruiting bodies vary in shape, often 


elongated,flagella (?)-shaped (columnar?), 
up to 20 to 25 by 350 to 450 microns. 
Also globular, mace-shaped, etc. 
Usually 25 to 40 by 50 to 80 microns. 
Cysts inclosed by outer common envelope 
or slime membrane. Easily broken up 
mechanically. 

Spores: No data. 

Vegetative cells: 0.8 to 1.2 by 3.5 to 6.0 
microns. 

Vegetative colony: On cellulose-silica 
gel form a hardly visible white (colorless 
?) colony at 2 days. After 6 days be¬ 
comes pink in color. Fruiting bodies 
first form near center. After 9 to 10 
days central area reddish-pink while 
periphery has yellowish cast. Mature 
colony 2.5 to 7.5 cm in diameter, pink- 
orange color, fairly regularly round or 
oval in shape. Pigmented concentric 
rings of fruiting bodies. 

Physiology: Cellulose entirely de¬ 
stroyed at center of colony and often at 
other points. 

Source: Podzol soils of Timiriazev 
Agricultural Academy. Seldom in black 
soils of Sumy E.vperiinent Station. 

Habitat: Digests organic matter in 
soils. 

5d. Polyangium cellulosum var. luteum 
Mishustin. (Microbiology Moscow, 7, 
1938,427.) 

Etymology: Latin luteus, saffron-yel¬ 
low, orange-yellow. 

Fruiting body: Poorly organized ag¬ 
glomerations of colorless to yellow cysts 
inclosing sporulated cells. Cysts regu¬ 
larly egg-shaped to oval, 8 to 20 microns 
in diameter; predominantly 6 to 10 
microns. Matured cysts loosely con¬ 
nected into rounded or elongate masses 
40 to 80 by 100 to 150 microns. Ripe 
fruiting bodies easily pulled apart. 

Spores: No data. 

Vegetative cells: Similar to others of 
the species. 

Vegetative colony: On cellulose colo¬ 
nies regularly rounded or oval, surface 
has moist appearance. Yellowish cast 
2nd or 3rd day, becoming deeper yellow. 
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Ochre yellow formations resembling 
fruiting bodies by 5 to 6 daj's. Many 
free cysts at center of colony. Later 
colony becomes pale dirty-yellow, while 
periphery remains bright yellow. Some¬ 
times one or two brightly pigmented 
rings consisting of agglomerations of 
fruiting bodies arc found in older colonies. 
Mature colonies 1.5 to 3.0 cm in diameter. 

Physiology: Filter paper completely 
destroyed at center of colony. De¬ 
veloped better below pH 7 (around pH 6) 
than others of the species. 

Source: Isolated from soils of the 
Timiriazev .\gricultural Academy. 
Common in podzol soils. 

Habitat: Digests organic matter in soil. 

6. Polyangium simplex Thaxter. 
{Myxobaclcr simplex Thaxter, Bot. Gaz., 
18, 1893, 29; Thaxter, Bot. Gaz., 37, 
1904 , 414.) 

Etymology: Latin simplex, simple, i.c., 
not compound. 

Swarm stage (pseudoplasmodium): 
Rods, large, cylindrical, rounded at 
either end, 0.7 to 0.9 by 4 to 7 microns. 

Fruiting bodies: Cysts single, very 
large, 250 to 400 microns, bright reddish 
yellow, irregularly rounded. Rods flesh 
colored in mass. Upon pressure ad¬ 
hering together in sheaves. 

Source and habitat: Found by Thaxter 
{loc. cit.) in U. S. A. on very wet wood 
and bark in swamps. 

7. Polyangium ochraceum Krzemicn- 
iewski. (Acta Soc. Bot. Poloniae, 4, 
1926, 34.) 

Etymology: Modern Latin from Greek 
ochra, yellow ochre, hence ochraceous. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: The orange to light 
red fruiting body in form of a single 
spherical or oval cyst 60 to SO by 50 to 130 
microns, each with a thick yellow-brown 
membrane. The cyst content often 
(particularly in the oval cysts) is con¬ 
stricted by the membrane which pene¬ 


trates deeply. From the side the cyst 
appears to be divided. Rods in cysts 
0.5 by 4 to 8 microns. 

Source and habitat: From sterilized 
rabbit dung on soil (Poland). 

Illustrations: Krzemieniewski (loc. 
cit.) PI. V, Fig. 50, 51. 

8. Polyangium fuscum (Schroeter) 
Thaxter; (Cystobacter fuscus Schroeter, 
in Cohn, Kryptogamenflora v. Schlesien, 
3, 1, 1886, 170; Thaxter, Bot. Gaz., 37, 
1904, 414.) 

Etymology: Latin fuscus, fuscus, 
brown. 

Swarm stage (pseudoplasmodium): 

Rods slender, elongate, 0.6 by 5 to 12 
microns. Grows readily on agar, also on 
dung agar. Baur states rods are 15 to 20 
microns in length and move about 2 to 3 
microns per minute in hanging drop, on 

agar 5 to 10 microns per minute. 

Fruiting bodies: Cysts flesh-colored 
when young, chestnut brown when ripe» 
spherical, about GO microns (Thaxter, 50 
to 150 by 50 to 70 microns) in diameter, 
with definite membrane, lying in con¬ 
siderable numbers in large sori, usually 
30 to 40 sometimes up to 100. The slime 
envelope is much more delicate an 
evanescent than in P. vitellinum. Oc 
casionally a form is found with cysts 
measuring 100 microns: under these often 
lie kidney shaped cysts even 150 microns 
in length; apparently, a variety. Ro s 
in C 3 'st 3 about 0.8 to 1.5 by 3 to 
microns. Cysts (Baur) on dung decoc 
tion break in 10-12 hours, and rods pour 
out, apparently passively at first- 

P. fuscum var. reiafum Krzemieniews 

differs from the type in that the mem¬ 
brane is thin, separated from cysts, 

folded. 

Source and habitat: Thaxter ( 

Gaz., SS, 1897), on rabbit dung fro 
southern California. Kofler (Sitzber d. 
Kais. Akad. Wiss. Wien. Math.-Na • 
Klasse.. 122 Abt., 1913. 845) on ^bbit 

dung, Vienna. Jahn (Die Polyangiden, 
Geb. Bomtraeg., 1924), common on dung, 
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also ocrurs on decaying lichens and on 
poplar bark kept moist. Quite common 
in Polish soils according to Krzemien- 
iewski (1927, loc. cit.). 

Illustrations: Thaxter (1897, loc. cit.), 
PI. 31, Figs. 37-39. Baur, Arch. Protis- 
tenkunde, 6, 1905, PI. 4, Figs. 14, 15, and 
17. Quehl, Cent. f. Bakt., II Abt., 16, 
1906, PI. 1, Figs. 8 and 16. Jahn, Bei- 
tnige zur botanischen Protistologie. I. 
Die Polyangiden, Geb. Borntraeger. Leip¬ 
zig, 1924, PI. 2, Fig. 12. .\lso Fig. A, 
p. 9. Krzemienicwski, Acta Soc. Bot. 
Poloniae, 4, 1926, 34, PI. IV, Figs. 42-43, 
also var. vclalum Plate IV, Figs. 44-46. 

9. Polyangiumaureum Krzemienicwski. 
(ActaSoc. Bot. Pol., 7,1930,255.) 

Etymology: Latin, aureus, golden. 

Separated from Polyangium viorula 
on basis of pigmentation. 

Fruiting body: Cysts reddish-brown, 
variable in number, embedded in yellow 
slime to form a sorus with a common 
slime envelope. Cysts nearly spherical 
or slightly elongate, averaging 32 by 37 
microns. Cyst wall orange-yellow, about 
3.0 microns thick. Older cysts contain 
shortened rods, a granular mass, and a 
colorless or yellowish oleaginous liquid. 

Spores: Rod-shaped. 

Vegetative cells: Straight rods, of 
uniform diameter, with rounded ends, 
0.7 to 0.9 by 2.8 to 5.3 microns. 

Habitat: Soil. 

Illustrations: Krzemieniewski {loc. 
cit.) Plate XVII, Figs. 14-17. 

10. Polyangiiun stellatum Kofler. 
(Sitzber. d. kais. Akad. Wiss. Wien, 
Math.-Nat. Klasso, 122 Abt., 1913,19.) 

Etymology: Latin slellatus, stellate. 

Swarm stage (pseudoplasmodium) :Not 
described. 

Fruiting bodies: Cysts elongate, 80 to 
120 microns broad, 160 to 200 microns 
long, flesh-colored when young, brownish- 
red when old, star-shaped with 2 to 9 rays 
fixed by the narrowed base upon a kind of 
hypothallus. 


Source and habitat: Found by Kofler 
(1913, loc. cit.) on hare dung at Vienna. 

Illustrations: Kofler (1913, loc. cit.) 
PL?, Fig. 6. 

11. Polyangium ferrugineum Krzemie¬ 
niewski. (.\cta Soc. Bot. Poloniae, C, 
1927, 97.) 

Etymology: Latin ferrugineus, dark 
red, like iron rust. 

Swarm stage (pseudophismodium) :Not 
described. 

Fruiting bodies: Irregular, branched 
and occasionally constricted coils. 
Branches of same diameter as the main 
tube. C 3 'st wall is brown-red. In the 
interior no difTerentiation is visible. 
Rods in cysts are relatively short and 
thick, 0.8 to 1.1 microns by 2 to 2.5 mi¬ 
crons, not definitely arranged. Close to 
/lrc/janj 7 ium gephyra, but with cyst walls. 

Source and habitat: Krzemienicwski 
(loc. Cl/.) from soil in Poland and on 
rabbit dung. 

Illustrations: Krzemienicwski (loc. cit.) 
PL V, Fig. 21. 

12. Polyangium Indlvlsum Krzemien- 
iewski. (.\cta Soc. Bot. Poloniae, 5, 
1927,97.) 

Etymology: Latin intimus, undivided. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: Similar to Poly¬ 
angium ferrugineum, but much smaller 
and bright orange-yellow. Enclosed in 
a similarly colored slime membrane. 
Interior of .coils undilTcrentiated. Cyst 
rods 0.8 to 1.0 by 3 to 6 microns, straight, 
and rounded on ends. Arranged per¬ 
pendicularly to the wall, giving a netted 
appearance resembling Melillangium, 

Source and habitat: From soils in 
Poland, Krzemienicwski (1927, loc, cit.), 

13. Polyangium spumosum ICrzemie-i- 
iewski. (Acta Soc. Bot. Pol., 7, 1930, 
254.) 

Etymology: Latin spumosus, foaming, 
full of foam. 
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Fruiting body; Colorless sori embedded 
in hyaline slime forming a common en¬ 
velope around the cysts. Surface white, 
foamy in appearance; cysts in irregularly 
rounded accumulations, 100 to 150 microns 
in diameter. Cysts usually spherical, 
sometimes elongate; 18 to 38 by 20 to 50 
microns; average 28 by 34 microns. 
Cyst membrane colorless. Cysts con¬ 
tain bundles of shortened cells, a granu¬ 
lar colorless mass, and a clear oleaginous 
fluid. 

Spores: Shortened rods. 

Vegetative cells: Straight rods, uni¬ 
formly thick, with rounded ends; 0.6 to 
0.8 by 3.9 to 6.8 microns. 

Habitat: Soil. 

Illustrations: Krzemieniewski {loc. 
cit.) Plates XVI-XVII, Figs. 10-13. 

14. Polyangium fumosum Krzemien- 
iewski. (Acta Soc. Bol. Pol., 7, 1930, 
253.) 

Etymology: Latin funwsuSy smoky. 

Fruiting body: A flat, crust-like layer 
of 2 to 20 (or more) cysts arranged to form 
a sorus. Sori rounded, up to 90 microns 
in diameter, or irregularly shaped; often 
elongate up to 400 microns long. Smoky- 
gray color due to surrounding slime walls. 
Outer profile of sheath (or cortex) ir¬ 
regular. Cyst wall 2.4 to 3.5 microns 
thick; cysts often nearly spherical, 13 
to 48 microns in diameter, though fre¬ 
quently elongate. Average 36 by 44 


microns. Colorless, single, inclosed in 
a transparent membrane. 

Spores: No data. 

Vegetative cells: Long, straight, cy¬ 
lindrical with rounded ends; 0.7 to 0.9 
by 2.7 to 5.7 microns. Encysted cells 
similar. 

Habitat: Soil. 

Illustrations; Krzemieniewski {loc. 
cit.) Plate XVI, Figs. 6-9. 

15. Polyangium parasiticum Geitler. 
(.\rch. f. Protistenkunde, 50, 1924, 67.) 

Etymology: Latin parasiticus, para¬ 
sitic. 

Swarm stage (pseudoplasmodium): In 

water, on surface of the alga Cladophora. 
Pseudoplasmodia small. Rods long, cy- 
lindric, rounded at end and 0.7 by 4 to 
microns. At first saprophytic, later 
entering and destroying the Cladophora 

Fruiting bodies: Sometimes single, 
usually 2 to 8 microscopically small, 
united in irregular masses, spherical or 
somewhat elongated. From 15 to 50 
microns, usually 25 to 40 microns, "A 

hyaline slime. When mature, red-brown 

in color, with firm wall. 

Source and habitat: Found on Cla^- 
phora {fracta?) in pool at Vienna (Geitler, 

1924). . 

Illustrations: Geitler (1924, loc. ct. 

Figs. 1-10. 


Genus II. Synangium Jakn. 

(Jahn, Beitrage zur botan. Protistologie. I. Die P^yangiden, 

Leipzig, 1924, 79; Apelmocoena Enderlein, Baktenen-Cyclogenie, Be 
Etymology : Greek syn, together and angion, vessel, referring to 

Diagnosis : Cysts provided with an apical point, united more or less comp 
to rosette-shaped, hemispherical or spherical fruiting bodies. 

The type species is Synangium sessile (Thaxter) Jahn. 

Key to the species of genus Synangium. 

I Cysts irregular, pointed, united as a rosette on a slimy base, without a s 

1. Synangium sessile. 

II. The fused cysts on a simple or branched st^k. hair, reddish- 

A. Cyst group spherical, with the points of the cysts cove 

^ 2. 5ynanp»um lanugtnosum. 
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B. Cyst group an oblate spheroid, yellow. Points of cysts less luiinerous. 

3. Synangium thaxteri. 


1. Synangium sessile (Thaxter) Jahn. 
{Chondromtjces sessilis Thaxter, Bot. 
Gaz., 57, 1904 , 411; Jahn, Beitriige zur 
botanischen Protistologie. I. Die Poly- 
angiden, Geb. Borntraeger, Leipzig, 
1924, 79.) 

Etymology; Latin sessilis, sessile, not 
stalked. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting body: Cysts form on the base 
a clump or rosette without trace of stalk. 
Diameter of rosettes 100 to 250 microns. 
Individually the cysts are quite variable 
in form, irregularly spindle-shaped, usu¬ 
ally short-pointed, wrinkled surface 
toward the tip. At the base they fuse or 
unite to irregular masses. Cysts 18 to 
55 by 25 to 75 microns, average 40 by 50 
microns. 

Source and habitat: Thaxter {loc. cit.) 
found this on decaying wood in Florida. 

Illustration: Thaxter {loc. cit.) PI. 27, 
Figs. 14-15. 

2. Synangium lanuginosum (Kofler) 
Jahn. {Chondromyceslanuginosus Kofler, 
Sitzber. d. Kais. Akad. Wiss. Wien. 
Math.-Nat. IGasse, 122 Abt., 1913, 861; 
Jahn, Beitrage zur botanischen Protis¬ 
tologie. I. Polyangiden, Geb. Born¬ 
traeger, Leipzig, 1924,79.) 

Etymology: Latin lanuginosus, woolly. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting body: Cyst cluster, consisting 
of united cysts, spherical or oval, 80 to 
200 microns in diameter, when dry, dark 
flesh-colored, covered with hairs 15 to 50 
microns long, originating from the indi¬ 
vidual cysts and giving the cyst cluster 
the appearance of a hairy ball. Skin of 


the cysts not definite. Hods within the 
cysts 3 to 6 microns. The cyst clusters 
are terminal on more or loss forked stalks, 
about 1 mm high. 

Source and habitat: Kofler {loc. cit.) 
found this on rabbit dung at Vienna. 

Illustrations: Kofler {loc. cit.) PI. 1, 
Figs. 1-3. 

3. Synangium thaxteri (Faull) Jahn. 
{Chondrvmyces thaxteri Faull, Bot. Gaz., 
62, 1916, 226; Jahn, Beitnige zur bofan- 
ischen Protistologie, I. Die Polyangiden. 
Geb. Borntraeger, Leipzig, 1924, 79.) 
Regarded as a synonym of Synangium 
lanuginosum by Krzemieniewski, Acta 
Soc. Bot. Poloniae, 4.1926,39. 

Etymology: Named for Dr. Roland 
Thaxter, American botanist. 

Swarm stage (pseudoplasmodium): 
Cultured for 2 years on dung, best in 
mixed cultures. Rods 0.5 by 3 to 6 
microns. 

Fruiting body: Fruit cluster flattened, 
spherical, yellow to flesh color or red¬ 
dish-orange, with a stalk which varys in 
length, about 140 microns in diameter. 
The bristles corresponding to the single 
cysts are 15 to 30 microns long, at the 
base 10 to 12 microns wide. Sometimes 
cyst single, usually 3 to 4, occasionally 
20 to 30. Rods 0.5 by 3 to 6 microns. 
Stalk maximum length 0.75 mm, usually 
350 microns, single or branched. Broad 
based, narrowing to apex and yellow in 
color. In germination rods move from 
basal scar of membrane, leaving the 
empty sack behind. 

Source and habitat: On deer dung in 
Ontario, Canada (Faull). 

Illustrations: Faull {loc. cit.) PI. 5 
and 6. Jahn {loc. cit.) Fig. X, p, 80. 


Genus IIL Melittangium Jahn. 

(Jahn, Beitrage zur botan. Protistologie. I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 78.) 

Etjrmology; Greek meliila, bee and angion, vessel, because of the honey-comb 
pattern of the membrane. 
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Diagnosis: Cysts brownish orange-red, on short white stalk, like a mushroom, 
lias appearance of a whitc-stalkcd Boletus. The rods inside stand at right angles to 
the membrane. UiX)n germination the covering membrane is left colorless and with 
an appearance of honey-comb. 

The type species is Melittangium boletus Jahn. 


1 . Melittangium boletus Jahn. (Bei- 
triige zur botani.'Chcn Protistologie. I. 
Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 78.) 

Etymology: Latin boletus, a kind of 
mushroom. 

Swarm stage (pseudi plasmodium): Ko 
description. 

Fruiting bodic.s: Cyst stalked, mush- 
room-likc, white when immature, then 
ycllowish-{lcsh colored, finally yellowish- 
brown to nut brown, when dried more 
reddish-brown. Larger diameter of cyst 
about 100 microns, height40 toSOmicrons, 
length of white stalk about 40 microns, 
length of rods in the cyst 3 to 4 microns 


by 0.5 microns. Sometimes the cyst is 
smaller and spherical (50 to 60 microns 
diameter), sometimes there is fusion of 
neighboring cysts, occasionally the stalk 

is abortive. 

Source and habitat: Jahn (foe. cil.) 
found this not uncommon on rabbit and 
deer dung in the vicinity of Berlin, also 
on deer dung from Denmark. Krzemien- 
iewski (1927, loc. cit.) reported it as 

common in Polish soils. 

Illustrations: Jahn {loc. cit.), ' 
Fig. 17 and IS. Also Fig B, p. H. C-ti 
p. 23, 0-Q, p. 43, T-U,p. 55. Krzemj^en- 

iewski, Acta Soc. Bot. Poloniae, 

1 . PL V. Fig. 55-56. 


Genus IV. Podangium Ja/in. 

{Cystobacter Schroetcr, in Cohn, Kryptogamenflora v. Schlesien, 3, L " 

Jahn, Beitrage zur botan. Protistologie. I. Die Polyangiden. ® 243,1 

Leipzig, 1924, 80; Monocystia Enderlein, Baktcrien-Cyclogenie, Berlin, 

Etymology: Greek pws, podis, foot and angion, vessel. definite 

Diagnosis: Cysts chestnut-brown or red-brown, single on a more or le 

white stalk. 

The type species is Podangium ereclurn (Schroeter) Jahn. 

Key to the species of genus Podangium. 

I. stalk scarcely definite, cysts short, appressed, if elongate then 

the white stem into the club-shaped cyst. Ripe cysts chestnut-bronn. 

1. Podangium erectuifi. 

II. Stalk well differentiated. * 11 , 

A. Cysts spherical, often irregular, conrtuent, the white stalk sho - 

2. Podangium lickenicolum^ . ^ 

B. Cysts lengthened ellipsoidal, red-brown, definitely differentiate ro 

white, slender stalks. 

3. Podangium gractltp^s. 

zur botanischen Protistologie. ^ 

Polyangiden, Geb. Borntraeger, Leipzig^ 

1924. 80.) . 

Etyinologj': Latin erectus, erect. 

right. 


1. Podangium erectuin (Schroeter) 
Jahn. {Cijstobacter erectus Schroeter, in 
Cohn, Krytogamenflora v. Schlesien, 3, 
1, 1886, 170; Chondromyces erectus Thax- 

ter,Bot.Gaz.,3S,1897,407;Jahn,Beitrage 
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Swarm stage (pseudoplasmodium): 
Kofler states rods are 2 to 5 microns in 
length. 

Fruiting bodies: Cysts usually short, 
almost spherical, compact, rounded above, 
orange-red changing to chestnut-brown, 
single on a white to yellow hypothallus 
constituted from the slime remaining 
behind. A definite “foot” of whitisli 
slime is seldom observed. Fifty to 
hundreds together. Usually about 80 
microns high and 40 to 50 microns broad 
above, smaller below, often spherical 
cysts 60 microns in diameter. Hods in 
cysts 0.6 by 4 microns. 

Jahn believes the European form to be 
distinct from that described by Thaxter. 
Thaxter’s form produces cystophorcs 60 
to 300 microns long which wither at 
maturity so that cysts appear sessile. 

Source and habitat: Thaxter {loc.cil.), 
horse dung in laboratory cultures, Massa¬ 
chusetts. Kofler (Sitzber. d. Kais. Akad. 
Wiss. Wien. Math.-Nat. Klusse, 122 Abt., 
1913), mouse dung. Jahn (1924) common 
on manure of different kinds, also on bark 
covered with lichens. Krzemieniewski 
(Acta Soc. Bot. Pol., 5, 1927, 102) re¬ 
ported this species from Polish soil, 
but rare. 

Illustrations: Tha.xter {loc. cii.) PI. 
31, Figs. 16-19. Quehl, Cent. f. Bakt., 
II Abt., le, 1906, PI. 1, Figs. 4. Jahn 
(loc. cit.) PI. I, Figs. 7, 8, and 9. Krze¬ 
mieniewski, Acta Soc. Bot. Poloniae, 4, 
1926, 1, PI. V, Figs. 52-53. 

2. Podanglum Uchenicolum (Thaxter) 
Jahn. iphondromyces lichenicolus Thax¬ 
ter, Bot. Gaz., 17, 1892, 402; Jahn, 
Beitrage zur botanischen Protistologie. 
I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 81.) 

Etymology: Greek lichen, tree moss, 
lichen. Latin -colus, dwelling. 

Swarm stage: Reddish, rods cylin¬ 
drical, tapering slightly, 0.6 by 6 to 7 


microns. Germinate readily after dry¬ 
ing for 18 months when sown on moi.st 
lichens. 

Fruiting bodies: Cysts single, rounded 
or irregularly lobed, often confluent. 
Cystophore short, squarish, often lacking 
or misshapen. Cysts 28 to 35 microns, 
stem 7 to 8 by 10 microns. 

Source and habitat: Thaxter (1892), 
parasitic upon living lichens, which it 
destroys, New Haven, Conn. Thax¬ 
ter (1004, loc. cit.), lichens, Indiana, on 
algae, seen on wet boards, in mill race, 
Massachusetts. 

Illustrations: Thaxter (1892, loc. cit.) 
PI. 23, Figs. 20 to 23. Quehl, Cent. f. 
Bakt., II Abt., 16, 1006, 9, PI. 1, Fig. 6. 

3. Podanglum gracillpes (Thaxter) 
Jahn. {Chondromyces gracilipcs Thax¬ 
ter, Bot. Gaz., 23, 1897, 400; Jahn, Bei- 
tritge zur botanischen Protistologie. I. 
Die Polyangiden, Gob. Borntraeger, Leip¬ 
zig. 1924,82.) 

Etymology: Latin gracilipcs, slender 
footed. 

Swarm stage: Rods 5 to 7 microns. 

Fruiting bodies: Cysts bright orange- 
red, or red, 25 by 35 microns, elongate, 
rounded, on a white pointed stalk, rigid 
and persistent on substratum, rods also 
in stalk. Shortened rods in cyst 3 to 5 
microns. Cysts sometimes pear-shaped, 
caducous. 

Source and habitat: Thaxter (loc. cit.), 
from rabbit dung, Massachusets. Kofler 
(1913, loc. cit.), dung, Vienna. Jahn 
(loc. cit.) relatively common. Twice on 
rabbit dung near Berlin, once on goat 
dung in Nonvay. Krzemieniewski (1927 
loc. cit.) reported this species from Polish 
soil, but rare. 

Illustrations: Thaxter (loc. cit.) PI. 31, 
Figs. 20-24. Quehl, Cent. f. Bakt., II 
Abt., 16, 1906, PI. 1, Fig. 12. Jahn 
(loc. cit.) PL II, Figs. 19,20. Krzemien¬ 
iewski (1926, loc. cit.), PI. V, Fig. 54. 
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Gemis V. Chondromyces Berkeley and Curtis. 

(See Berkeley, Introduction to Cryptogamic Botany, London, 1857,313; Stigmatella 
Berkeley and Curtis, ibid. 1857, 313 (figure but no description); Berkeley (descrip¬ 
tion), Notes on North American Fungi, Grevillea, S, 1874, 97; see Berkeley and 
Curtis, in Saccardo, Sylloge Fungorum, 4, 1886, 679, Polycephalum'? Kalchbrenner 
and Cooke, Grevillea, 9, 1880, 22; Myxohotyrs Zukal, Ber. d. deutsch. Bot. Gescllsch., 
14, 1896, 346; Cyslodesmia Enderlein, Bakterien-Cyclogenie, Berlin, 1924, 243.) 

Synonymy: A species was figured and named in 1857 by Berkeley as Chondromyces 
crocatus Berkeley and Curtis, but not described. The generic name was finally 
described in 1874. Probably the date of the name should be the date of its description, 
although it is possible that an adequate labeled illustration should be interpreted as 

valid publication. 

Etymology; Greek c/iondros, grain and mpces, (fungus). 

Diagnosis: Cysts compactly grouped at the end of a colored stalk (cystophorej. 
Cystophore simple or branched. 

The type species is Chondromyces crocatus Berkeley and Curtis. 


Key to the species of genus Chondromyces. 

I. Cysts not in chains. 

A. Cysts sessile when ripe. 

1 . Cysts not pointed. 

a. Cysts rounded, 
b. Yellow. 

1. Chondromyces crocatus. 

bb. Bright orange-red. 

2. Chondromyces aurantiacus. 

aa. Cysts cylindrical. 

3. Chondromyces cylindricus. 

2. Cysts pointed. 

4. Chondromyces apiculatus. 

B. Cysts borne on stalk or stipe when ripe. 

1. Cysts orange-colored and truncate or rounded at distal end 

a. Cystophore usually simple. 

5. Chondromyces pediculatus. 

aa. Cystophore usually branched. 

6 . Chondromyces medius. 

2. Cysts copper-red when ripe; pear-shaped. 

7. Chondromyces minor. 

II. Cysts in chains at end of a compact stalk. 

8 . Chondromyces catenulatus. 


1. Chondromyces crocatus Berkeley 
and Curtis. (Berkeley, Introduction 
to Cryptogamic Botany, London, 1857, 
313; Berkeley, Notes on North American 
Fungi, Grevillea, 5, 1874,64; Myxohotyrs 
variahilis Zukal, Ber. d. deutsch. bot. 
Ges., IS, 1896, 340, according to Krze- 
mieniewski, Acta Soc. Bot. Poloniae, 4t 
1926, 38.) 


gy; Latin crocatus, saffron 

stage (Pseudoplasmod^; 
ge-red. Rods 

.lightly, straight or shgWy 

) to 0.7 by 2.5 to 6 , 

on nutrient agar and stenh^ 

CysU placed m 


a 


- * _ 
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The contents are first contracted within 
the cyst walls, showing the individual 
rods. The cyst wall is then absorbed or 
disappears at the base, and the rods 
escape in a regular stream until only the 
empty cyst is left. 

Fruiting bodies: Cysts nearly conical, 
rounded at tip, average 12 by 28 microns 
(6 to 20 by 15 to 45 microns), straw 
yellow, in spherical heads of variable 
numbers (70 to 90 microns) at tips of 
branches. Cystophore orange-colored, 
slender, striated, often twisted or ir¬ 
regularly bent, simple or branched as 
many as 5 times. About 600 microns 
high, rarely 1 mm. 

Source and habitat; Thaxter (1802, 
loc. cit.), melon rind from South Carolina 
and old straw from Ceylon and Cam¬ 
bridge, Mass. Zukal {loc. cii.), Vienna. 
Quchl, dung from Java and on deer 
dung, near Berlin. Thaxter (1904, loc. 
cfl.), New Haven, Conn., Tabor, Iowa, 
Florida, Laubach, Java. 

Illustrations: Berkeley, Introduction 
to Cryptogamic Botany, I^ondon, 1857, 
313. Thaxter, Bot. Gaz., 77, 1892, 389, 
PI. 22 and 23, Figs. 1-11. Quehl, Cent, 
f. Bakt., 11 Abt., 16, 1906,9, PI. 1, Fig. 10. 
Jahn, Kryptogamenflora der Mark Bran¬ 
denburg, V, Pilze I, Lief 2, 1911, 199, 
Fig. 6. Jahn, Beitrage zur botanischen 
Protistologie, I. Die Polyangiden, Geb. 
Borntraeger, Leipzig, 1924, PI. 2, Figs. 
14, 15, and 16. 

2. Chondromyces aurantlacus (Berke¬ 
ley and Curtis) Thaxter. (Stigmatella 
auranliaca Berkeley and Curtis (no 
description). Introduction to Crypto¬ 
gamic Botany, London, 1857, 313; Berke¬ 
ley (description), Notes on North Ameri¬ 
can Fungi, Grevillea, S, 1874, 97;Slilbum 
rhytidosporum Berkeley and Browne, 
1873, 96, see Saccardo, Sylloge Fungo- 
rum, 4, 1886, 571; Polycephalum auran- 
liacum Kalchbrenner and Cooke, 
Australian Fungi, Grevillea, 9, 1880, 23; 
Myxobolrys variabilia Zukal, Ber. 
deutsch. Bot. Ges., 14, 1896, 340; Chon- 


dromyccs aurautiacus .lahn, Kryptoga- 
menllora dcr Mark Brandenl)urg, V, 
Pilzc I, 1911, 206.) 

Etymology:Modern Latin auranliacus, 
orange-colored. 

Swarm stage (pscudopla.smodium): 
Flesh-colored, distinctly reddish. Rods 
large, tapering somewhat, normally 
straight, rounded at either c.xtrcmity, 
0.6 to 1 by 7 to 15 microns, average 0.5 
by 7 microns (?). Easily cultivated on 
nutrient agar, but on this rarely produces 
well formed cystophores, though culti¬ 
vable on its ordinary substrate without 
difficulty. 

Fruiting bodies: Cysts oval, elliptical 
or spherical, average 30 by 50 microns, 
at first stalked then sessile, united in 
small numbers at one end of cystophores, 
bright orange-red, chestnut-brown when 
kept moist for a considerable period or 
flesh-colored. Cystophore colorless, of¬ 
ten yellowish at the tip, usually simple, 
rarely forked, 200 to 400 microns high. 

The Krzemieniewskis (Acta Soc. Bot. 
Poloniac, 5, 1927, 96) have described a 
Chondromyces auranliacus xsir. frulesccns 
in which the fruiting body consists of a 
greenish, later yellowish mass of rods 
which develops into a thick cystophore 
with numerous terminal cysts. The 
cysts are oval or spherical, sometimes 
with cross-striations, firstorange-colored, 
later brown, about 40 to 120 by 30 to 90 
microns. The cyst rods are 0.9 to I.O 
by 2.3 to 3.4 microns. 

Source and habitat: Berkeley (1857, 
loc. cit.), on lichen. Berkeley and 
Brown (1873, loc. cil.), on rotten wood 
from Ceylon. Thaxter (1892, loc. cit.) 
in North America not uncommon on 
old wood and fungi. Zukal {loc. cit.), 
Vienna. Thaxter, Bot. Gaz., S3, 1897 
395, on antelope dung from Africa. 
Thaxter, Bot. Gaz., 57,1904,405, Florida, 
Philippines. Quehl, Cent. f. Bakt., II 
Abt., 16, 1906,9, dung from Java. Krze- 
mieniewski, Acta Soc. Bot. Poloniae, 4, 
1926, 1, rare in Polish soils. 

Illustrations: Berkeley and Brown 
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(1873, loc. cit.) PI. 4, Fig. 16. Kalch- 
brenner and Ckwke {loc. cit.). Thaxter 
(1892, loc. cit.) PI. 23 and 24, Figs. 12-19 
and 25-28. Zukal {loc. cit.) PI. 20. 
Quehl {loc. cit.) PI. 1, Fig. 10. Jahn, 
Beitriige zur botanischen Protistologie, 
I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, Fig. V, p. 57, Fig. W, p. 59. 
Krzemienicwski (1926, loc. cit.), PI. V, 
Figs. 57-60; (1927) var. fmtescens PI. 
VI, Figs. 27-35. 

3. Chondromyces cylindricus Krze- 
mieniewski. (Acta Soc. Bot. Pol., 7, 1930, 
260.) 

Etymology: Greek kylindrikos, cylin¬ 
drical. 

This organism was at first thought to 
be a variety of Chondromyces auraniiacus. 
It is separated from it on the basis of 
size, shape and pigmentation of the cysts. 

Fruiting body: Cystophore composed 
of bundles of cells, develops from a thick, 

greenish-yellow mass of rods; unbranched 
or with short branches, colorless to pale 
orange-yellow; up to 200 microns high. 
Numerous cysts develop from cystophore 
and branches; at first borne on slender 
Btipe 20 microns long, later becoming 
sessile on cystophore. Young cysts 
orange-yellow, later becoming deeper 
orange, and finally bright orange-brown 
when ripe. Shape variable: oval, ir¬ 
regularly rounded; predominantly cylin¬ 
drical with rounded ends, 16 to 49 by 30 
to 90 microns; average 29 by 56 microns. 

Spores: Shortened rods 0.8 to 1.1 by 
1.8 to 3.3 microns. 

Vegetative cells: Long rods, tapered 
at ends, 0.5 to 0.6 by 6.7 to 11.0 microns. 

Habitat: Soils. 

Illustrations: Krzemieniewski {loc. 
cit.) Plate XVII, Fig. 18. 

4. Chondromyces aplculatus Thaxter. 
(Bot. Gaz., 55, 1897, 405.) 

Etymology: Modern Latin from Latin 
apex, a point: with a small point. 

Swarm stage (pseudoplasmodium): 
Rods 1 by 3 to 20 microns. Does not 


grow as well on nutrient agar as Chondro¬ 
myces crocatus and produces cysts and 
cystophores rarely. Cultivated on dung. 
Kofler states rods are 3 to 5 microns in 
length. 

Fruiting bodies: Cystsof variable form, 
cylindrical to broadly turnip-shaped, 
usually with basal and apical appendages, 
the latter longer and pointed, bright 
orange, 28 by 35 microns. Cysts united 
in a single spherical terminal head, about 
200 microns in diameter. Cystophore 
rigid, stilT, seldom branched, to 1 mm 
high, colorless, longitudinally striate. 
Cysts germinate at both base and apex. 

Source and habitat: Thaxter (1897, 
loc. cit.), on antelope dung from Africa. 
Thaxter (1904, loc. cit.), deer dung, 
Philippines, Florida. Baur (1906,^ loc. 
cit.), on rabbit dung neaV Berlin. Ko er 
(1913, loc. cit.), on rabbit dung near 

Vienna. . 

Illustrations: Thaxter (1897, loc. ci. 
PI. 30, Figs. 1 to 15. Quchl (W, 
loc. cit.), PI. 1, Figs. 13 to 14. Jahn 
(1911, loc. cit.) p. 199, Fig. 5. 


i. Chondromyces pedlculatus Thaxter. 

ot. Gaz., 57, 1904, 410.) 

Etymology: From Latin pc ^cn » 

imall foot; small footed (stalked). 
Swarm stage (pseudoplasmo lum 

ds 0.6 to 0.7 by 2 to 4 microns, 
bruiting bodies: Cysts rounded to bei • 

iped, truncate at distal 

low, when dry orange-red, 35 to 

crons. Sessile on stalks 40 to 

crons in length, which are “ 

umbel on the tip of the cystophore^ 

atophore 300 to 700 

gth, solitary, simple, ^ually 
nder and somewhat wrinkled- 
Jource and habitat; Thaxter ( oc. 
goose dung in South Carolina- 
llustrations: Thaxter {loc. ct t 

Figs. 7 to 13. 

i. Chondromyces medlus 

(Acta Soc. Bot. Pol-, 7. 
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Etymology: Latin medius, medial, 
moderate. 

Fruiting body: Glistening, orange- 
colored cysts attached to cystophore in 
clusters by means of filamentous stipes 
about 40 microns long. Deciduous. 
Mass of rod-shaped cells from which 
cystophore develops colorless to pink. 
Cystophore composed of bundles of cells, 
often branched; appear similar to those 
of Chondromyces auranliacus var. /rules- 
cens. Cysts variable in shape; pre¬ 
dominant are those rounded or flattened 
at the apex and tapered toward the base, 
24 to 78 by 26 to 93 microns. Average 
51 by 55 microns. 

Spores: No data. 

Habitat: Soil. 

Illustrations: Krzernieniewski {loc. 
cil.) Plate XVII, Figs. 20-22. 

7. Chondromyces minor Krzemieniew- 
ski. (Acta Soc. Bot. Pol., 7, 1930, 265.) 

Etymology: Latin minor, less, little, 
small. 

Fruiting body: Cell masses from which 
cystophore develops, reddish-violet in 
color. Cystophore white, simple or 
branched, up to 120 microns high, 17 to 
89 microns thick. Cysts borne in clumps 
of 2 to 20 at apex of cystophore and 
branches on delicate colorless stipes. 
Cysts rose-red becoming copper-red when 
dry; pear-shaped, tapering toward base 
and broad at the apex; 20 to 47 by 20 to 


65 microns; average 28 by 38 microns. 
Deciduous. Stipes 3 to 6 by 10 to 25 
microns. 

Spores: 0.6 to 0.8 by 2.9 to 4.3 microns. 

Vegetative cells: 0.6 by 3.8 to 7.2 
microns. 

Habitat: Soil. 

Illustrations: Krzernieniewski {loc. 
cit.) Plate XVII, Figs. 23-24. 

8 . Chondromyces catenulatus Thaxter. 
(Bot. Gaz., 37, 1904, 410.) 

Etymology: Modern Latin from catena, 
a chain, = occurring in chains. 

Swarm stage (pscudoplasmodium): 
Cultivated only on original substrate. 
Bods 1 to 1.3 by 4 to 6 microns. 

Fruiting bodies: Cysts light yellow- 
orange, 20 to 50 by 18 microns in rosary- 
like chains, which may be branched once 
or twice, sessile on a short compact 
stalk, cysts separated by shriveled isth¬ 
muses. Chains to 300 microns. Cysto¬ 
phore simple 180 to 360 microns, cleft 
above, and passing over into the chains, 
rather broad at base and spreading 
somewhat on substratum. The divi¬ 
sions of the cystophore arc pointed, 
short and slightly swollen. 

Source and habitat: Thaxter {loc. cit.), 
on decaying poplar wood, New Hamp¬ 
shire. 

Illustrations: Thaxter {loc. cit.) PI. 
26, Figs. 1 to 5. 
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FAMILY V. MYXOCOCCACEAE JAHN. 

{Beitriige zur botan. Protistologie. I. Die Polyangiden, Geb. Borntraeger, Leipzigi 

1924, S4.) _ . 

Diagnosis: The rods become shortened when fruiting occurs (resting cells are 

formed), and develop into spherical or ellipsoidal spores or microcysts. Upon germi¬ 
nation the vegetative cell develops from the spore by a process analogous to budding, 
pinching off at the point of emergence, leaving the spore wall entirely empty. In three 
of the genera, definite fruiting bodies are produced. In Sporocytophaga, the siwrcs 
(microcysts) are produced from the vegetative cells without development of fruiting 

bodies. 


Key to the genera of family Myxococcaceae. 

I. Definite fruiting bodies formed. 

.V. Fruiting body not containing or made up of cysts. 

1. Fruiting bodies deliquescent. 

Genus I. Myzococcus, p. 1040. 

2. Fruiting bodies firm, not deliquescent. 

Genus II. Chondrococcus, p. IW-*- 

B. Fruiting body made up of cysts. 

Genus III. Angiococcus, p. 104(. 

TI. No definite fruiting bodies formed. ^ 

Genus IV. Sporocytophagn, p. !'«■ ■ 

Genus 1. Myxococcus Tkaxler. 

(Bot. Gaz., 17, 1892,403.) 

Etymology: Greek myxa, mucus and kokkos, berry; slime sphere. npright 

Diagnosis; Spherical spores in conical or spherical or occasional y ovoi 
fruiting bodies, united by a loose more or less mobile slime. 

The type species is Myxococcus fulvus (Cohn emend. Schroeter) Jahn. 

Key to Ike species of genus Myxococcus. 

I. Stalk lacking or indicated only by a constriction. 

A. Spores average less than 1.4 microns in diameter. 

1 . Fruiting body red or brownish-flesh color. 

1. Myxococcus fulvus. 

2. Fruiting body light blood-red. 

2. Myxococcus cruenlus. 

B. Spores average 2.0 microns in diameter. 

1. Fruiting body yellow to greenish-yellow. 

3. Myxococcus virescens. 

2. Fruiting body yellow-orange to orange. 

4. Myxococcus xantkus. 

II. Well developed stalk supporting spherical spore mass above. 

A. Spores spherical. , 

5. Myxococcus stipitotus, 

B. Spores oval. 

6 . Myxococcus ovaUsporvs. 



FAMILY MYXOCOCCACEAE 


1041 


1 . Myxococcus fulvus (Cohn emend. 
Schroeter) Jahn. {Micrococcus fulvus 
Cohn?, Beithige z. Biologic d. Pflanzen, 
/, Heft 3, 1875, ISl; Jahn (1924) states 
that the description of Cohn is too inade¬ 
quate to determine whether he was 
dealing with a true species of the genus 
Myxococcus. Cohn described the or¬ 
ganism from horse dung, as producing 
conical, rust-red droplets 1 mm in diam¬ 
eter, the cells bound together by an inter¬ 
cellular slime, cells large, 1.5 microns in 
diameter; Micrococcus fulvus Schroeter, 
Schizoniycetes, in Cohn, Kryptogamen- 
flora V. Schlesien, 5, 1, 1886, 144. Ob¬ 
served on horse dung and rabbit dung at 
various localities. Jahn insists that 
this organism must be the same as 
il/^/xococcus ruhescens Thaxter. J/yjo- 
coccus ruhescens Thaxter, Bot. Gaz., /7, 
1892, 403; Myxococcus ruber Baur, Arch, 
f. Protistenkunde, 5, 1905, 95; Myxo¬ 
coccus pyriformis A. L. Smith, Jour. Bot., 
39, 1901, 71; Myxococcus javanensis de 
Kruyff, Cent. f. Bakt, II Abt., 21, 1908, 
386; Rhodococcus fulvus Winslow and 
Winslow, Systematic Relationships of 
the Coccaccae, 1908, 262; Myxococcus 
fulvus Jahn, Beitriige zur botanischen 
Protistologic. I. Die Polyangiden, Geb. 
Borntraeger, Leipzig, 1924, 84.) 

Etymology: Latin fulvus, reddish- 
yellow. 

Swarm stage (pseudoplasmodium): 
Thaxter states that the rod masses arc 
reddish, rods slender, irregularly curved, 
0.4 by 3 to 7 microns. Bauer followed 
spore germination in hanging drop. 
Spores 0.8 to 1.3 microns, without struc¬ 
ture, in five hours swollen to 1 to 1.5 
microns, and no longer as refractive. 
The membrane is not burst; the cell be¬ 
comes egg-shaped, then elongate and 
cylipdric. He regards his Myxococcus 
ruber as distinct from Thaxter's Myxo¬ 
coccus ruhescens in part because of differ¬ 
ences in spore germination. The cells 
become motile after doubling or trebling 
in length. It is a creeping motion in 
contact with the substrate; the cells do 


not “swim.” Rate of motion 5 to 10 
microns per minute. Rods eventually 
are 0.5 to 0.7 microns by 4 to 10 microns. 
Cell division by transverse fission. 
Spore formation is through shortening 
and rounding of the cells, the converse 
of germination. In hanging drop the 
cells tend to congregate after three days 
and to transform into sjjores. Rods 
sporulatc in 3 to 4 hours. The rods con¬ 
tinue to congregate, and tlie spore mass 
increases, held together by viscous matrix. 
Vegetative cells are light flesh color. 

Gelatin is quickly liquefied, completely 
in 1 to 2 days, but no fruiting bo<lies are 
formed. 

Kofler secured good growth on Hast¬ 
ing’s milk agar, and determined digestion 
of casein. 

Baur could not secure good growth on 
any agar medium of known composition. 
With peptone, sugars, etc., some growth 
but not normal when peptone present. 
He carried one strain 3J months on pep¬ 
tone sugar agar. Good growth on dung 
agar. Addition of peptone to dung agar 
not significant in effect, the addition of 
glucose altered the form of the fruiting 
bodies. 

De Kruyff secured best results with a 
dung extract agar to which was added 
ammonium nitrate and potassium phos¬ 
phate. 

Fruiting bodies: Spherical or elongate 
pear-shape, constricted below, often 
with definite slimy stalk, flesh red to 
brownish-red, when dry rust-red to brown, 
about 300 microns in diameter. Spores 
1 to 1.2 microns. Jahn (1924, loc. cit.) 
notes two varieties. 

var. albus. (Latin albus, white). 
Constantly white, even when 
transferred. Fruiting bodies some¬ 
what smaller than the type, 
var. minialus. (Latin miniatus, 
painted with red lead or cinnabar.) 
Color cinnabar-red, fruiting bodies 
somewhat larger. 

The form described by de Kruyff had 
spores 1.6 microns in diameter. 
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Source and habitat : Thaxtcr (1892, 
loc. cit.), on various decaying substances, 
lichens, paper, dung, etc. Smith {loc. 
CiL), on rabbit dung from Wales. Baur 
{loc. cH.)y on cow and dog dung. De 
Kruyff {loc. cit.), on stable manure in 
Java. Jahn (1924, loc. cit.), very com¬ 
mon, on almost all specimens of dung, 
also on bark, decaying wood, and lichens. 
Krzemieniewski (1927, loc. cit.) very 
common in Polish soil. Koflcr {loc. cit.), 
dung of rabbit, horse, goat, mouse, roe, 
deer, on stem of clematis and decaying 
leaves and in bird nest. 

Illustrations: Cohn {loc. cit.) PI- 
6 , Fig. 18. Smith {loc. cit.) Fig. 1. 
Baur {loc. cit.) Figs. 1, 2, 3, and PI. 4, 
Figs. 1-13, 16. Jahn (1924, loc. cit.) 
Figs. I^M. p. 43, Fig. R, p. 47. Krze¬ 
mieniewski, Acta Soc. Bot. Poloniae, 
1926, PI. I, Figs. 7-8. Kofler, Sitzber. 
d. Kais. Akad. Wiss. Wien. Math.-Nat. 
Klasse, 122 Abt., 1913, 845, PI. 2, Figs. 

10 and 12 . 

Cultures: Baur {loc. cit.) states that 
he deposited a pure culture in the Zen- 
tralstelle fiir Pilzkulturen. 

2. Myxococcus cruentus Thaxter. 
(Thaxter, Bot. Gaz., 23, 1897, 395; 

ChondTococcus cruentus Krzemieniewski, 

Acta Soc. Bot. Poloniae, 5, 1927, 79.) 
Etymology: Latin cracniMS, blood-red. 
Swarm stage (pseudoplasmodium): 
Rods 0.8 by 3 to 8 microns. Was not 

cultivated. 

Fruiting body: Cysts regularly spheri¬ 
cal, 90 to 125 microns, blood-red. Slime 
forms on the surface a more or less defi¬ 
nite membrane, in which the spores 
lie. Spores oval or irregularly oblong 
about 0.9 to 1 by 1.2 to 1.4 microns. 
Cysts are densely aggregated. 

Source and habitat: Thaxter {loc.di.), 
on cow dung, Tennessee. Krzemieniew¬ 
ski (1927, loc. dt.) rare in Polish soils. 
Illustrations :Thaxter {loc. cit.) PL 31, 

Figs. 28-29. 


3. Myxococcus virescens Thaxter. 

(Bot. Gaz., 17, 1892, 404.) 

Etymology: Latin virescens, becoming 

green. 

Swarm stage (pseudoplasmodium). 
Rod masses greenish-yellow. Rods slen¬ 
der, irregularly curved, 0.4 by 3 to 7 
microns. When cultivated in potato 
agar tends to lose its green color and 
becomes yellowish. Badian (1930) re¬ 
ports the presence of a dumb-bell-shape 
nuclear structure which splits longi¬ 
tudinally in cell division, and shows 
autogamy preceding and a reduction 

division during spore formation. 

Fruiting body: Spherical or conical, 
usually less rounded than other speciM 
of the genus, yellowish, occasion^ 
greenish, in culture on artificial media, 
easily becoming white, 150 to 500 microns- 
The slime deliquesces in continuea 
moisture. Spores large, about 2 microns. 

Source and habitat: Thaxter {loc. ci • > 
on hen’s and dog’s dung, New England. 
Jahn (1924, loc. cil.), not very abun^ 
on dung of rabbit, horse, stag an 
cock. Krzemieniewski (1927, loc. « • > 
common in soil in Poland. Ba lan 
cit.), Poland. _ . 

Illustrations: Krzemieniewsw, 

Soc. Bot. Poloniae, 4, 1926, PL I, • ■ 
Badian, Acta Soc. Bot. Poloniae, 7, 

55, PL 1,8 figures. 

4. Myxococcuslanthus Beebe. (*1®“ 

Bact.,4?.1941,193.) 

Etymology: Greek xanthos, 

^'’pruiting body: Spherical to 
cal. usually sessile but 
stricted at the base giving the »PP j 

of a short stalk or foot. ^ 

body up to 300 to 400 microns .jje. 

often slightly flattened on top or 
Color varies from light yellowish^ 
when young to bright o™”*® 

ture;colorconstant,neverten ot 

greenish-yellow. No outer cyst wal 
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limiting membrane discernible, the spores 
being imbedded in the slime holding the 
mass together. Usually single, though 
two or three fruiting bodies may become 
joined to form an irregular mass; each is 
attached to the substrate, however, and 
never bud one from another. 

Spores: Spherical, with thick outer 
wall or membrane. Highly retractile. 
Stain very easily with any of the ordinary 
bacterial or nuclear dyes. 2.0 microns 
in diameter, seldom larger. 

Vegetative cells: Large, flexible, single, 
Gram-negative rods with rounded ends. 
No flagella, but move on surface of solid 
or semi-solid substrate with a crawling 
or creeping motion. Vary in size from 
0.5 to 1.0 by 4 to 10 microns; average 
0.75 by 5 microns. More or less distinct 
cell wall often evident. 

Vegetative colony: Characteristics 
vary with the substrate. 

On plain 1.5 per cent agar (no nu¬ 
trients added): Very thin and trans¬ 
parent, often hardly visible except by 
transmitted light. Little or no pig¬ 
mentation. Surface covered with fine, 
more or less regularly spaced ridges 
causing a dull macroscopic appearance 
without gloss or sheen. Margin very 
thin and quite regular. 

On rabbit dung decoction agar: Col¬ 
ony thicker, the surface being broken 
by veins or ridges radiating from the 
center. Thick central area often smooth 
and glossy while margin much the same 
as that on plain agar. Veins or ridges 
extend outward from center in loose 
spiral, always in clock-wise direction. 
Pigmentation, yellow to pale orange, 
confined to thicker central portion, 
extends part w'ay along veins to margin. 

On nutrient r.gar: Growth poor. Col¬ 
ony thick, at first heavily veined, the 
veins later merging to form an irregular 
glossy surface. Colony remains small, 
pigmentation usually fairly heavy; mar¬ 
gin thick, irregular to lobate. 

Physiology: Grows well on mineral 


salt-agar to which has been added dul- 
citol, inulin, cellulose, repreeipitated 
cellulose or starch; hydrolyzes starch; 
does not destroy cellulose to any appreci¬ 
able extent. Best growth on suspension 
of killed bacterial cells in agar; suspended 
cells in growth area lysed. Develop¬ 
ment completely inhibited by arabinose, 
largely by maltose and mannose. 

Source: Isolated from dried cow dung, 
Ames, Iowa. 

Habitat: Decomposed bacterial cells 
in dung. 

Illustrations: Beebe {loc. cit.) Figs. 
1-28. 

5. Myxococcus stipitatus Thaxter. 
(Bot. Gaz., 23, 1897, 395.) 

Etymology: From Latin stipes, stalk; 
stalked. 

Swarm stage (pseudoplasmodium): 
Rods 0.5 to 0.7 by 2 to 7 microns or 
longer. Grows well on nutrient agar, 
but does not fruit readily. 

Fruiting body: Spore mass nearly 
spherical, 175 microns in diameter, del¬ 
iquescent, sessile on a well developed 
compact stalk, white to yellowish and 
flesh color. Spores 0.8 to 1.2 by 1.0 to 
1.15 microns. Stalk 100 to 200 microns 
long, 30 to 50 microns wide. 

Source and habitat: Thaxter {loc. cit.), 
repeatedly on dung in laboratory cul¬ 
tures at Cambridge, Mass., Maine, Ten¬ 
nessee. Krzemieniewski (1927, foe. cit.), 
common in Polish soils. 

Illustrations: Thaxter {loc. cit.) PI. 
31, Figs. 30 to 33. Krzemieniewski, 
Acta Soc. Bot. Poloniae, 4, 1926, PI. II, 
Figs. 13-14. 

6 . Myxococcus ovalisporus Krzemien¬ 
iewski. (ActaSoc. Bot.,Pol.,4,1926,15.) 

Etymology: Modern Latin ovalis, oval, 
Greek sporos, seed. Oval spored. 

Swarm stage (pseudoplasmodium): 
Not described. 

Fruiting bodies: Produces almost spher¬ 
ical, characteristically shortened, ovoid 
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spore masses of light milky yellow color. 
These are often raised on a poorly de¬ 
veloped stalk. This stalk always shows 
some bacterial cells remaining, and in 
this and color is differeniated from 
M. slipilatiis. From the base of the 
stalk or directly from the substrate one 
or more small fruiting bodies develop. 
Spores are oval, sometimes irregularly 
spherical, 1.3 to 1.9 by 1.0 to 1.4 microns. 
In culture retains its differences from 
Myxococcus stipitatus. The latter sporu- 
lates best at room temperature, but 


Myxococcu$ ovalisporns in an incubator 
(presumably at 37°C). 

Source and habitat: Develops on rabbit 
dung (sterilized) on soil in Poland 
(Krzemieniewski). 

Appendix: Rippel and Flehmig (Arch, 
f. Mikrobiol., 4, 1933. 229) describe a 
new type of aerobic cellulose destroying 
bacteria under the new genus name of 
Ilersonia. This genus includes a single 
species, Itersonia fcrruginea. This or¬ 
ganism shows similarity to those in¬ 
cluded in Myxococcus. 


Genus II. Chondrococcus Jahn. 

(Jahn, Bcitragc zur botan. Protistologie. I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924; Daclylocoena Enderlcin, Bakterien-Cyclogcnic, Berlin, 1924 , 243.) 
Synonymy: A segregate from Myxococcus Thaxter. 

Etymology: Greek chondros, grain and kokkos, ball (coccus). 

Diagnosis: Spores embedded in a viscous slime which hardens. Fruiting bo * 
divided by joints or constrictions, often branched, usually relatively small. 

Seven species are included, of which the first described by Tha.xter and best e 
scribed, Chondrococcus coralloides (Thaxter) Jahn, may be designated as the typ^ 
The first species listed by Jahn is regarded as doubtful and should not be regar e 
as the type for there is no evidence that Jahn ever saw the species. 

Key to the species of genus Chondrococcus. 

I. Not parasitic on fish. 

A. Erect, simple or somewhat branched fruiting bodies. 

1. Secondary fruiting bodies not produced. 

a. Fruiting bodies constricted or jointed. 

1. Chondrococcus coralloides. 

aa. Fruiting body simple, columnar, club- or cushion-shaped, 

b. Fruiting body thick below, lesser above. 

2. Chondrococcus cirrhosis. 

bb. Not as in b. 

c. Spores 1.6 to 2.0 microns in diameter, 

d. Fruiting body cushion-shaped. 

3. Chondrococcus megalosporus. 

dd. Fruiting body branched. 

4. Chondrococcus macrosporus. 

cc. Fruiting body smaller below, above club-shape . P 

to 1.? microns in diameter. 

la. Chondrococcus corallotdes var. 

elavatus. . ^^^01 

2. Secondary fruiting bodies arise as bud-, finger- or coral-like grow 

primary fruiting body. 

5. Chondrococcus hlasticus. 

B. Recumbent, simple swelling or cyst heap constituting the fruiting 
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1. Cysts 60 to 170 microns, without definite envelope, in swollen brain-like 

arrangement. 

6. Ckondrococcus cerebrifonnis. 

2. Cysts 30 to 35 microns, numerous, and embedded in a thick slime envelope. 


II. Parasitic on fish. 


1. Chondrococcus coralloides (Tha.x- 
ter) Jahn. {Myxococcus coralloides 
Thaxter, Bot. Gaz., 17, 1892, 404; Myxo¬ 
coccus digiiatus Quehl, Cent. f. Bakt., 
II Abt., Id, 1906, 18 {pro parte)] Myxo¬ 
coccus clavaius Quehl, ibid.] Myxococcus 
polycystus Kofler, Sitzberg. d. kais. 
Wiss., Wien. Mat.-Nat. Klasse, 122 Abt., 
1913,865 (pro parte); Myxococcus exiguus 
Kofler, ibid., 867 (pro parte); Chondro¬ 
coccus polycystus Krzemieniewski, .Act. 
Soc. Bot. Poloniae, 4, 1926, 46.) 

Etymology: Greek korallion, coral, 
eidos, like. 

Swarm stage (pseudoplasmodium): 
Rod masses pale pinkish, thin, rods 
slender, curved 4 to 7 by 0.4 microns. 
Readily cultivated on lichens and on 
potato agar. 

Fruiting bodies: Very variable in 
shape, usually with rounded coral-like 
processes, recumbent or upright, some¬ 
times with finger-like outgrowths or 
rounded constrictions, usually small, 
about 50 microns in diameter, protuber¬ 
ances 20 to 30 microns wide, light rose 
to flesh color. Spores 1 to 1.2 microns. 
Jahn concludes that the species segre¬ 
gated by Quehl and by Kofler are of 
varietal rank only. Krzemieniewski 
(1926) regards Chondrococcus polycystus 
(Kofler) Krzemieniewski as a distinct 
species. 

Source and habitat: Thaxter (1892), 
uncommon in America, on lichens. Very 
common in Europe. Jahn (1924), rela¬ 
tively common. On dungof rabbit, hare, 
horses, deer, old bark and old lichens. 
Goat dung from Lapland and Italy. 
Kofler (1913), dungof field mice, horses, 
hares, goats, roe and deer. Krzemieniew- 
ski (1027), common in Polish soil. 


lb. Chondrococcus coralloides var. 
polycystus. 

7. Chondrococcus columnaris. 

Illustrations: Thaxter (1892, loc. cit.) 
Pi. 24, Figs. 29-33. Quehl (1906, loc. 
cit.) PI. 1, Figs. 1 and 9. Kofler (1913, 
loc. cit.) PI. 1, Fig. 4, Pi. 2, Fig. 9. Krze¬ 
mieniewski (1926, loc. cil.) PI. II, Figs. 
15-18. Jahn (1924, loc. cit.) Fig. Y, 
p. 87. 

la. Chondrococcus corralloides var. 
clavaius varies from Chondrococcus coral¬ 
loides in having fruiting bodies simple 
or branched rather than constricted or 
jointed. 

lb. Chondrococcus corralloides var. 
polycystus varies from Chondrococcus 
coralloides, in having its fruiting bodies 
simple swellings or “cyst heaps” rather 
than branched, and in being recumbent 
rather than erect. 

2. Chondrococcus cirrhosus (Thaxter) 
Jahn. {Myxococcus cirrhosus Thaxter, 
Bot. Gaz., 2S, 1897, 409; Jahn, Beitrage 
zur botanischen Protistologie. I. Die 
Polyangiden, Geb. Borntraeger, Leipzig, 
1924, 200.) 

Etymology: Modern Latin from Greek 
cirrhosy tawny. 

Swarm stage (pseudoplasmodium): 
Rods 0.8 by 2 to 5 microns. 

Fruiting bodies: Elongate, upright, 
thickened below, slender above, extended 
to a rounded point, 50 to 100 microns long, 
20 microns in diameter at base, light red 
to flesh-colored. Spores about 1 micron. 

Source and habitat: Thaxter {loc. ct'L), 
once only on grouse dung, Mass. 

Illustrations: Thaxter {loc. cit.) PI. 
31, Figs. 25-27. 

3. Chondrococcus megalosporus Jahn. 
(Beitrfige zur botanischen Protistologie. 
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I. Die Polyangiden, Geb. Borntraeger, 
Leipzig, 1924, 86.) 

Etymology: Greek megalos, large; 
sporos, seed, spore; large spored. 

Swarm stage (pseudoplasmodium): Not 
described. 

Fruiting bodies: About 80 to 160 mi¬ 
crons wide, rounded, cushion-shaped, 
dark flesh color. Spores 2 microns. 

Source and habitat: Jahn {loc. cil.),on 
stag dung near Berlin. 

Illustrations: Jahn {loc. cil.) Fig. Y, 
i to k, p. 87. 

4. Chondrococcus macrosporus Krze- 
inieniewski. {.-VctaSoc. Bot. Poloniae,4» 
1926). Acc'ording to Krzemieniewski, 
not to be confused with Zukal’s species, 
Myxococcus macrosporus (Ber. d. deutsch 
Bot. Gesellsch., 15, 1897,542.) 

Etymology; Greek makros, long, large; 
sporos, seed, spore; large-spored. 

Swarm stage (pseudoplasmodium) :Not 
described. 

Fruiting bodies; Much like Chondro¬ 
coccus coralloidcs, differing in color and 
in size of spores. Spores 1.6 to 2.0 
microns. Fruiting body yellow or light 
brown color, with long branches. 

Source and habitat: Krzemieniewski 
{loc. cit.), found it first on leaves, later 
isolated from soil on rabbit dung. 

Illustrations; Krzemieniewski {loc. 

cit.) PI. II, Fig. 19. 

5. Chondrococcus blasticus Beebe. 
(Iowa State Col. Jour. Sci., 16, 1941,310.) 

Etymology: Greek blaslikos, budding. 

Fruiting body: Primary: Spherical to 
subspherical, usually sessile but occa¬ 
sionally with a short stalk or foot; pale 
pink to bright salmon pink; 300 to 600 
microns in diameter. No outer wall or 
limiting membrane evident. Develops 
on sterilized rabbit dung in from 3 to 6 
days at room temperature. Secondary: 
Arising as bud-like growth from the 
primary fruiting body. Develops into 
irregularly shaped, finger-, coral- or bud¬ 
like protuberance. Seldom branched; 
occasionally stalked but usually sessile on 


4 

primary fruiting body until latter is 
utilized in formation of several secondary 
fruiting bodies. Deep pink to salmon 
pink in color. Variable in size and shape; 
50 to 150 by 75 to 225 microns. No outer 
wall or limiting membrane evident. 

Spores: Spherical, thick-walled, highly 
retractile; 1.2 to 1.4 microns in diameter. 
Held together in the fruiting body by 
the mass of slime. 

Vegetative cells: Long, slender, flexible 
rods, straight or curved to bent, ends 
rounded to slightly tapered, Gram¬ 
negative. 0.5 to 0.6 by 3.0 to 5.0 microns. 
Usually found in groups of 2 to 12 lymg 
parallel on the surface of the slimy 
colony, the group moving as a unit. 
Motile by a crawling or creeping motion, 

no flagella. 

Vegetative colony: Thin, colorless, 
transparent at margin; surface broken y 
many small ridges or veins. Center 
smooth, slightly thicker, often showing 
pale pink color. Fruiting bodies first 
form at or near center, later distnbu e 
irregularly on other parts of 
Margin composed of active vege a i 

cells* • 1 

Physiology: Good growth 
salt agar to which has been added 
complex carbohydrates as diilcitol, mulin, 
cellulose, reprecipitated ce u ose 
starch; starch hydrolyzed, <=^1 uos^»_, 
destroyed appreciably. Can 
as both C and N sources. Best gro 

suspensions of killed bacteria cells 
agar. Growth inhibited P»rt>ally “ 
entirely by arabinose, mannose 

■"^urce: Goat dung and soil, Ames, 

^“Habitat: Soil. Decomposes organs 
matter, especially bacterial c 

dung. ., X pi n, 

Illustrations: Beebe {loc. cit.) 

Figs. 5-6, pi. IV, Fig. 18. 

6. Chondrococcus 

(Kofler) Jahn. '^d. 

formis Kofler, Sitzben d. k^ ^^2 
Wien. Math.-Nat. Klass , 
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Abt., 1913, 866; Jahn, Beitriige zur 
botanischen Protistologie. I. Die Polyan- 
giden, Geb. Borntraeger, Leipzig, 1924, 
86 .) 

Etymology; Latin cerebrum, brain; 
formis, shape. 

Swarm stage (pseudoplasinodium): 
Kods4to 12 microns. 

Fruiting bodies: About 1 mm long, 
clumped masses with swollen upper 
surface, brain-like, violet rose,ofteulead- 
gray. Cysts 100 to 170 microns, without 
slime envelope. Spores 1.1 to 1.6 mi¬ 
crons. Jahn {loc. cit.) suggests that this 
may be Arckangium gepkyra. 

Source and habitat: Kofler {loc. cit.),on 
hare dung in the vicinity of Vienna. 

Illustrations: Kofler {loc. cit.) PI. 2, 
Figs. 7 and 8. 

7. Chondrococcus colunmaris (Davis) 
Ordaland Rucker. {Bacillus columnaris 
Davis, Bull. U. S. Bur. Fisheries, 38, 
1923 , 261; Ordal and Rucker, Proc. Soc. 
Exper. Biol, and Med., 66, 1944, 18; also 
see Fish and Rucker, Trans. Amer. Fish. 
Soc., 73, 1944 in press; Cylophaga colum- 
naris Garnjobst, Jour. Bact., 4^, 1945, 
113.) 

Etymology: From Latin columnaris, 
rising in the form of a pillar. 

Vegetative cells: Flexible, weakly 


refractive, Gram-negative rods, 0.5 to 
0.7 by 4 to 8 microns. Creeping motion 
observed on solid media, and flexing 
movements in liquids. 

Spores (microcysts):0.7 to 1.2 microns, 
spherical to ellipsoidal, occurring on 
both liquid and solid media. 

Physiology: Growth best on 0.5 to 
0.9 per cent agar with 0.25 to 0.50 per 
cent Bactotryptone at pH 7.3. Colonies 
on tryptone agar yellow, flat and irregu¬ 
lar. Edge uneven with swarming appar¬ 
ent. Gelatin liquefied rapidly. No in¬ 
dole. No reduction of nitrates. Starch, 
cellulose and agar not attacked. Sugars 
not fermented, but glucose oxidized. 

Fruiting bodies on agar not deliques¬ 
cent, and surrounded by a firm mem¬ 
brane. A peculiar type of fruiting body 
formed in liquid media. Where organ¬ 
isms are in contact with infected tissues 
or with scales, produce columnar, some¬ 
times branched, fruiting bodies in which 
typical spores (microcysts) develop in 
7 to 10 days. 

Source and habitat: First described 
as cause of bacterial disease of warm 
water fishes (Davis, loc. cit.) and later 
in fingerlings of the cold water blue 
black salmon {Oncorrhynchus nerka). 
Transmissible to salmonid fishes. 


Genus JII. Angiococcus Jahn. 

(Beitrage zur Protistologie. I. Die Polyangiden, Geb. Borntraeger, Leipzig, 1924,89.) 
A segregate from Myxococcus Thaxter. 

Diagnosis: Fruiting body consisting of numerous round (disk-shaped) cysts, cyst 
wall thin, spores within. 

Etymology; Greekan^ion, vessel and kokkos, coccus (ball). 

The type species is Angiococcus diseijormis (Thaxter) Jahn. 

Key to the species of genus Angiococcus. 

A. Cysts yellow to dark orange-yellow; disk-shaped; 35 microns in diameter 

1. Angiococcus disciformis. 

B. Cysts colorless to yellow; round; up to 15 microns in diameter. 

2. Angiococcus cellulosum. 


1. Angiococcus disciformis (Thaxter) zur botanischen Protistologie. I. Die 
Jahn. {Myxococcus disciformis Thaxter, Polyangiden, Geb. Borntraeger, Leipzig, 
Bot., Gaz., 37, 1904, 412; Jahn, Beitrage 1924, 89.) 
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Etymology: Greek diskos, a quoit, dis¬ 
cus; Latin formis, shape. 

Swarm stage (pseudoplasmodium): 
Rods 0.5 to 0.6 by 2 to 3 microns. 

Fruiting bodies: Cysts disk-shaped, 
crowded, sessile, attached by a more or 
less ragged scar-like insertion, or in 
masses. Cysts yellowish when young, 
when old dark orange-yellow, about 35 by 
10 microns. Cyst wall distinct, thin, be¬ 
coming very slightly wrinkled. Spores 
irregularly spherical, embedded in vis¬ 
cous slime, difficult to see in the ripe cyst. 

Source and habitat: Thaxter (/oc. cii.), 
dung of muskrat and deer, Massachusetts 
and New Hampshire. Krzemieniewski 
(1027, loc. cil.), rare in Polish soils. 

Illustrations: Thaxter (loc.cit.) PI. 27, 
Figs. 19-21. Krzemieniewski Acta Soc. 
Bot. Poloniae, 4, 1926, PI. II, Figs. 
21 - 22 . 

2. Anglococcus cellulosum Mishustin. 
(Microbiology, Moscow, 7, 1938, 427.) 

Etymology: Modern Latin cellulosum, 
cellulose. 

Fruiting body: Regularly rounded (less 
frequently extended or angular), 20 to 
150 microns in diameter; yellow or pink 
in color, to drabbish when old. Encysted 
cells surrounded by a colorless cyst wall 


or envelope. Usually 1 to 3 short stalks 
or cystophores up to 10 microns high. 
Within outer wall are numerous cysts 
containing resting cells (spores). Cysts 
have regularly rounded form; unpig- 
mcnted to yellow; 5 to 15 microns in 
diameter, average 6 microns. Number 
of cysts in fruiting body increases with 

age. 

Spares: Cocci (term used is shortened 
rods) combined into globular aggrega¬ 
tions easily broken up. Size not given. 

Vegetative cells: 0.4 to 0.5 by 1.5 to 
2.0 microns. Cell contents pigmented 

gray, and of indefinite outline (?)• 

Vegetative colony: Fairly rapid growt 
on cellulose with silica gel. Colony has a 
yellowish cast. Reaches diameter o 
1.5 to 2.0 cm after 6 days with center 
yellowish-pink and margin tinged light 
pink. Surface moist. Fruiting bodies 
more numerous at center, but distribute 
over entire area. Fruiting bodies do no 
noticeably protrude above the sur ace 

of the colony. . 

Physiology: Cellulose attacked but n 

completely destroyed. Lower ^ 

main intact, but on treatment ^it 

soda solution they fall spart. 

Habitat: Soils. 


Genus IV. Sporocytophaga Stanier. 

(Jour. Bact., 40, 1940,629.) 

Diagnosis: Spherical or ellipsoidal microcysts formed loosely m masses o 

among the vegetative cells. Fruiting bodies absent. ^ .hagein to est- 

Etymology: Greek sporos seed, spore; kytos hollow place, ce P gtanier. 
The type species is Sporocytophaga myxococcryides (Krzemienie 

Key to the species of genus Sporocytophaga. 


I. Microcysts spherical. 

A. Does not utilize starch. 

1 . 

B. Utilizes starch. 

2 . 

II, Microcysts ellipsoidal. 

3. 


Sporocytophaga myxococcoides. 
Sporocytophaga congregata. 
Sporocytophaga ellipsospora. 
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1. Sporocytophaga myxococcoides 

(Krzemieniewska Stanier. {Spirochaeia 
cytophaga Hutchinson and Clayton, 
Jour. Agr. Sci., 9, 1919, 150; Cyto- 
phaga myxococcoides Krzemieniewska, 
Arch. Mikrobiol., 4, 1933, 400; Cytophaga 
globulosa Stapp and Bortels, Cent. f. 
Bakt., II Abt., 90, 1934, 47; Cytophaga 
hutchinsonii Im^enecki and Solntzeva, 
Bull. Acad. Sci. U.S.S.H.. Ser. Biol., 
No. 6, 1936, 1129; not Cytophaga hutchin- 
soni Winogradsky, Ann. Inst. Pasteur, 
43, 1929, 578; Stanier, Jour. Bact., 40, 
1940, 630.) 

Etymology: Modern Latin from generic 
name Myxococciis, and eidos, like. 

Vegetative morphology: Flexible, singly 
occurring rods, 0.3 to 0.4 micron wide 
at the center, tapering to both ends. 
Length 3 to 8 microns according to 
Krzemieniewska {loc. cit.), 2.5 to 5 
microns according to Jensen (Proc. Linn. 
Soc. N.So. Wales, 65, 1940,647). May be 
straight, bent, U-shaped or S-shaped. 
Show creeping motility (Stapp and 
Bortels, loc. cit.). Stain poorly with 
ordinary aniline dyes; with Giemsa’s 
stain, the young cells are colored uni¬ 
formly except for the tips. As the rods 
shorten and swell to form microcysts, the 
chromatin becomes concentrated and 
moves toward the center of the cell, 
generally in the form of two parallel 
bands (Krzemieniewska, Acta Soc. Bot. 
Pol., 7, 1930, 514). 

Microcysts: Spherical, 1.3 to 1.6 
microns in diameter, covered with a 
sheath of mucus. According to Krze¬ 
mieniewska (1930, loc. cit.), germination 
is by emergence of the shortened rod 
from the sheath, followed by elongation; 
according to Stapp and Bortels (loc. cit.) 
and ImSenecki and Solntzeva (loc. cit.), 
by a simple elongation of the entire 
microcyst. 

Growth is strictly confined to cellulose. 
On mineral salts-silica gel plates covered 
with filter paper, yellow, glistening, 
slightly mucilaginous patches are pro¬ 


duced after a few’ days. The color 
gradually assumes a light brownish tinge 
on aging. The filter paper in these 
regions is eventually completely dis¬ 
solved and the patches become trans¬ 
lucent. 

Ammonia, nitrate, asparagin, aspartic 
acid and peptone can serve as sources of 
nitrogen (Jensen, loc. cit.). 

Strictly aerobic. 

Optimum temperature 28 to 30®C. 
Source: Isolated from soil. 

Habitat: Soil. Decomposes cellulose. 

2. Sporocytophaga congregate Fuller 
and Norman. (Jour. Bact., 45, 1943, 
567.) 

Etymology: Latin congrego, to as¬ 
semble. 

Vegetative cells are long, flexuous rods 
with pointed ends, 0.5 to 0.7 by 5.5 to 
8.0 microns. Creeping motility on solid 
surfaces. 

Spores (microcysts): Spherical, 0.7 to 
1.1 microns in diameter. Usually occur 
in localized regions within the colony. 

Grow’th on starch agar is smoky, later 
turning yellow'. Colonies are irregularly 
round, slightly concave. Edge is smooth 
and entire at first, later becoming irregu¬ 
lar. Marginal and internal sw'arming 
may be prominent. The vegetative 
cells gather into groups and in these 
regions a large number of spherical 
spores are found. 

Growth on cellulose dextrin agar is 
pale; colonies are small and concave. 
Hollowing of the agar is limited to the 
area of colony grow th. 

Glucose, galactose, lactose, maltose, 
sucrose, arabinose, calcium gluconate, 
starch, cellulose dextrin, pectin, and 
hemicellulose are utilized. Filter paper 
is not attacked. 

Ammonium, nitrate, and peptone are 
suitable nitrogen sources. 

Indole not formed. 

Nitrites not produced from nitrates. 
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Litmus milk; Growth but no digestion 
nr curd formation. 

Highly aerobic. 

Optimum temperature 25° to 30°C. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes organic 
matter. 

3. Sporocytophaga ellipsospora (Im- 
senecki and Solntzeva) Stanier. (C//fo- 
phagd ellipsospora Imsenecki and Solnt¬ 
zeva, Bull. Acad. Sci. I’.S.S.R., Ser. 
Biol., Xo. 0, 103G, 1137; Stanier, Bact. 
Bev., 6‘. 1942, 153 and 100.) 

Etymology: Greek ellipsis, an ellipse, 
and sporos, seed. 

Vegetative morphology: Flexible, 
singly occurring rods, 0.4 micron wide 
at the center and tapering to both ends. 
Length 7.5 microns. May be straight, 


bent, U'Shaped, or S*shaped. Show 
creeping motility. 

Microcysts: Oval or somewhat elon 
gated, 0.9 to 1.2 by 1.6 to 1.8 microns 
Almost always situated in closely-packed 
aggregates, isolated individual micro- 
cysts rare. Germinate by elongation. 

Growth is strictly confined to cellulose. 
On mineral salts-silica gel plates covered 
with filter paper, orange, glistening, 
mucilaginous patches are produced. L'i* 
timately the filter paper is completely 
dissolved and the patches become trans¬ 
lucent. 

Ammonia, nitrate and peptone can 
serve as sources of nitrogen. 

Strictly aerobic. 

Optimum temperature 28° to 30°C. 

Source: Isolated from soil. 

Habitat: Soil. Decomposes cellulose 
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ORDER V. SPIROCHAETALES BUCHANAN.* 

(Jour. Bact., 5, 191S, 542.) 

Slender, flexuous cell body in the form of a spiral with at least one complete turn, 
6 to 500 microns in length. Some forms may show an axial hlament, a lateral crista 
or ridge, or transverse striations; otherwise no significant protoplasmic pattern. 
Smaller forms may have a lower refractive index than bacteria, and so living organisms 
can be seen only with dark field illumination. Some forms take aniline dyes with 
difficulty.^ Giemsa’s stain is uniformly successful. Multiplication by transverse 
fission. No sexual cycle known. Granules formed by some species in vector hosts. 
All forms are motile. No organs of locomotion**; motility serpentine or by spinning 
on the long axis without polarity. Free-living, saprophytic and parasitic. 


Key io lhe families of order Spirochaetales. 

I. Spirals 30 to 500 microns in length, having definite protoplasmic structures. 

Family I. Spirochaetaceae, p. 1051. 

II. Spirals 4 to 16 microns in length, having no obvious protoplasmic structure. 

Family II. Treponemataceae, p. 1058. 

FAMILY I. SPIROCHAETACEAE SWELLENGREBEL. 

(Ann. Inst. Past., 21, 1907, 581.) 

Coarse spiral organisms, 30 to 500 microns in length, having definite protoplasmic 
structures. Found in stagnant, fresh or salt water and in the intestinal tract of 
bivalve molluscs {Lamellibranckiata). 


Key to the genera of family Spirochaetaceae. 

I. No obvious periplast membrane and no cross-striations. 

Genus I. Spirochaela, p. 1051. 

II. Periplast membrane present. Cross-striations prominent in stained specimens. 

A. Free-living in marine ooze. 

Genus II. Saprospira, p. 1054. 

B. Parasitic on lameliibranch molluscs. Crista prominent. 

Genus III. Cristispira, p. 1055. 


Genus /. Splrocbaeta Ehrenberg. 

(Ehrenberg, Abhandl. Berl. Akad., 1833, 313; Spirochoeta Dujardin, Hist. nat. 
ies Zoophytes, 1841, 209; Spirochaete Cohn, Beitr. z. Biol. d. Pflanz., /, Heft 1, 1872, 


* Originally prepared by Prof. D. H. Bergey, Philadelphia, Pa., October, 1922. 
Revised by Prof. E. G. D. Murray, McGill University, Montreal, P. Q., Canada, 
December, 1938. Further revision by Dr. G. H. Robinson, Wm. H. Singer Memorial 
Research Laboratory of the Allegheny General Hospital, Pittsburgh, Pa., September, 
1943. Appendices prepared by Mrs. Eleanore Heist Clise, Geneva, N. Y., Septem¬ 
ber, 1943. 

•* Recent photographs taken with the electron microscope indicate the presence 
of structures resembling flagella (Mudd, Polevitzky and Anderson, Jour. Bact., 46, 
1943, 15). Whether these can be considered as organs of locomotion awaits decision. 
At present it seems best to confine descriptions of structure to features seen by use 
of the oil immersion lens. 
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180; Ehrenhergia Gieszczykiewicz, Bull. Acad. Polonaise d. Sci. et Lettres, Cl. Sci. 
Math, et Nat., S^r. B, 1939, 24.) 

Non-parasitic, with flexible, undulating body and with or without flageliitom 
tapering ends. Protoplast wound spirally around a well-defined axial filament. JNo 
obvious periplast mcrubrane and no cross-striations* Motility by a creeping mo ion 
Primary spiral permanent. Freediving in fresh or sea water slime, especially in e 
presence of US- Common in sewage and foul waters. 

The type specie.? is Spirochaeta plicaiilis Ehrenberg. 

Key to the species of genus Spirochaeta. 

I. Large spirals with rounded ends. 

1. Spirochaeta plicaiilis. 

2. Spirochaeta marina. 

3. Spirochaeta eurystrepia. 

H. Smaller spirals wdth pointed ends. 

4. Spirochaeta s^enosfrepfer- 

5. Spirochaeta daxensis. 


1. Spirochaeta plicatilis Ehrenberg. . 
(Ehrenberg, Die Infusionstierchen, 1838, 
83; Spirillum plicatile Dujardin, Infus., 

/, 1841, 225; Spirulina plicaiilis Ck)hn, 
Nova Acta Acad. Caes. Leop. Carol., 

I, 1853, 125; Spirochaete plicaiilis Cohn, 
Beitr. z. Biol. d. Pflanz., 1, Heft 2, 1872, 
180; 5piri7ium portae Mantegazza, Giorn. 
1st. Lomb., S, p. 487, according to DeToni 
and Trevisan, in Saccardo, Sylloge Fungo- 
rum, 8, 1889, 1006; Spirochaeta plicatilis 
plicatilis Zuelzer, Arch. f. Protistenk., 
$4, 1912, 17; Ehrenhergia plicaiilis Giesz¬ 
czykiewicz, Bull. Acad. Polonaise d. Sci. 
et Lettres, Cl. Sci. Math, et Nat., S^r. B,' 
1939, 24.) From Latin, folded. 

Cylindrical: 0.5 to 0.75 by 100 to 500 
microns, with blunt ends. 

Spiral amplitude: 2.0 microns, regular. 
Spiral depth; 1.5 microns, regular. 
Waves, several, large, inconstant, ir¬ 
regular. 

Axial filament distinct in stained speci¬ 
mens, consisting of chitin or cutin-like 
substance. Flexible, elastic. 

Division transverse. 

Stains violet by Giemsa’s stain and gray 

by iron-hemotoxylin. 

Cytoplasmic spirals stain with eosin, 
rubin,etc. Contain volutingranules. 

Trypsin digestion: Axial filament re¬ 
sistant. 


Bile salts (10 per cent): Becomes shad¬ 
owy, pale, but is not dissolved. 

Saponin (10 per cent): Lives 30 min¬ 
utes. Later becomes shadowy, hut is no 

IlCCTkt VAff 

Grows best under low o.xygen tension- 
Optimum temperature 20® to ^ L. 
Habitat: Free-living in fresh or 

water. 


Spirochaeta marina Zuelzer. 
leta plicatilis marino Zuelzer, • rc • 

otistenk.,^4,1912,17;ZueIzer,.M.. 

From Latin, of the sea. 

obably a subspecies or vanan 
ochaeta plicatilis. 

,lindrical, 0.5 by 100 to 200 m.cron. 

blunt ends. Flexible, 

filament present, 


ision transverse. ^ -nlarlv 

.tains smaller and 7™ 

buted volutin granules tton 2 * 

; plicaiilis. Cytoplasmic spira 

ws best at low oxygen tension, 
imum temperature 20®C. 

)itat: Sea water. 

Iplrochaeta eurystrepta 
ychaeia plicatilis 17; 

Uch. f. Protistenk., U, 
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Zuelzer, ibid.^ 51.) From Greek, broadly 
twisted. 

Probably a subspecies or variant of 
Spirochaeta plicatilis. 

Cylindrical; 0.5 micron in thickness 
and up to 300 microns in length. 

Spiral amplitude: More shallow than 
spirals of Spirochaeta plicatilis with blunt 
ends. 

Axial filament present. Flexible, 
elastic. 

Division transverse. 

Fewer volutin granules than in Spiro¬ 
chaeta plicatilis. Cytoplasmic spirals 
stain. 

Optimum temperature 20®C. 

Habitat: Swamp water and in grossly 
polluted water containing H 2 S. 

4. Spirochaeta stenostrepta Zuelzer. 
(Zuelzer, Arch. f. Protistcnkunde, 24, 
1912, 16; Treponema stenostrepta Eiuler- 
lein, Bakterien-Cyclogenie, 1925, 253.) 
From Greek, narrowly twisted. 

Cylindrical: 0.25 micron in thickness 
and 20 to 60, occasionally up to 200, 
microns in length, with pointed ends. 

Spiral amplitude very narrow with 
steep windings. 

Axial filament present. Flexible, 
elastic. 

Division transverse. 

Fewer volutin granules than in Spiro¬ 
chaeta plicatilis. 

Cytoplasmic spirals stain. 

Optimum temperature 20'’C. 

Habitat: Water containing HjS. 

5. Spirochaeta dazensls Cantacuz6ne. 
(Compt. rend. Soc. Biol., Paris, 68, 
1910, 75.) Named for Dax, a watering 
place in France. 

Large spirals: 0.5 to 2.5 by 30 to 100 
microns, possessing a longitudinal chro¬ 
matin filament, and tapering at the ends. 

They are flattened and exhibit a double 
series of curls, smaller waves being super¬ 
imposed on larger undulations. 

Optimum temperature 44® to 62®C. 


Source: Found in water of hot spring of 
Dax (52® to 56®C). 

Habitat: Hot springs. 

Appendix: The following species may 
belong in this genus. Descriptions are 
usually inadequate. 

Spirochaeta agilis Adelmann. (Cent, 
f. Bakt., I Abt., Orig., 88, 1022, 413.) 
From mud from the harbor at Kiel. 
Original culture had a weak odor of hy¬ 
drogen sulfide. 

Spirochaeta anrantia Vinzent. 
(Compt. rend. Soc. Biol., Paris, 95, 1926, 
1472.) From drain water. Forms small 
yellowish-orange colonies on agar after 5 
to 8 days. Shows involution forms. This 
species definitely does not belong in the 
genus Spirochaeta, although it is placed 
here for the present. Its description sug¬ 
gests that it may belong among the 
vibrios. 

Spirochaeta Jlexibilis Nagler. (Cent, 
f. Bakt., I Abt., Orig., 50, 1909, 445.) 
From the mud of a lake. 

Spirochaeta fulgurans Dobell. (Arch, 
f. Protistenk., 26, 1912, 117.) From 
water of the river Granla at Cambridge. 
May be a synonym of Spirochaeta steno- 
strepta. 

Spirochaeta gigantea Warming. 
(Warming, Videnskabl. Meddel. Naturh. 
Foren., Copenhagen, 1875, 70; Spirillum 
giganteum Trevisan, I generi e Ic specie 
delle Battcriacee, 1889, 24; not Spirillum 
giganteum Migula, Syst. d. Bakt., 2, 1900, 
1025.) Large, 3 microns in diameter. 
Inadequately described and possibly not 
a spirochaete. 

Spirochaeta graminea Zuelzer. (Zuel¬ 
zer, 1925, in Prowazek, Handb. d. path. 
Protoz., S, 1931,1670.) From an infusion 
of herbs. Size 0.25 by 100 microns. 
From rivers and marshes where it digests 
cellulose. 

Spirochaeta graminea marina Zuelzer. 
(Cent. f. Bakt., I Abt., Orig., 98, 1925, 
426.) From sea water. 

Spirochaeta icierogenes marina Zuelzer. 
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(Cent. f. Bakt., I Abt., Orig., 96, 1925, 
426.) From sea water. 

Spirochaeta minima Dobell. (Dobell, 
Arch. f. Protistenk., 26, 1012, 117; not 
Spirochaeta minima Pettit, Contribution 
It I’Etude cles Spirocheticles, Vanves, II, 
1928, 187 {Treponema minimum Beaure- 
paire-.\raguoand Vdanna, Mem. Inst. Os- 
waldo Cruz, 5, 1913, 211).) One of the 
smallest known Spirochaeta, 0.5 by 2.0 to 
2.5 microns. From water of the river 
Granta at Cambridge. Similar to Spiro¬ 
chaeta fulgurana. 

Spirochaeta vivax (Dobell) Zuelzer. 
{Treponema vivax Dobell, Arch. f. Pro¬ 
tistenk., 26, 1912, 117; Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz., 5, 


1931, 1669.) From fresh water of the 
river Granta at Cambridge. 

Spirochaete kochii Trevisan. (Spiro- 
chaete des Wollsteiner See, Koch, in 
Cohn, Beitr. z. Biol. d. Pflanzen, 2, Heft 
3,1877,420; Trevisan, Batter. Ital., 1879, 
26; Spirillum kochii Trevisan, I generi e 
le specie delle Batteriacee, 1889, 24.) 
From water. 

Spirochaete schroeteri Cohn. (Jahres- 
ber. d. Schles. Gesellch. f. 1883, 198; 
quoted from Schroeter, in Cohn, Kryp- 
tog. Flora v. Schlesien, 3, 1, 1889, 168, 
Spirillum schroeteri Cohn, quoted from 
DeToni and Trevisan, in Saccardo, Syl- 
loge Fungorum.S, 1889,1007.) Similarto 
Spirochaete cohnii. From cellar walls. 


Genus II. Saprospira Gross. 

(Mittheil. Zool. Stat. zu Ncapel, 20, 1911, 190.) 

Spiral protoplasm without evident axial filament. Spirals rather shallow. . 

verse markings or septa (?) seen in unstained and stained specimens.^ 
membrane distinct. Motility active and rotating. Free-living in marine 
The type species is Saprospira grandis Gross. 


1. Saprospira grandis Gross. (Mit- 
teil. Zool. Station zu Neapel, 20, 1911, 
190.) From Latin, great. 

Cylindrical, 1.2 by 80 microns in 
length, with obtuse ends. 

Spiral amplitude is 24 microns. 

Waves large, inconstant, shallow, ir¬ 
regular, 3 to 5 in number, sometimes al¬ 
most straight. 

Axial filament absent. 

Cross-striations present. 

Membrane distinct. 

Division transverse. 

Flexible, elastic. 

Crista absent. 

Terminal spiral filament absent. 

Highly motile end portion absent. 

Trypsin digestion. 

Source : Found in intestinal tract of the 
oyster. 

Habitat: Free-living in foraminiferous 
sand. 

2. Saprospira puncta Dimitroff. 


(Jour. Bact., 1926,146.) From Latin, 

Large spirals: 1.0 by 86 microns w 

pointed ends. . 

The spiral amplitude is 4 to 8 micro 

The average number of turns is 3. 

Axial filament absent. 

Cross-striations present. 

Membrane distinct. 

Division transverse. 

Source: Found in oysters. 


1. Saprospira lepta Dimitroff. 
ct., «, 1926,144.) F™"' 

;,arge spirals: 0.5by 70.0microns,wit 

inted ends. - 

rhe spiral amplitude ranges from 

microns. icm48 

rhe spiral width varies from 1.6 

crons. . - 

rhe average number of turns is 6- 

Lxial filament absent. 

;;)ross-striation8 present. 
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Membrane distinct. 

Division transverse. 

Source: Found in oysters in Baltimore, 
Maryland. 

Appendix: The following species have 
been placed in this genus. 


Saprospira Jlexuosa Dobell. (Arch. f. 
Protistenk.,5fi, 1912,117.) Isolated once 
from water of the river Granta at Cam¬ 
bridge. 

Saprospira nana Gro.ss. (Mittheil. 
Zool. Sta. zu Neapel, 2G, 1911, 188.) 
From foraminiferous sand. 


Genus III. Crlstispira Gross. 

(Mittheil. Zool. Stat. zu Neapel, 20, 1910, 41.) 

Flexuous cell bodies in coarse spirals, 28 to 120 microns in length. Characterized 
by a crista or thin membrane of varying prominence on one side of the body extend¬ 
ing the entire length of the organism. Cross-striations. Actively motile. Found 
in the intestinal tract of molluscs. 

The type species is Crislispira halbianii (Certes) Gross. 


1. Crlstispira halbianii (Certes) Gross. 
{Trypanosoma halbianii Certes, Bull. 
Soc. Zool. de France, 7,1882, 347; *Sptro- 
chaeta halbianii Swellengrebel, Ann. Inst. 
Past., 21, 1907, 562; Spirochaete halbianii 
Borrel and Cernovodeanu, Ck)mpt. rend. 
Soc. Biol., Paris, 62, 1907, 1102; Gross, 
Cent. f. Bakt., I Abt., Orig., 65, 1912,90.) 

Cylindrical: 1.0 to 3.0 by 40 to 120 
microns, with obtuse ends. 

Spiral amplitude is 8 microns. Spiral 
depth is 1.6 microns. Waves 2 to 5, 
sometimes more, large, irregular, 
shallow. 

Axial filament absent. 

Cross-striations present. 

Membrane distinct. 

Flexible, elastic. 

Crista present, a ridge-like membrane 
making one to two complete turns. 

Terminal spiral filament absent. 
Highly motile end portion absent. 

Stains: Cell membrane behaves like 
chitin or cutin substance. Stains violet 
by Giemsa's solution, and light gray by 
iron-hemotoxylin. 

Trypsin digestion: Membrane resist¬ 
ant, crista and striations disappear. 

Bile salt (10 per cent): Crista quickly 
dissolves. 

Saponin (10 per cent): Crista becomes 
fibrillar, then indistinct. 


Source: From the crystalline style of 
oysters. 

HabiUit: Parasitic in alimentary tract 
of shell-fish. 

2. Crlstispira anodontae (Kcysselitz) 
Gross. {Spirochaeta anodontae Keysse- 
litz,.\rb.a. d. kaiserl. Gesundheitsamte, 
23, 1906,566; Gross, Cent. f. Bakt., I Abt., 
Orig., 65, 1912, 900.) From M.L., mus¬ 
sels. 

0.8 to 1.2 by 44 to 88 microns with 
sharply pointed ends; flattened and 
possessing an undulating membrane. 
The periplast is fibrillar in appearance 
and there is a dark granule at each end 
of the undulating membrane. The chro¬ 
matin material is distributed in the form 
of globules or elongated bands. 

I^rge spirals: The aveiage width of the 
spiral is 2 microns. The average wave 
length is 8 microns. 

The number of complete turns ranges 
from 5 to 11. 

Habitat: Found in the crystalline style 
of fresh water mussels, Anodonta cygnea 
and A. mulabilis, also in intestinal tract 
of oysters. 

3. Crlstispira pinnae (Gonder) Bergey 
et al. {Spirochaete pinnae Gonder, Cent, 
f. Bakt., I Abt., Orig., 47, 1908, 491; 
Spirochaeta pinnae Schellack, Arb. a. d. 
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kaiserl. Gesundhcitsamte, 30, 1909, 379; 
Bergey et al., Manual, 1st eel., 1923, 423.) 
From Latin, of a mussel. 

Spirals: 0.5 to 3.0 by 10 to 60 microns, 
round in section with blunt ends, the 
one being slightly more pointed than the 
other. 

They have a ridge or comb running 
along one side but no terminal filaments. 

Cross-striations distinct. 

The chromatin granules are grouped 
in fours. 

An undulating membrane can be dem¬ 
onstrated. 

Source: Found in the intestinal canal 
of the scallop (Pecten jacobacus). 

Habitat: From the crystalline style of 
molluscs. 

Appendix: Additional species which ap¬ 
pear to belong in this genus are: 

Cristispira acuminata (Schellack) 
Ford. {Spirochaeta acuminata Schel¬ 
lack, Arb. kais. Gesundhcitsamte, 30, 
1909, 379; not Spirochaeta acuminata 
Castcllani, Brit. Med. Jour., 2, 1905, 
1330; Ford, Te.vtb. of Baet., 1927, 939.) 
From the crystalline style of a mollusc, 
Tapes laeta. 

Cristispira cardii-papHlosi (Schellack) 
Ford. {Spirochaeta cardii-papillosi 
Schellack, Arb. kais. Gesundhcitsamte, 
SO, 1909, 379; Ford, Textb. of Bact., 1927, 
939.) From the crystalline style of a 
mollusc, Cardium papillosum. 

Cristispira chamae (Schellack) Nogu¬ 
chi. {Spirochaeta chamae Schellack, 
Arb. kais. Gesundhcitsamte, SO, 1909, 
379; Noguchi, Jour. Exp. Med., 87, 1918, 
583.) From the crystalline styles of 
molluscs, Chama spp. 

Cristispira gastrochaenae (Schellack) 
Ford. {Spirochaeta gastrochaenae Schel¬ 
lack, Arb. kais. Gesundheitsamte, SO, 
1909, 379; Ford, Textb. of Bact., 1927, 
940^.) From .a shellfish, Gastrochaena 
duhia. Constant length 29 microns. 

Cristispira helgolandica Collier. 
(Cent. f. Bakt., I Abt., Orig., 86, 1921, 
132.) Found three times in the body 


fluid of an echinoderm, Asterias rubens, 
in the North sea. Average length 68 
microns. Named for the place where the 
investigation was made (Helgoland). 

Cristispira interrogationis Gross. (Mit- 
theil. Zool. Station zu Neapel, 20, 1910, 
41.) From the intestinal canal of the 
scallop, Pecten jacobaeus. 

Cristispira limae (Schellack) Ford. 
{Spirochaeta limae Schellack, Arb. kais. 
Gesundheitsamte, SO, 1909, 379; Ford, 
Textb. of Bact., 1927, 939.) From the 
crystalline styles of molluscs, lAma spp- 
Similar to Cristispira balbianii. 

Cristispira mactrae (Prowazek) Ford. 
{Spirochaeta mactrae Prow'azek, Arch, f- 
SchiiTs- u. Tropenhyg., H, 1910, 297, 
Ford, Textb. of Bact., 1927, 940.) From 
the digestive tract of a shellfish, Mactra 
sulcataria. 

Cristispira mijia Dimitroff. (Jour. 
Bact., 12, 1926, 159.) Found in oysters. 

Cristispira modiolae (Schellack) Nogu 
chi. {Spirochaeta modiolae Scheilac , 

Arb. kais. Gesundheitsamte, 50 , 1909,37 , 

Noguchi, Jour. Exp. Med., 27, 1918, 683.) 
Found in mussels and oysters. ^ 
Cristispira oslreae (Schellack) 
chi. {Spirochaeta oslreae Schellack, Arb. 
kais. Gesundheitsamte, SO, 1909, » 

Noguchi, Jour. Exp. Med., 27, 1918, 

From the crystalline style of the oys cr, 
Oslrea edulis. Identical with Crislispif 


inodoniae Gross. .. 

Cristispira pachelabrae de ^ ^ 
[Compt. rend. ^c. Biol., Paris, 84, » 

!41.) From the digestive tract of a sbe 

ish, Pachelabra moestra. a h f 

Cristispira parvula Dobell. ( • 

^rotistenk., 26, 1912, 117.) _ 

rystalline style of a mollu^, 
Meretrix) castra, in Ceylon. The sm ' 
st Cristispira known—0.4 to 0.5 y 
5 microns. 

Cri's/isptra peciinis Gross. (^ * p — 

;ool.Sta.zuNeapel,f0.1910.4l.) From 

he digestive tract of a scallop, 
icobaeus. Identical with Cnsttsjn 

ilbianii Gross. r-iil- 

Cristispira polydorae MesnU and 
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lery. (Compt. rend. Soc. Biol., Paris, 
79, 1916, 1118; Cristispirclla polydorae 
Hollande, Compt. rend. Acad. Sci. Paris, 
179, 1921,1696). From a marine annelid, 
Polydora flava. 

Cristispira pusilla {Schollack) Ford. 
{Spirochaeia pusilla Schellack, Arb. kais. 
Gesundheitsamtc, SO, 1909, 379; Ford, 
Te.\tb. of Bact., 1927, 940.) From the 
digestive tract of a mussel, Anodonta 
mutabilis. 

Cristispira saxicavae (Schellack) Ford. 
(Spirochaeia saxicavae Schellack, Arb. 
kais. Gesundheitsamtc, 30, 1909, 379; 
Ford. Textb. of Bact., 1927, 940.) From 
the crystalline style of a mollusc, Saxi- 
cava arclica. 

Cristispira spicxdifera (Schellack) Di- 
mitroff. (Spirochaeia spicxdifera Schcl- 
lack, Arb. kais. Gesundheitsamtc, 50, 
1909, 379; Dimitroff, Jour. Bact., 12, 
1926, 157.) Found in mussels. 

Cristispira iapetos (Schellack) Gross. 
(Spirochaeia Iapetos Schellack, Arb. 


kais. Gesundheitsamte, SO, 1909, 379; 
Gross, Cent. f. Bakt., I Abt., Grig., 65, 
1912, 84.) From the crystalline style of 
a mollusc, Tapes decussala. 

Cristispira tenxia Dimitroff. (Jour. 
Bact., 12, 1926, 160.) Found in oysters. 

Cristispira veneris Dobell. (Quart. 
Jour. Microsc. Sci., London, 54, 1910- 
1911, 507 and ibid., 56, 1911, Part 3.) 
From a clam, Venus (Meretrix) caslra, in 
Ceylon. Identical with Cristispira baU 
bianii Gross. 

Cris/isp:re//a caviae Hollande. 
(Compt. rend. Acad. Sci., Paris, 172, 
1921, 1693.) From the intestine of a 
guinea pig. Probably a protozoan. Evi¬ 
dently the same as Heliconema (see ap¬ 
pendix to Borrelia). Both Cristispirilla 
polxjdorae and Crislisphella caviae have 
characteristics at variance with accepted 
ideas of spirochaetes. 

Spirochaeia solenis Fantham. (Ann. 
Trop. Med. and Parasitol., 5, 1911, 479.) 
A parasite of a mollusc, Solen ensis. 
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FAMILY II. TREPOXEMATACEAE SCHAUDINN. 

(Deutsche metl. Wochnschr., Si, 1905, 1728.) 

Coarse or slender spirals, 4 to 16 microns in length; longer forms due to incomplete 
or delayed division. Protoplasm with no obvious structural features. Some may 
show terminal filaments. Spirals regular or irregular, flexible or comparatively rigid. 
Some visible only with dark field illumination. Parasitic on vertebrates with few 
exceptions. Some pathogenic. Many can be cultivated. 


Key lo the genera of family Treponemataceae. 

I. Stains easily with ordinary aniline dyes. 

Genus I. Borrelia, p. 1058. 

II. Stain with difficulty except with Giemsa’s stain and silver impregnation. 

A. Strict anaerobes. 

Genus II. Treponema, p. 1071. 

B. Aerobes. 

Genus III. Leptospira, p. 1076. 


Genus I. Borrelia* Swellengrebel. 

(Swellengrcbel, Ann. Inst. Past., 21, 1907, 5S2; Spirosekaudinnia Sam^n, 
son, Tropical Diseases, August, 1907, 833; Cacospira Enderlcin, Sitzber. Ges. m • 
Freundc, Berlin, 1917, 309; Entomospira Enderlein, ibid.; Spironema Bergey e 
Manual, 1st cd., 1923, 424; not Spironema Vuillemin, Compt. rend. Acad. bci. » 
140 , 1905, 1567; Spirochaeta Gieszczykiewicz, Bull. Acad. Polonaise d. Sci. et 

Cl. Sci. Math, ct Nat., S<5r. B, 1939, 24.) ^ onirals. 

Length 8 to 16 microns. Coarse, shallow, irregular, with a few obtuse angle P 

Generally taper terminally into fine filaments. Stain easily with itic 

dyes. Refractive index approximately the same as that of true bacteria. 
upon many forms of animal life. Some are pathogenic for man, other mamm 
birds. Generally hematophytes are found on mucous membranes, borne 

mitted by the bites of arthropods. 

The type species is Borrelia anserina (Sakharoff) Bergey et al. 


1. Borrelia anserina (Sakharoff) Ber¬ 
gey et al. (Spirochaeta anserina Sak¬ 
haroff, Ann. Inst. Past., 5, 1891, 564; 
Spirillum anserum (sic) Sternberg, Man. 
of Bact., 1893, 499; Spirillum anserinum 
Mac6, Traits Pratique de Bact., 4th ed., 
1901, 1060; Spirochaeie anserina Mac^, 
ibid.; Spirosekaudinnia anserina Cas¬ 
tellan! and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 403; Spironema anserina 
Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Bergey et al.. Manual, 2nd ed., 1925, 435; 
Treponema anserina Noguchi, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928, 456.) From Latin, per¬ 
taining to geese. 


Synonyms: Spirochaeta 

Nuttall, Epidemiol. Soc., , 

1904, 12 (Spirille de la poule, ^ 
and Salimbeni, Ann. Inst. Past., 17- 

569; Spirochaeta gallmarum Stephea 
and ChLtopher, Practical Study of Nb 
laria and Other Blood ^ L- 

pool, 1905; Borrelia 623; 

grebel, Ann. Inst. Past., *1. ’ 

Spirochaeie gallinarum Lubman 
Neumann, Bakt. Diag., 4 An ^ f 

623; Spironema gallinarum Gk ^ 

Bakt., I Abt., Ong., SS, 1912, ® ^ 

schaudinnia marchouxi Cas e ^ 

Chalmers, Man. Trop. pord, 

1913 , 403; Spironema marcho _ 


♦Further revision of the genus by Prof. D. Miuray,^^UlUmj^. ®J„u„tain 
jT. Q., Canada, April, 1947. Reviewed by Dr. Gordon E. Davis, 

Laboratory, U.S.P.H.S, Hamilton, Montana 
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Textb. of Bact., 1927, 955; Spirochaeta 
gallinae Ford, idem; Treponema gallin- 
arum Noguchi, in Jordan and Falk, Newer 
Knowledge Bact. and Immun., 1928, 461; 
Treponema marchouxi Gay ct al., Agents 
of Disease and Host Resistance, 1935, 
1077). The cause of septicaemia in 
chickens. 

Spirochaeta granulosa penetrans Bal¬ 
four, Jour. Trop. Med. and Hyg., 10, 1907, 
153 (Spiroschatidinnia granulosa Balfour, 
Jour. Trop. Veter., Calcutta, 5,1910, 309; 
Spironema granulosa Ford, Textb. of 
Bact., 1927, 957). From spirochetosis of 
fowls in Sudan. 

Spirochaeta nicollei Brumpt, Bull. Soc. 
Path. Exot., $, 1909, 285 and/or Prdcis 
de Parasitol., Paris, 1st ed., 1910 (Galli- 
Valerio, Cent. f. Bakt., I Abt., Orig., 
50, 1909,189 and 61, 1912, 529; Spironema 
nicollei Ford, Textb. of Bact., 1927, 958; 
Treponema nicollei Gay ct al., Agents of 
disease and Host Resistance, 1935, 1077). 
From spirochetosis of geese in Tunisia. 

Spirochaeta neveuxi Brumpt, Bull. Soc. 
Path. Exot., 2 , 1909, 285 {Spiroschaudin- 
nia neveuxii Castellani and Chalmers, 
Man. Trop. Med., 2nd ed., 1913, 404; 
Spironema neveuxi Ford, Textb. of Bact., 
1927, 958; Treponema neveuxi Gay ct al., 
Agents of Disease and Host Resistance, 
1935, 1077). The cause of fowl spiroche¬ 
tosis in Senegal. 

Spirochaeta gallinarum var. hereditaria 
Neumann and Mayer, in Lehmann, 
Med. Atlanten, II, 1914, 276. A North 
African strain of fowl spirochetosis. 

Borrelia pullorum Redowitz, Amer. 
Jour. Med. Technol., 2 , 1936, 91. From 
diseased chickens. 

Spirochaeta anatis Parrot, Bull. Soc. 
Path. Exot,, IS, 1920, 647. Pathogenic 
for domestic ducks in Algeria. 

Morphology: 0.25 to 0.3 by 8 to 20 
microns, averaging about 1 spiral per 
micron. 

Actively motile, with lashing move¬ 
ments. 

Stains readily with aniline dyes and 
Giemsa^s stain. 


Cultivation: Can bo cultivated in 
Noguchi's ascitic fluid-rabbit kidney 
medium. 

Immunology: Antigenically distinct 
from species found in mammals. 

Arthropod vectors: Transmitted by the 
bites of ticks (-lr(;as persicus, A. minia- 
tus, A. rcjlexus and Ornithodoros mou- 
hata.) 

Pathogenic for birds but not for mam¬ 
mals. 

Source: From blood of infected geese, 
ducks, fowls and vector ticks. 

Habitat: The cause of spirochetosis of 
fowls. 

2. Borreliarecurrentis (Lebert) Bergey 
et al. (Obermeier, Berlin, klin. Woch- 
schr., 1873,152; Protomycetum recurrentis 
Lebert, Zicinssen’s Handbuch, 2 , 1874, 
267; Spirochaele obermeicri Cohn, Beitr. 
z. Biol. d. Pflanzen, /, Heft 3, 1875, 106; 
Spirillum obermeicri Zopf, Die Spalt- 
pilze, 3 -\ufl., 1885, 71; Spirochaeta ober- 
meieri Migula, in Englerand Prantl, Die 
naturl. Pflanzenfam., 1 , la, 1895, 35; 
Spirochaele recurrentis Lehmann and 
Neumann, Bakt. Diag., 4 Aufl., 2 , 1907, 
621; Spirochaeta recurrentis Castellani 
and Chalmers, Man. Trop. Med., 1st ed., 
1910, 305; Spironema recurrentis Gross, 
Cent. f. Bakt., I Abt., Orig., 65, 1912, So; 
Spiroschaudinnia recurrentis Castellani 
and Chalmers, Man. Trop. Med., 2nd ed., 
1913,398; Spironema obermeicri Park and 
Williams, Pathogenic Microorganisms, 
6th ed., 1917, 513; Cacospira recurrentis 
Enderlein, Sitzungsber. d. Gesellsch. 
naturf. Freunde, 1017, 313; 7Vcpo/icma re- 
currentis Brumpt, Nouveau Traits de 
Mddecine, Paris, 4, 1922, 508; 7'reponema 
obermeicri Brumpt, ibid.; Cacospira ober- 
meieri Enderlein, Bakterien-Cyclogonie, 
1925, 254; Bergey et ah. Manual, 2nd ed., 
1925, 433; Spirillum recurrentis Ford, 
Textb. of Bact., 1927,948; Spiroschaudin¬ 
nia obermeieri Ford, ibid.) From Latin, 
recurring. 

Cylindrical or slightly flattened, 0.35 
to 0.5 by 8 to 16 microns, with pointed 
ends. 
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Spiral amplitude 1.5 microns. 

Spirals large, wavy, inconstant, about 
5 in number. 

Terminal finely spiral filaments 
present. 

Highly motile end portion absent. 

Motility: By active cork-screw motion 
without polarity. Lashing movements 
common in drawn blood. 

Stains with common aniline dyes. 
Gram-negative. Violet wdth Giemsa’s 
stain. 

Bile salts (10 per cent): Disintegration 
complete. 

Saponin (10 per cent): Immobilized in 
30 minutes, then broken up in a few hours. 
In some a skeletal structure remains. 

Cultivation; Can be cultured in ascitic 
or hydrocoel fluid to which a piece of 
sterile rabbit kidney is added. Optimum 
reaction pH 7.2 to 7.4. 

Immunology: Serum does not agglu¬ 
tinate Borrelia dutloni. 

Accidental and experimental transmis¬ 
sion by conjunctival sac and skin abra¬ 
sions. 

Disease in experimental animals (small 
rodents after monkey passage) mild. ■ 

Arthropod vector: Louse {Pediculus 
humanus) which exhibits normal trans¬ 
mission from the 16th to the 28th day. 
Found in the bed-bug {Cimex lectularius) 
and ticks, but not transmitted by them. 
No evidence of hereditary transmission 
in the louse. 

Habitat: The cause of European re¬ 
lapsing fever. Transmissible to man, 
monkeys, mice and rats. 

3. Borrelia duttonli (Novy and Knapp) 
Bergey et al. (Dutton and Todd, 
British Med. Jour., 2, 1905, 1259; Spiril- 
lum dultoni Novy and Knapp, Jour. 
Infect. Dis., S, March 18. 1906, 296; 
Spirochaela duUoni Breinl, Lancet, 
I, June 16, 1906, 1690; Spirochaele 
duUoni Lehmann and Neumann, Bakt. 
Diag., 4 Aufl., 2, 1907, 623; Sptronema 
dutioni Gross, Cent. f. Bakt., I Abt., 
Orig., 65, 1912, 94; Spirochaela Micro^ 


spironema duUoni Duboscq and Lebailly, 
Compt. rend. Acad. Sci., 1912, 662; 
Spiroschaudinnia dutloni Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913, 399; Treponema duUoni Brumpt, 
Nouveau Traitd de Mddecine, Paris, 
1922, 497; Cacospira dultoni Enderlein, 
Bakterien-Cyclogcnie, 1925, 254; Bergey 
et al., Manual, 2nd ed., 1925, 434.) 
Named for Dutton, who discovered this 
organism. 

Morphology; Similar to Borrelia recur- 
rentis. 

Cultivation: Growth occurs under 
anaerobic conditions in serum water, 
hydrocoel or a.scitic fluid to which a piece 
of sterile rabbit kidney is added. 

Immunology; This organism is anti- 
genically distinct from other causes o 
relapsing fever. 

Pathogenic for mice and rats. Disea^ 
in small rodents and many other experi¬ 
mental animals very severe. 

Arthropod vector: This species is 
transmitted to man through the bite o 
the tick (Orniihodoros moubata) by fcca 
contamination of the bite. In the tic 
the organism goes through some granu 
tion or fragmentation phenomenon, c 
nature of which is not understood. 
Hereditary transmission to at least c 
third generation of the tick. Not trans 

mitted by the louse. , 

Habitat: The cause of Central 

South African relapsing fever. 


Borrelia kochii (Novy) Bergey 

rocAaefa ArocAi Novy, Proc. Pat ■ 

xdel.. N. S. 10. 1907. 1; 

Nuttall, Jour. Roy. ■ 

th, London. 16. 1908. .3&>i 
\jtdinnia rossii Castellani an 
I, Man. Trop. Med.. 2nd ed.. 9W, 

Spironema kochii 

Med.. *r. 1918. 584; 

! Brumpt. Nouveau Trait5 de . 

Paris. 4,19^, 49T; 
apt. ibid.; Bergey et al., 
ed., 1925, 484; Borreba ^ 

Insect Microbiology, l^o, 
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Named for Koch, who first observed 
spirochetes in East African relapsing 
fever. 

Morphology: Similar to that of Borrdia 
recurrentis. 

Cultivation: Same as for Borrelia re- 
currenlis. 

Immunology: Antigenically distinct 
from both Borrelia recurrenth and B. 
dutlonii. 

Pathogenic for mice and rats. 

Arthropod vector: No record. 

Habitat: The cause of African relapsing 
fever. 

5. Borrelia novyi (Schellack) Bergey 
et al. {Spirochaete from relapsing fever, 
Norris, Pappenheimer and Flournoy, 
Jour. Inf. Dis., 5, 1906, 266; Spirochaela 
novyi Schellack, Arb. kaiserl. Gesund- 
heitsamte, 27, 1907, 199 and 364; Spiro- 
nema novyi Gross, Archiv f. Protistenk., 
24t 1912, 115; Spiroschaudinnia novyi 
Castellani and Chalmers, Man. Trop. 
Med., 2nd ed., 1913, 400; Treponema 
novyi Brumpt, Nouveau Traits de M^de- 
cine, Paris, 4, 1922, 508; Cacospira novyi 
Enderlein, Bakterien-Cyclogonie, 1925, 
254; Bergey et al., Manual, 2nd ed., 1925, 
434.) Named for Novy, the American 
bacteriologist. 

Morphology: Similar to that of Borrelia 
recurrenlU. 

Cultivation: Same as for Borrelia re- 
cuTtenlis. 

Immunology: Antigenically distinct 
from other relapsing fever organisms. 

Pathogenic for monkeys, white rats 
and white mice. 

Arthropod vector: Unknown. 

Habitat: Recovered from a patient in 
Bellevue Hospital, New York. Origin 
of infection unknown. 

6. Borrelia berbera (Sergent and Fo¬ 
ley) Bergey et al. {Spirochaela herhera 
Sergent and Foley, Ann. Inst. Past., 24t 
1910, 337; Spiroschaudinnia berbera Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 402; Spironema berbera 


Noguchi, Jour. Exp. Med., 27, 1918, 58-1; 
Spirochaela berbera Kolle and lietsch, 
Exper. Bakt. u. Infekt., 6 Aufi., 1 , 1922, 
811; Treponema berberum Brumpt, Nou¬ 
veau Traitd de Mddecine, Paris, 4, 1022, 
496; Bergey et al., Manual, 2nd ed., 1925, 
435.) Named for the Berbers, a tribe of 
Northern Africa. 

Morphology: More tenuous than other 
relapsing fever organisms, 0.2 to 0.3 by 
12 to 24 microns. 

Cultivation: No record of its cultiva¬ 
tion. 

Immunology: Antigenically distinct 
from Borrelia recurrentis. 

Arthropod vector: Possibly carried by 
the louse {Pediculus vestimenti). 

Source: Found in cases of relapsing 
fever in Algiers, Tunis and Tripoli. 

Habitat: Cause of relapsing fever in 
North Africa. Is virulent for monkeys. 
Produces non-fatal infections in rats and 
mice. 

7. Borrelia carterl (Mackie) Bergey et 
al. {Spirochaela carleri Mackie, Ann. 
Trop. Med. and Parasitol., /, 1907, 157 
and Indian Med. Gazette, 44 , 1908, 370; 
Spirillum carleri Mackie, I.*ancet, 2 , 1907, 
832, according to Ford, Textb. of Bact., 
1927, 950; Spiroschaudinnia carleri Cas¬ 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 401; Spironema carleri 
Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Treponema carleri Brumpt, Nouveau 
Traitd de Mddecine, Paris, 4. 1922, 497; 
Bergey et al.. Manual, 2nd ed., 1925, 
435.) Named for Carter, who in 1879 
described this organism in the blood of 
patients with Indian relapsing fever. 

Morphology: Similar to Borrelia ber¬ 
bera. 

Cultivation: Not recorded. 

Immunology: Probably a distinct spe¬ 
cies. A succession of distinct serological 
types occurs with the relapses in a single 
infection (Cunningham et al., Far East¬ 
ern Association of Tropical Medicine, 
Tokyo, 1925; Indian Journal of Medical 
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Research, 22, 1934-1935, 105 and 595; 
ibid., 24, 1937, 571 and 581). 

Arthropod vector: Carried by either 
Fediculus vestimenli or Cimex rotnndatus 
or by both. 

Habitat: The cause of Indian relapsing 
fever. Transmissible to monkeys, rab¬ 
bits, rats and mice. 

8. Borrelia theileri (Laveran) Bergey 
et al. [Spirochaeta iheileri Laveran, 
Compt. rend. Acad. Sci., Paris, 136, 
1903, 939; Spiroschaudinnia Iheileri Cas- 
tellani and Chalmers, Man. Trop. Med., 
2nd cd., 1913, 404; Spirunema theileri 
Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Bergey et al., Manual, 2nd ed., 1925, 435; 
Spirillum theileri and Spirochaete theileri 
Pettit, Contribution a I'fitude dcs Spiro- 
ch^tidt^s, Vanves, II, 1928; Treponema 
theileri Noguchi, in Jordan and Falk, 
Newer Knowledge Bact. and Immun., 
1928, 461.) Named for Theiler, who 
discovered this organism in 1902 in 
Transvaal, South Africa. 

Morphology: 0.25 to 0.3 micron by 20 
to 30 microns with pointed ends. 

Cultivation: No record. 

Immunology: Is distinct from the spe¬ 
cies infecting man. 

Arthropod vector: Transmitted by the 
lick {Rkipicephalus decolorntus). 

Source : Blood of cattle. 

Habitat; Blood of cattle and other 
mammals in South Africa. 

9. Borrelia glossinae (Novy and 
Knapp) Bergey et al. {Spirillum glossi- 
nae Novy and Knapp, Jour. Inf. Dis., 5, 
1906, 385; Spirochaeta glossinae Cas¬ 
tellan! and Chalmers, Man. Trop. Med., 
1st ed., 1910, 310; Spiroschaudinnia 
glossinae Castellani and Chalmers, ibid., 
3rd ed., 1919, 454; Spironema glossinae 
Bergey et al., Manual, 1st ed., 1923, 425; 
Bergey et al., Manual, 2nd ed., 1925,435; 
Entomospira glossinae Enderlein, Bak- 
terien-Cyclogenie, 1925, 254; Treponema 
glossinae Ford, Textb. of Bact., 1927, 


988.) Named for the genus of insects, 
Glossina. 

Morphology: 0.2 by 8.0 microns, oc¬ 
curring singly, sometimes in pairs. Gen¬ 
erally 4 spirals. Shorter, narrower and 
has more turns than has Borrelia recur- 
reniis. 

Habitat: Found in the stomach con¬ 
tents of the tse-tse fly (Glossina paT 
palis). 


10. Borrelia buccale (Steinbe^) 
Brumpt. (Spirochaeta buccalis Stein¬ 
berg, 1862, according to Hoffmann and 
Prowazek, Cent. f. Bakt., I Abt., Orig., 
41, 1006, 819; Spirochaete cohnii Winter, 
Die Pilze, 1879, 61; (?) Microspira buc¬ 
calis Lewis, The Lancet, 1884, quoted 
from Schroeter, in Cohn, Krj'ptog- Flora 
v. Schlesien, S, 1, 1889, 169; Spirochaete 
buccalis, quoted from Schroeter, -i 
168; Spirillum cohnii Trevisan, I gcneri 
e le specie delle Batteriacee, 1889, * 

Spirillum buccale Mac6, Traits Pratique 
de Bact., 4th ed., 1901, m 2 ; Spirochaeta 
inaequalis Gerber, Cent. f. Bakt., I > 
Orig., 56, 1910, 508; Spirochaeta undu- 
lata Gerber, idem-, Treponema 
Dobell, Arch. f. Protistenk., 26, m > 
117; Spironema buccale Gross, Cent. • 

Bakt., I Abt., Orig., 65, 
schaudinnia buccalis Castellani an 
mers, Man. Trop. Med., 3rd ' ’ 

450; Brumpt, Nouveau Traits de M 
cine, Paris, 4, 1922, 495; Treponema in- 

Brumpt, 

dulatum Brumpt, ibid., 5H.; 


Latin buccalis, buccal. . 

Morphologj': 0.4 to 0.9 ^ ® . 

crons. The largest of the mouth sp 

chetes. ♦afinir 

Motility: Active, serpentine, rota 

ind flexuous. j^^-and 

Stainine: Stains with aniline dye 


[et with Giemsa's stoin. 
tivation: Has not been «*>tained 
culture and probably does no 
T medium tried to date. . 
jitat: In normal mouths an 


membrane. 
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11. Borreliavincentii (Blanchard) Ber- 
gey et al. {Spirochaefa vincenii Blan¬ 
chard, Arch. f. Protistenk., 10, 1906, 129; 
Spirochaeta schaudinni Prowazek, Arb. 
kaiserl. Gesundlieitsamte, 22, 1907, 23; 
Spirochaeie plaut-vincenti Lehmann and 
Neumann, Bakt. Diag., 5 Aufl., 2, 1912, 
579; SpiToschaudinnia vincenti Castel¬ 
lan! and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 402; Spiroschaudinnia 
schaudinni Castellani and Chalmers, 
idem; Spironema vincenii Park and 
Williams, Pathogenic Microorganisms, 
6th ed., 1917, 506; Treponema vincenii 
Brumpt, Nouveau Traits de Mddecine, 
Paris, 4) 1922,514; Treponema schaudinni 
Brumpt, idem; Bergey et al., Manual, 
2nd ed., 1925, 435.) Named for Vincent, 
the French bacteriologist. 

Morphology: 0.3 by 8 to 12 microns, 3 
to 8 irregular shallow spirals. Stains 
easily with the common aniline dyes and 
is Gram-negative. 

Motility: Has a rapid progressive and 
vibratory motion. 

Cultivation: Can be cultivated under 
anaerobic conditions. Cultures may 
show long forms with only a writhing 
motion. 

Not pathogenic for laboratory animals. 

Habitat: Found on normal respiratory 
mucous membrane and is associated with 
a fusiform bacillus {Fusobacterium 
plauti-vincenli) in Vincent’s angina. 

12. Borrella refrlngens (Schaudinn 
and Hoffmann) Bergey et al. {Spiro¬ 
chaeta refringens Schaudinn and Hoff¬ 
mann, Arbeiten kaiserl. Gesundheits- 
amte, SS, 1905, 628; Spirochaeta refrin¬ 
gens Hoffmann and Prowazek, Cent. f. 
Bakt., I Abt., Grig., 41, 1906 , 742; Spiro¬ 
nema refringens Gross, Arch. f. Protis¬ 
tenk., 24, 1912, 115; Spiroschaudinnia 
refringens Castellani and Chalmers, Man. 
Trop. Med., 3rd ed., 1919, 459; Trepo¬ 
nema refringens Castellani and Chalmers, 
ibid., 461; Bergey et al., Manual, 2nd 
ed., 1926, 436.) From Latin, refractive. 

Morphology: 0.5 to 0.76 by 6 to 20 mi¬ 
crons. Spirals are coarse and shallow. 


Spirals are generally smoothly rounded 
and regular, tapering towards the end 
into a fine projection. Stains easily by 
common dyes. In stained specimens the 
spirals appear irregular. 

Motility: Active serpentine and rotat¬ 
ing motion with marked flexion. 

Cultivation: Uncertain. 

Pathogenicity: None. 

Source: Found with Treponema palli¬ 
dum in some cases of syphilis as orig¬ 
inally described by Schaudinn. 

Habitat: Genital mucous membranes 
and necrotic lesions of the genitalia of 
man. 

13. Borrella hyos (King and Drake) 
Bergey et al. (Hog cholera virus. King 
and Baeslack, Jour. Inf. Dis., 12, 1913, 
39; Spirochaeta suis King, Baeslack and 
Hoffmann, Jour. Inf. Dis., 12, 1913, 235; 
not Spirochaeta suis Bosiinquet, Spiro¬ 
chetes, Saunders, 1911; Spirochaeta hyos 
King and Drake, Jour. Inf. Dis., 16, 1915, 
54; Spironema hyos Bergey et al.. Manual, 
1st ed., 1923, 426; Bergey et al.. Manual, 
2nd ed., 1925, 436; Spironema suis Ford, 
Textb. of Pact., 1927, 959.) From 
Greek, hog. 

Morphology: 1 micron by 5 to 7 microns. 
Distinctly shorter and thicker than other 
members of the genus. 

Motility: Active spinning motion, 
spirals fixed. 

Cultivation: Grows under anaerobic 
conditions in the presence of tissue. 

Habitat: Found in the blood, intestinal 
ulcers and other lesions of hogs suffering 
from hog cholera. 

14. Borrella hermsi (Davis) Steinhaus. 
{Spirochaeta hermsi Davis, Amer. Assoc. 
Adv. Sci., Pub. No. 18, 1942, 46; Stcin- 
haus, Insect Microbiology, 1946, 453.) 

Investigations by Davis {loc. cil.) indi¬ 
cate that each species of Ornithodoros 
that is a relapsing fever vector carries a 
spirochete that is tick-host specihe and 
that this host-specific relationship offers 
a more accurate approach to the differen¬ 
tiation of relapsing fever spirochetes 
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than any of the several criteria pre¬ 
viously used. 

This was shown to be the case for 
Borrelia hermsi and Borrelia parkeri. 
For this reason no attempt is made to 
describe the morphology and other char¬ 
acters of the relapsing fever spirochetes 
of North and South America. 

Borrelia herinsi is transmitted by 
Ornilhodoros hermsi. 

A cause of relapsing fever in the West¬ 
ern part of the U. S. A. 

15. Borrelia parkeri (Davis) Steinhaus. 
{Spirochaela parkeri Davis, loc. cil.\ 
Steinhaus, loc. cil.) 

Transmitted by Ornilhnodoros parkeri. 

A cause of relapsing fever in the West¬ 
ern part of the U. S. A. 

16. Borrelia turicatae (Brumpt) Stein¬ 
haus. {Spirochaela luricalae Brumpt, 
Comp. rend. Soc. Biol., Paris, 113, 
1933, 1369; Steinhaus, loc. cit.) 

Transmitted by Ornilhodoros turicata. 

A cause of relapsing fever in Me.xico, 
Texas and nearby areas. 

17. Borrelia venezuelensis Brumpt. 
{Treponema venezuelensis Brumpt, Nou¬ 
veau Traits de M(*decine, Paris, 4. 1921, 
492; Brumpt, ibid., 495; Spirochaela ven¬ 
ezuelensis Pettit, Contributions ^ l’£tude 
des Spiroch6tid^s, Vanves, 2,\02S, 295.) 

Transmitted by Ornilhodoros rudis 
{0. venezuelensis). 

A cause of South American relapsing 
fever. 

Brumpt (Precis de Parasitologic, 3rd 
ed., Paris, 1936) regards this species as 
identical with Borrelia neotropicalis 
(Bales, Dunn and St. John) Steinhaus. 
{Treponema neotropicalis Bates, Dunn 
and St. John, Amer. Jour. Trop. Med., 
/, 1921, 183; Spirochaela neotropicalis 
St. John and Bates, Amer. Jour. Trop. 
Med., 2, 1922, 251; Steinhaus, loc. cil.) 
Transmitted by Ornilhodoros venezuelen¬ 
sis. A cause of relapsing fever in 
Panama. 


Appendix: Many of the species in¬ 
cluded in this appendix are so inade¬ 
quately described that it is not certain 
that they belong in this group. 

Borrelia pkagedenis (Noguchi) Bergey 
et al. {Spirochaela pkagedenis Noguchi, 
Jour. Exp. Med., 16, 1912, 261; Spiro- 
schaudinnia pkagedenis Castellani and 
Chalmers, Man. Trop. Med., 2nd ed., 
1913,403; Treponema pkagedenis Brumpt, 
Nouveau Traitd de M^decine, Paris, 
1922, 511; Spironema pkagedenis Bergey 
etal., Manual, 1st ed., 1923, 426; Bergey 
et al.. Manual, 2nd ed., 1925, 435.) 

From phagedenous ulcer. 

Heliconema pyrphoron Scholer. 
(Cent. f. Bakt., I Abt., Orig., 1S8, 1937, 
342.) From human blood. Pathogenic. 

Heliconema vincenti Sanarelli. (.'\nn- 
Inst. Past., 47, 1927, 701.) From the in¬ 
testine of a guinea pig. Shows ^ 

tween spirochetes and fusiform haci i^ 
(See Kindle, Med. Ues. Council Syst. of 


Bact., 8, 1931, 130.) . 

Microspironema merlangi Duboscq mu 
Lebailly. (Compt. rend. Acad. bci. 
Paris, 154, 1912,662.) From the whiting, 
Merlangus merlangus. May ® 


yin of Spirochaela gadi. 

Spirillum gondii Nicolle. 
impt. rend. Soc. Biol., Paris, ^ , ’ 

i; Spirochaela gondi Zuelzer, 1 » 

owazek, Handb. d. path. Protoz-, • 
51, 1680.) Found in the blood 0 
lent, Clenodaclylus gondi. Not pa^ ' 
lie. Associated with a piropa 
obably not a spirochete. 

Spirillumlalapiei Laveran. 

irockaeta lalaptei Zuelzer, » 
owazek, Handb. d. 

51,1683;5p»ronemafoMp»ci ( 31 c) _ 

xtb. of Bact., 1927, 984.) From the 
K)d of a shark. , 

’''f ",Thwt 

J; Spirochaela pithed Zuelz^» 

Handb. d. p»‘»- 
II, 1676; Sjnronema 
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Textb. of Bact., 1927, 961.) From the 
blood of an African monkey, Ccrcopithe- 
cus patas. Pathogenic for monkeys, rats 
and field mice. Closely related to Bor- 
Telia duUonii. 

Spirochacla aboriginalis Cleland. 
(Cieland, Jour. Trop. Med., 12, 1909,143; 
Spiroschaudinnia aboriginalis Castellani 
and Chalmers, Man. Trop. Med., 2nd 
ed., 1913, 402; Treponema aborigiualis 
Brumpt, Nouveau Trait(^ do M6decine, 
Paris, 1922, 49i.) Found in cases of 
granuloma inguinale in West .Vustralia. 
Probably saprophytic. 

Spirochaeta acuminata Castellani. 
(Castellani, Brit. Med. Jour., 2, 1905, 
1330; Spirochaeta tenuis acuminata Cas- 
tellani, idem and/or Arch. f. SchilTs* u. 
Tropenhyg., 12, 190S, 311; Spiroschaudin¬ 
nia acuminata Castellani and Chalmers, 
Man. Trop. Med., 3rd cd., 1919, 449; 
Treponema acuminatum Brumpt, Nou¬ 
veau Trait«5 de Mddecine, Paris, 4, 1922, 
496.) From ulcerated lesions of yaws. 

Spirochaeta acuta Kritchewski and 
S6guin. (Rev. de Stomatol., 22, 1920, 
613.) From the oral cavity. 

Spirochaeta aeglcfini Henry. (Jour. 
Path, and Bact., 18, 1913, 222.) From 
haddock. 

Spirochaeta aegyptica Gonder. (Gen¬ 
der, in Prowazek, Handb. d. path. Pro- 
toz., 6, 1914, 671; Spironema aegyptica 
Noguchi, Jour. Exp. Med., 27, 1918, 584; 
Treponema egypticum Brumpt, Nouveau 
Traitd de Mddecine, Paris, 4. 1922, 500; 
Borrelia aegypticum Steinhaus, Insect 
Microbiology, 1946, 452.) Observed in 
cases of relapsing fever in Sudan. Prob¬ 
ably a synonym of Borrelia recurrentis. 

Spirochaeta ambigua Sdguin and Vin- 
zont. (Sdguin and Vinzent, (Jompt. 
rend. Soc. Biol., Paris, 121, 1936, 408; 
Treponema ambigua Prdvot, Man. Class, 
et Determ. d. Baetdries Anadrobies, 
Paris, 1940, 208.) From the oral cavity 
andtholungs. Pathogenic. Strictanae- 
robe. 

Spirochaeta amphibiae YakiinofT and 
Miller. (Bull. Soc. Path. Exot., 18, 1925, 


306.) From the intestines of frogs, Rana 
temporaria. 

Spirochaeta argentinensis Kuhn and 
Steiner. (Kuhn and Steiner, Med. 
Klin., IS, 1917, 1007; Spirochaeta poly- 
sclerotica Arzt and Kerl, according to 
Pettit, Contribution h I’Ktude tics Spiro- 
eh^tidds, Vauves, II, 1928, 134; Trep¬ 
onema (?) argenlinensis Noguchi, in 
.Jordan and Falk, Newer Knowledge Bact. 
and Immun., 1928, 478.) From tlie livers 
of guinea pigs and rabbits inoculated with 
blood from patients having multiple 
.sclerosis. Pathogenic for man, monkeys, 
dogs, rabbits and guinea pigs. Named 
for tlie Latin name of the town of Stras- 
l)ourg (Argentoralum). 

Spirochaeta balanilidis Hoffmann and 
Prowazek. (HolTmann and Prowazek, 
Cent. f. Bakt., I Abt.,Orig., 4 /, 1906, 741; 
Spiroschaudinnia balanilidis Castellani 
and Chalmers, Man. Trop. Med., 2nd ed., 
1913, 404; Spironema balanilidis Park 
and Williams, Pathogenic Micro¬ 
organisms, 6tli ed., 1917, 505; Treponema 
balanilidis Brumpt, Nouveau Traitd 
de M^decine, Paris, 4, 1922, 496.) From 
a case of balanitis. 

Spirochaeta bovis-caffris Nuttall. 
(Nuttall, Parasitology, $, 1910, 108; 
Spironema bovis-caffris Ford, Textb. of 
Bact., 1927, 960.) From the blood of a 
buffalo. 

Spirochaeta bronchialis Castellani. 
(Castellani, Ceylon Medical Reports, 
1907; Spiroschaudinnia bronchialis Cas- 
tcllani and Chalmers, Man. Trop. Med., 
2nd ed., 1913, 402; Treponema bi-onchialc 
Brumpt, Nouveau Traitd de Mddecine, 
Paris, 4> 1922, 496.) Found in cases of 
bronchitis in Ceylon. A mixture of sev¬ 
eral species of mouth spirochaetes is ap¬ 
parently described under this designation. 

Spirochaeta bucco-pharyngei Macfie. 
(Macfie, Ann. Trop. Med. and Parasitol., 
10, 1916, 329; Treponema bucco-pharyngei 
Brumpt, Nouveau Traitd de M^decine, 
Paris, 4 . 1922, 497.) From the throat of 
a native of the Gold Coast. May be 
identical with Spirochaeta deniium or 5. 
buccalia. 
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Spii'ochaeta bufonis Dobell. {Dobell, 
Quart. Jour. Microsc. Sci., 52, 1908, 121; 
Spiroschaudinnia bufonis Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919,454; Spironema bufonis Ford, Textb. 
of Bacf., 1927, 986; Treponema bufonis 
Ford, ibid.) From the intestines of a 
toad, Bufo vulgaris. 

Spiroehaela caesirae returtiformis Hell- 
mann. (Arch. f. Protistenk., 29, 1913, 
22.) From the urinary sac of a tunicate, 
Caesira retortiformis. 

Spiroehaela caesirae septenlrionalis 
Hellmann. (Arch. f. Protistenk., 29, 
1913, 22.) From the urinary SJic of a 
tunicate, Caesira seplentrionalis. 

Spiroehaela canina Bosselut. (Bull. 
Soc. Path. Exot., 18, 1925 , 702.) From 
the blood of a dog. 

Spiroehaela canis Macfie. (Ann. Trop. 
Med. and Parasitol., 10, 1916, 305.) 
From dog feces. 

Spiroehaela cobayae Knowles and Basu 
(Knowles and Basu, Indian Jour. Med. 
Res., 22, 1935, 449; Treponema cobayae 
Topley and Wilson, Princip. Bact. and 
Immun., 2nd ed., 1936, 725; Borrelia 
cobayae Steinhaus, Insect Microbiology, 
1946, 454.) From the blood of guinea 
pigs. Blood parasite belonging to the 
relapsing fever group. Pathogenic for 
guinea pigs, rabbits and white rats. 

Spiroehaela comandoni S^guin and 
Vinzent, (S^guin and Vinzent, Compt. 
rend. Soc. Biol., Paris, 121, 1936, 408; 
Treponema comandoni Pr^vot, Man. 
Class, et Determ. d. Bact^ries Ana^ro- 
bies, Paris, 1940, 208.) From the oral 
cavity. Rather common. Non-patho- 
genic. Strict anaerobe. 

Spiroehaela crocidurae Leger. (Leger, 
Bull. Soc. Path. Exot., 10, 1917 , 280; 
Treponema crocidurae McFarland, Patho¬ 
genic Bacteria and Protozoa, 2nd ed., 
1933, 136.) From a shrew-mouse, Crocj- 
dura slampflii, in Senegal. Transmitted 

by Ornithodoros erraticus. 

Spiroehaela clenocephali Patton. 
(Patton, Ann. Trop. Med. and Parasitol., 
6, 1912, 357; Treponema clenocephali 
Ford, Textb. of Bact., 1927, 989.) Para- 


sitic in the digestive tract of the larvae 
of the Indian cat-flea, Ctenocephalus 


felis. 

Spiroehaela cubensis Hoffman. (Sani- 
dad y Beneficienca Boletin oficial, Ha¬ 
vana, 28, 1923, 76.) From the feces of 

Hyla septenlrionalis. 

Spiroehaela culicis Jaff^. (Jaff^, Arch, 
f. Protistenk., 9, 1907, 100; Spironema 
culicis Gross, Cent. f. Bakt., I Abt, 
Grig., 65, 1912, 87; Enlomospira cuhas 
Enderlein, Sitzungsber. Ges. Naturf. 
Freunde, Berlin, 1917, 313; 

schaudinnia culicis Castellani and a 
mers, Man. Trop. Med., 3rd ed., 191h 
454; Spirillum culicis Pringault, Compt. 
rend. Soc. Biol., Paris, 8^, ’ 

Treponema culicis Ford, Textb. of ■* 
1927, 989.) Found in the intestines an 
Malpighian tubules of mosquito larvae, 


dex sp. 

Spiroehaela didelphis Vianna, de Hg ' 
-edo and Cruz. (Brasil-Medico, 2 > 

12, 912.) From the blood of an opo - 

m, Didelphis aurila. . . 

Spiroehaela equi (Novy Knappi 

istellani and Chalmers. 
ui Novy and Knapp, Jour. Inf. . 
9106, 294; Castellani and Cha - 
an. Trop. Med., 1st ed., 1 10; 

nroochaudinnia equi Castellan, and 

,aimers, Man. Trop. Med., 2nd ed. 

13, 404; Spironema equi ’ ° ■ 

cp. Med., n, 1918 .5»4; rrepnnrmn « ^ 

Jguchi, in Jordan and “ ’ ^g, ) 

sowledge Bact. and Immun., 1928, 

„m the blood of a horse. May 

entioal with Borrelia ^ 

Spiroehaela equxna. (Ho ’ 

,n>p. Pathol, and Therap., 19.1^^^ j 

,oted from Pettit, ,^ntf “Uo 


ochaela eurygyrata 

;ent. f. Bakt., I Abt., Ong, 
241; 'Splr.me'na ™rp^«f 
hi. Jour. Exp. Med., ^ 

chaudinnia eurygyrata ^ 

aalmers. Man. Trop. « •. 

,51; 

id Chimers, tbtd., B 
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gyrata Brumpt, Nouveau Trait(5 de Mdde- 
cine, Paris, 4. 1922, *195; Treponema 
eurygyraium Brumpt, ibid., 50.) From 
the intestinal contents of man. 

Spirochaeta exanthemalotyphi Futaki. 
(Futaki, Brit. Med. Jour., Oct. 13. 
1917; Treponema exanthemalotyphi Sa- 
vini, Compt. rend. Soc. Biol., Paris, 88, 
1923, 958.) Found in the kidneys and 
urine of cases of exanthematous typhus. 
Non*pathogenic. 

Spirochaeta febris Chester. (Afanas- 
siew, Cent. f. Bakt., I Abt.,.25,1899,405; 
Chester, Man. Determ. Bact., 1901,347.) 
From a case of recurrent fever. 

Spirochaeta gadi Neumann. (Neu¬ 
mann, Ztschr. f. Hyg., 6^, 1909, 79; 
Microspironema gadi Duboscq and Be- 
bailly, Compt. rend. Acad. Sci. Paris, 
164, 1912, 662; Treponema gadi Dubosc(| 
and Lebailly, Arch. zool. expdr. et g<5n^r., 
10, 1912, 331; i.Sp(ronema gadi Ford, 
Textb. of Bact., 1927, 964.) From the 
blood of a sea fish, Gadus miniUus. 

Spirochaeta gallica Couvy and Dujar- 
ric de la Rividre. (Couvy and Dujarric 
de la Rividre, Compt. rend. Soc. Biol., 
Paris, 81, 1918, 22; Treponema gallicum 
Brumpt, Nouveau Traitd de Mddecine, 
Paris, 4t 1922, 500.) From the blood of 
trench fever patients. 

Spirochaeta gangraenac carcinomatosae 
Hoffmann. (Berl. klin. Wochnschr., 4^, 
1905, 880.) From malignant tumors. 

Spirochaeta gangraenosa nosocomialis 
R6na. (R6na, Verhandl. d. deutsch. der- 
inat. Gesellsch., 9, 1907, 471; Treponema 
gangraenosa nosocomialis Noguchi, Jour. 
Exp. Med., 16, 1912, 261.) From ulcers 
of the genital region. 

Spirochaeta haemophilus Trosier and 
Sifferlen. (Ann. Inst. Past., 58, 1937, 
233.) From a child with intestinal trou¬ 
ble and continuous fever. 

Spirochdeta hispanica de Buen. (De 

Buen, Ann. Parasitol.,4, 1926,185; Trep- 

onema hispanicum Noguchi, in Jordan 
and Falk, Newer Knowledge Bact. and 
Immun., 1928, 481; Spirochaeta maro- 
canum Nicolle and Anderson, Compt. 


Spirochaeta hispanicum var. marocanum 
Nicolle, Anderson and Colas-Belcour, 
Arch. Inst. Past. Tunis, 18, 1929, 343; 
Treponema hispanicum var. marocanum 
Cay et al., Agents of Disease and Host 
Resistance, 1935, 1074; Borrelia his¬ 
panicum iSteinhaus, Insect Microbiology, 
1946, 453.) The cause of Spanish and 
Moroccan relapsing fever. Transmitted 
by Ornilhodoros murocanus. Not ag¬ 
glutinated by serum of Borrelia recur- 
rentis. Pathogenic for man and 
laboratory animals. 

Spirochaeta intestinalis Maefic and 
Carter. (Macfie and Carter, Ann. Trop. 
Med. and Parasitol., II, 1917, 79; Trep¬ 
onema intestinak Brumpt, Nouveau 
Traitd de Mddecine, Paris, 4, 1922, 505.) 
From human feces. 

Spirochaeta jonesii Dutton, Todd and 
Tobey. (Dutton, Todd and Tobey, Jour. 
Med. Res., 15 (N.S. 10), IflOG, 491; 
Spironema jojiesii Ford, Textb. of Bact., 
1927, 964.) From the blood of an African 
mudfish, Glorias angolensis. 

Spirochaeta lagopodis Fantliam. (Fan- 
tham, Proc. Zool. Society, Ijondon, 1910, 
692; Spironcma lagopodis Noguchi, ac¬ 
cording to Pettit, loc. cit.) From the 
blood of the grouse, Lagopus scoticus. 

Spirochaeta leucotermitis Hollandc. 
(.\rch. zool. expdr. et gdn., 61, 1922, 23.) 
From an insect, Leucotermes lucifugus. 

Spirochaeta lovati Fantham. (Proc. 
Zool. Society, Ix)ndon, 1910.) From the 
intestinal contents of the grouse, Lagopm 
scoticus. 

Spirochaeta lowenthali Besson. (Bes¬ 
son, p. 736, according to Ford, Textb. of 
Bact., 1927, 1001.) From malignant 
tumors. 

Spirochaeta lulrae Prowazek. (Pro- 
wazek, Arb. kaiserl. Gesundheitsamte, 
26, 1907,31; Spiroschaudinnia lutrae Cas- 
tellani and Chalmers, Man. Trop. Med., 
2nd ed., 1913,404; Spironema lutrae Ford, 
Textb. of Bact., 1927, 961.) From the 
blood of an otter, Lutra sp. 


Spirochaeta Ixjmphaticus Proescher and 
White. (Proescher and White, Jour, 
rend. Acad. Sci. Paris, 187, 1928, 747;Amer. Med. Assoc., 49, 1907, 198 8; 
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Treponema hjniphaticum Brumpt, Nou¬ 
veau Traif(^ de M(^decine, Paris, 4, 1922, 
500.) From cases of lymphatic leukemia. 
Pathogetiic for guinea pigs, rats and 
monkeys. 

Spirochneia macori Casteliani and 
Chalmers. (Casteliani and Chalmers. 
1008, see Casteliani and Chalmers, Man. 
Trop. Med., 1st ed., 1910, 310; Spiro- 
schaudinnia macaci Casteliani and Chal¬ 
mers, Man. Trop. Med., 2nd ed., 1913, 
403; Spironema macaci Ford, Textb. of 
Pact., 1927,060.) From monkeys in Cey¬ 
lon. Closely related to or pos.sil)lv iden¬ 
tical with Borrelia cnrleri. 

Spirochaela marmolae CixvpsLno. (Ann. 
dTgien. sper., 23, 1913, 215.) From a 
rodent, Arctoinys marmoia. 

Spirochaela melanogenes canis Luke§. 
(Deutsch. Tieriirztl. Wochnschr., 1923, 
137; see Ann. Inst. Past., 38, 1924, 523.) 
From the intestines of a dog. The cause 
of a dog plague. 

Spirochaela melophagi Porter. (Quart. 
Jour. Microsc. Sci., Ix)ndon, 55, 1910, 
180.) From the intestine, ovaries, and 
pupa of Melophagna ovimis. 

Spirochaela metrilis de Andrade. 
(Compt. rend. Soc. Biol., Paris, 86, 1922, 
1048.) From a uterine excretion. 

Spirochaela microgyrata gaylordi Cal¬ 
kins. (Calkins, Jour. Inf. Dis., 4, 1907, 

173;Spiroc/iac/a microgyrata var. gaylordi 
Calkins, ibid., 171; Spironema microgy- 
rala var. gaylordi Ford, Textb. of Bact., 
1927,1001.) From breast tumors of mice. 

Spirochaela naganophila Savini. 
(Compt. rend. Soc. Biol., Paris, 88, 1923, 
956.) From the blood of mice. No 
description given. 

Spirochaela noelleri Zuelzer. (1925, 
in Prowazek, Handb. d. path. Protoz., 
5,1931,1684.) From the intestine of the 
larvae of Simulium noelleri. 

jSptroc/iae/a noguchii Strong. (Strong, 
United Fruit Co. Med. Dept. 14th Ann. 
Kept., 1925; Treponema noguchii Nogu¬ 
chi, in Jordan and Falk, Newer Knowl¬ 
edge Bact. and Immun., 1928, 483.) 
From a type of skin ulcer in South 
America. 


Spirochaela normandi Nicolle, Ander¬ 
son and Colas-Belcour. (Compt. rend. 
Acad. Sci. Paris, 185, 1927, 334.) From 
Ornithodoros normandi, the natural agent 
of transmission. Pathogenic for white 


mice. 


IliCC . 

Spirochaela normandi var. carthaginen- 
Si's. (Quoted from Hindle, Med. Res. 
Council Svst. of Bact., 8. 1931, 169.) 

From ticks in Tunis. 

Spirochaela nosocomialis Hoffmann 
\m\ Gonder. (Hoffmann and Gonder, 
1914, according to Brumpt, Nouveau 
rrait(S de M^decine, Paris, 4, 1922 , 508» 

Treponema nosocomiale Brumpt, ibi • 
Probably a synonym of Borrelia vincenln- 
Spirochaela obtusa Casteliani. (Gas 
tellani, Brit. Med. Jour., 2, 1905, 1330; 
Spirochaela tenuis obtusa Caste! ani, 
1908, according to Ford, Textb. of Bact., 
1927, 973; Spiroschaudinnia oblusa Cas- 
tellani. Arch. f. Schiffs- u. Tropenhyg.. 
12, 1908,311 (see Casteliani and Chalmers, 
Uan.. Trop. Med., 3rd ed., 1919 449), 
Treponema obtusxun Brumpt, 

Traits de M^dccine, Paris. 4, 

Treponema tenue cblusum Brumpt, t 

Prom ulcerated lesions of yaws. 

Spirochaela ovis (Novy and KnapPj 
Bergey et al. (Spirillum ovis 
[vnapp. Jour. Inf. Dis., 5, 1 * ' 

Spirochaela ovina Blanchard, 

kl^dicale, Se. 1906, 1 1 

tvina Casteliani and Chalmers, - ® 

Prop. Med., 2nd ed., 1913, Wi] 
lema ovis Ford, Textb. of oc ’ 

160; Treponema ovis Noguchi, in 
ind Falk, Newer Knowledge . 
:minun., 1928, 461; Treponema on 
>foguchi, ibid., 4S0; Bergey et ‘ 

,al 5th ed., 1939, 960.) 

,f sheep. May be identical with Borr 


rochaeta pelamidis 

mann, Ztsohr. f. Hyg.. «. 
nema pelamidis Ford, • ^ 

, 1027, 964.) From ‘h® 

Pelamys sarda. Resembles 

rochaeta perjorara 
(Compt. rend. Soc. Biol.. 
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85, 1921, 106S.) From cases of pyorrhea 
alveolaris. Associated with fusiform ba¬ 
cilli. Probablj’ synouymous with Z?or- 
relia vinceniii. 

Spirochaeta periplanclae Laveran and 
Franchini. (Bull. Soc. Path. Exot., IS, 
1920, 332.) From the digestive tract of 
the cockroach, Periplaneta orientalis. 

Spirochaeta persica D.schunkowsky. 
(Dschunkowsky, Deutsch. mod. Woch- 
nschr., S9, 1913, 419; Treponema persi- 
curn Bruinpt, Nouveau Traits dc M<$de- 
cine, Paris, 4y 1922, 509; Borrelia persica 
Steinhaus, Insect Microbiology, 1946, 
452.) From a case of relapsing fever 
(Mianeh fever) in Persia. Transmitted 
by Ornithodoros Iholozani and 0. latio- 
rensis. Serum not agglutinated by 
Borrelia recur rends. Disease in man 
fairly severe and in gcrbilles and mon¬ 
keys very mild. 

Spirochaeta pollachii Henry. (Spiro- 
chaela gadi pollachii Henry, Jour. Path, 
and Bact., 14, 1910, 463; Henry, ibid., 17, 
1912, ICO; Treponema fallax Duboseq and 
Lebailly, Arch. Zool. Exp6r. et Gdn., 10, 
1912, 331; *SpirocAae(a fallax Zuelzer, 
1925, in Prowazek, Handb. d. path. Pro- 
toz., 5, 1931, 1671; Spironema pollachii 
Ford, Textb. of Bact., 1927, 965.) From 
the blood of the pollack, Gadus polla- 
chins. 

Spirochaeta psendobnccalis Zuelzer. 
(Cent. f. Bakt., I Abt., Orig., 86, 1921, 
•154.) 

Spirochaeta pseudorecurrentis Zuelzer. 
(Cent. f. Bakt., I Abt., Orig., 85, 1921, 
•154.) 

Spirochaeta pyorrhoeica Kolle. (Med. 
Klin., IS, 1917, 59.) Commonly found in 
pus from pyorrhea alveolaris. 

Spirochaeta raillieti Mathis and Lcger. 
(Compt. rend. Soc. Biol., Paris, 70, 1911, 
212.) From the blood of a rabbit. Not 
pathogenic. 

Spirochaeta ranarum Yakimoff and 
Miller. (Bull. Soc. Path. Exot., 18, 
1925, 306.) From the intestines of frogs, 
Rana temporaria. 

Spirochaeta recta Gerber. (Gerber, 
Cent. f. Bakt., I Abt., Orig., 68, 1910,513; 


Treponema rectum Brumpt, Nouveau 
Traits de M6decine, Paris, 4, 1922,511.) 
May be a synonym of Borrelia vinceniii. 

Spirochaeta regaudi Ball and Roquet. 
(Ball and Roquet, 1911, according to 
Pettit, Contribution i I’fitudc des Spiro- 
ch^tidds, Vanves, II, 1928; Spirclta 
regaudi Ball and Roquet, 1911, according 
to Brumpt, Nouveau Traitd de M(5decine, 
Paris, 4 , 1922, 517; also see Edkins, 
Parasitology, 15, 1923, 296.) From the 
stomachs of cats and dogs. Possibly be¬ 
longs among the spirilla (Noguchi ); is in 
the same group as Cristispirella and 
JJeliconema. 

Spirochaeta sinensis Pons. (Compt. 
rend. Soc. Biol., Paris, 89, 1923, 1028.) 
From the blood of a fever patient in 
China. Pathogenic for rabbits and mon¬ 
keys. 

Spirochaeta sogdianum Nicolle and 
Anderson. (Nicolle and Anders:)n, 
Compt. rend. Acad. Sci. Paris, 187, 
1928, 746; Borrelia sogdianum Steinhaus, 
Insect Microbiology, 1946, 453.) Not 
pathogenic for guinea pigs or fowls. 
Probably synonymous with Borrelia 
recurrentis. 

Spirochaeta sporogenes psoriasis Rasek. 
(Individual publications, Christiania, 
1920-1921, 4.) 

Spirochaeta sporogona rheumaiismi 
Rasek. (Individual publications, Chris¬ 
tiania, 1920-1921,4.) From the blood in 
cases of acute arthritis. 

Spirochaeta staphylina Ghidini and 
Archetti. (Riv. Biol. Coloniale, £, 1939, 
131.) From the intestine of a termite, 
Reticulitermes lucifugus, Italy. 

Spirochaeta stenogyrala Werner., 
(Werner, Cent. f. Bakt., I Abt., Orig., 
62, 1909, 241; Treponema stenogyratum 
Brumpt, Nouveau Traitd dc Mddecine, 
Paris, 4 , 1922, 514.) From human feces. 

Spirochaeta suilla Dodd. (Jour. 
Compt. Path, and Therap., 19, 1906,216.) 
From cutaneous lesions of pigs. Patho¬ 
genic for pigs. 

Spirochaeta temporariae Yakimoff and 
Miller. (Bull. Soc. Path. Exot., 28, 
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1925, 306.) From the intestines of frogs, 
Rana temporaria. 

Spirocliacta tenuis Gerber. (Gerber, 
Cent. f. Baht., I Abt., Orig., 56, 1910. 
50S; Treponema tenue Brumpt, Nouveau 
Traill de Medecine, Paris, 1922, 514.) 
May be identical with Spirochaela den- 
Hum or with Borrelia vinceniii. 

Spirochaela iermitis (Leidy) Dobell. 
(Uitfrio Iermitis Leidy, Jour. Acad. Nat. 
Sci., Phila., 2nd Ser., 5,1881, 441; Spiro¬ 
chaela minci Prowazek, Arch. f. SchifFs- 
u. Tropenhyg., 14, 1910, 297; Dobell, 
Spolia ceylauica, 3, 1910, 78; Treponema 
ininei Dobell, ibid.; ? Spirochaete grassii 
Doflein, Prob. der Protistcnk., 2, 1911, 
17; Spirochaela grassii Doflein, Die 
Natur der Spirochiiten, Jena, 1911; 
Treponema Iermitis Dobell, Arch. f. 
Protistcnk., 26, 1912, 117; Entomospira 
grassii Enlcrlcin, Sitzungsber. Ges. 
Naturf. Freundc, Berlin, 1917, 313; 
Cristispira termilis Ilollande, Arch. 
2ool. Exp^r. et G^n., 61, 1923, N. and 
R., 25; Treponema grassi Ford, Textb. 
of Bact., 1927,988.) From the intestines 
of Termes lucifngus and Calolermes spp. 

Spirochaela Iropidonoti Dobell. (Do¬ 
bell, Spolia ceylanica, 7, 1911, 65; Spiro- 
nema Iropidonoti Ford, Textb. of Bact., 
1927, 962.) Isolated once from the blood 
of a snake, Tropidonotus stolalus, in 
Ceylon. 

Spirochaela urethrae Macfie. (Macfie, 
Ann. Trop. Med. and Parasitol., 10, 1916, 
305 ; 5puosc/jau(/mnta urethrae Castellani 
and Chalmers, Man. Trop. Med., 3rd ed., 
1919, 451; Treponema urethrae Brumpt, 
Nouveau Traitd de Mddccine, Paris, 4, 
1922,514.) From the urine of Gold Coast 
natives. Causes acute arthritis. 

Spirochaela usbekislanica Pickoul. 
(Russ. Jour. Trop. Med., 6, 1928, 612.) 
From cases of relapsing fever in Bokhara. 

Spirochaela vesperlilionis (Novy and 
Knapp) Castellani and Chalmers. {Spi¬ 
rillum vesperlilionis Novy and Knapp, 
Jour. Inf. Dis., 3, 1906, 294; Castellani 
and Chalmers, Man. Trop. Med., 1st ed., 
1910, 309; Spiroschaudinnia vesperlilionis 
Castellani and Chalmers, Man. Trop. 


Med., 3rd ed., 1919, 454; Spironema ves- 
pertilionis Ford, Textb. of Bact., 1927, 
961.) From the blood of a bat, Vesper- 
tilio k'uhlii. 

Spirochaela vincenli var. bronchialis 
Delamare. (Compt. rend. Soc. Biol., 
Paris, 30, 1924 , 611.) 

Spirochaela zlatogorovi Yakimoff. 
(Bull. Soc. Path. E.xot., /4» 1921, 532.) 
From feces. 

Spirochaete exanthemaiica Lewascheff- 

(Cent. f. Bakt., I Abt., 18, 1895, 133.) 
From the blood in cases of typhus fever. 

Spirochaete forans Reiter. (Reiter, 
Deutsch. mod. Wochnschr., No. 50,1916, 
10; see Cent. f. Bakt., I Abt., Orig., 73, 
1917, 176; Treponema forans Brumpt, 
Nouveau Traits de Medecine, Paris, 4» 


1922, m-, Spirochaela forans Pettit, Con¬ 
tribution A PEtude des Spiroch^tid^s. 
Vanves, II, 1928, 164.) From the bM 
in a case of articular rheumatism. o 
pathogenic for guinea pigs or mice. 

Spirochaete gracilis Vesz^cmi. 
(Veszpremi, Cent. f. Bakt., I Abt., Orig > 
44, 1907, 332; not Spirochaela gracUis 
Levaditi and Stanesco, Compt. rend. Soc. 
Biol.. Paris, 67, 1909, 188 {Treponema 
levadilii Brumpt, Nouveau Traite de 
Medecine, Paris, 4,1922, 501; Treponem 

gracile Brumpt, idem); Treponema ^ 
die Ford, Textb. of Bact., 1927 , 97 J 
From a gangrenous phlegmon ° 
mouth. Found in association ' 

form bacilli and therefore may be iden 
ml with Borrelia vinceniii or Sptrochaei 

Pentium or Treponema „ 

Spirochaele repacis. (Quoted ^ 

Lehmann and Neumann, Bakt. 

\ufl.,3,1920,809.) From theor^ ca ^ 

Spironema caviae Ford. 

(?), Macfie, Ann. Trop. 
iitol., S. 1914, 447; Ford, Te^tb- 
'927, 961.) From the blood of a g 

Olis. Gesundheitssmte, 

^ord, Textb. of Bact., 1927. 
he blood of a bat, Vesperu^o 
Spiroschaudinnia cavtae Sangioni 
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(Sangiorgi, Pathologica Rivista, 5, 1913, 
428; Spirochaeta caviae Hindle, Med. Res. 
Council Syst. of Bact., 8, 1931, 174.) 
From the blood of a guinea pig. 

Spiroschaudinnia 7nilis Castellani and 
Chalmers. (Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 451; 
Treponema mite Brumpt, Nouveau Traitd 
de M^decine, Paris, 4, 1922, 506.) From 


urine in mild cases of camp jaundice. 
Probably not pathogenic. 

Treponettm lincola (Donnd) Brumpt. 
(175rjo Uneola Donnd, Recherches Mi- 
crose. Nature d. Mucus dcs Organs Gcni- 
tourinaires, Paris, 1837; Brumpt, Nou¬ 
veau Traite dc Mddccine, Paris, 4» 1922, 
505.) From secretions of the genitalia. 


Genus II. Treponema Schaudinn. 

(iSpiVonema Vuillemin, Compt. rend. Acad. Sci. Paris, 140, 1905,1567; notiSpironcma 
Bergey et al., Manual, 1st ed., 1923, 424; Schaudinn, Deutsche med. Wochnschr., SI, 
1905,1728; Microspironema Stiles and Pfendcr, Amcr. Med., 10, 1905, 936.) 

Length 3 to 18 microns. Longer forms due to incomplete division. Protoplasm 
in acute, regular or irregular spirals. Terminal filament may be present. Some 
species stain only with Giemsa’s stain, Weakly refractive by dark field illumination 
in living preparations. Cultivated under strictly anaerobic conditions. Pathogenic 
and parasitic for man and animals. Generally produce local lesions in tissues. 

The type species is Treponema pallidum (Schaudinn and Hoffmann) Schaudinn. 


1. Treponema pallidum (Schaudinn 
and Hoffmann) Schaudinn. (Spirochaetc 
pallida Schaudinn and Hoffmann, Arb. 
kaiserl. Gesundheitsamte, 22, 1905, 528; 
Schaudinn, Deutsche med. Wochnschr., 
SI, 1905, 1728; Spironema pallidum Vuil- 
lemin, Ck^mpt, rend. Acad. Sci. Paris, 140, 
1905, 1567; Microspironema pallidum 
Stiles and Pfender, Arner. Med., 10, 1905, 
936; Trypanosoma luis Krzystalowicz 
and Siedlecki, 1905, see abst. in Bull. 
Inst. Past., 4. 1906, 204; Spirochaeta 
pallida Hoffmann and Prowazek, Cent, 
f. Bakt., I Abt., Grig., 41, 1906, 741.) 
From Latin, pale. 

Morphology: Very fine protoplasmic 
spirals 0.25 to 0.3 by 6 to 14 microns. 

Spiral amplitude: 1.0 micron, regular, 
fixed. 

Spiral depth: 0.5 to 1.0 micron. 

Terminal spiral filament present. 

Weakly refractive in living state by 
dark field illumination. May appear as a 
series of bright dots or string of radiant 
heids with poor dark field illumination. 

Staining: Stain with difficulty except 
with Giemsa’s stain by which they appear 
pink or rose. Appear black with silver 
impregnation methods. 


Motility: Sluggish, drifting motion, 
stiffly flexible, rarely rotating. 

Trypsin digestion: Resistant for many 
days. . 

Bile salts (10 per cent): Disintegration 
complete. 

Saponin (10 per cent): Broken up in 
time. 

Cultivation: With difficulty under 
strict anaerobiosis in ascitic fluid with 
addition of fresh rabbit kidney. 

Habitat: The cause of syphilis in man. 
Can be transmitted experimentally to 
anthropoid apes and rabbits. 

2. Treponema pertenue Castellani. 
(Castellani, Jour. Trop. Med., 8, 1905, 
253; Spirochaeta pertenuis Castellani, 
Jour. Ceylon Branch Brit. Med. Assoc., 
June, 1905; Spirochaeta pallidula Castel¬ 
lani, Brit. Jour. Med., 2, Nov., 1905,1330; 
Spirochaete pertenuis Lehmann and Neu¬ 
mann, Bakt. Diag., 5 Aufl., 2, 1912, 677; 
Spironema pertenue Cross, Archiv f. 
Proti8tenk.,£4.1912,115; Treponema pal- 
lidulum Brumpt, Nouveau Traits de 
MiSdecine, Paris, 4, 1922, 508.) From 
Ijatin, very fine. 
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Morphologically indistinguishable from 
Treponema pallidum. 

Cultivable under anaerobic conditions 
in the same medium used for Treponema 
pallidum. 

Habitat: The cause of yaws—tropica 
frambesia. Patients with the disease 
give a positive Wassermann test. Prbo- 
ably transmitted by contact. 

3. Treponema microdentium Noguchi. 
(Jour. Exp. Med., 15, 1912, 81.) From 
Greek mikros, small and Latin, teeth. 

The organism is less than 0.25 micron in 
thickness in the middle and tapers toward 
each extremity, which is pointed. The 
length varies with age but may reach 8 
microns and show an average of 14 curves. 
Sometimes a long, thin flagella-like pro¬ 
jection is observed at each extremity. 

Growth occurs under anaerobic condi¬ 
tions in scrum water medium containing 
fresh tissue. The scrum is slightly coag¬ 
ulated and gives off a strong, fetid odor. 

Habitat; Normal oral cavity. 

4. Treponema mucosum Noguchi. 
(Jour. Exp. Med., 16, 1912, 194; Spiro- 
ckaeta mucosa Pettit, Contribution h 
r£tude des Spirochdtidds, Vanves, II, 
1928, 190.) From Latin, mucous. 

Spirals: 0.25 to 0.3 by 8 to 12 microns. 
The number of curves varies from 6 to 8. 
Both extremities are sharply pointed and 
often possess a minute curved projection, 
8 to 10 microns long. 

Cultivable under anaerobic conditions, 
forming mucin. 

The cultures give off a strong, putrid 
odor. 

Takes the red in Giemsa’s stain. 

Strict anaerobe. 

Source: From pus in a case of 
pyorrhoea. 

Habitat: Found in pyorrhea alvcolaris. 
It possesses pyogenic properties. 

6 . Treponema calligyrum Noguchi. 
(Noguchi, Jour. Exp. Med., 17, 1913, 96; 
Spirochaeta calligyra Zuelzer, 1925, in 
Prowazek, Hand. d. path. Protoz., 5,1931, 


1673.) From M. L., with beautiful 
circles. 

Morphology: 0.35 to 0.4 by 6 to 14 mi¬ 
crons, average 9 to 12 microns. Spirals 
are regular and deep but more rounded 
than those of Treponema pallidum. The 
organism is of uniform width until near 
the extremities which end in sharp points 
with delicate projections. 

Motility: Active, chiefly rotating. 
Stains reddish-violet with Giemsas 

stain. 

Cultivation: Grows under anaerobic 
conditions. 

Not pathogenic for monkeys or rabbits. 

Source: From smegma. 

Habi tat; Lesions and membranes of the 

pudenda. 


6 . Treponema genitalis Noguchi. 
{Treponema jnlnutum Noguchi, Jour. 
Exp. Med., 27, 1918, 671; not Treponema 
minutum Dobell, Arch. f. Protistenk., ^6. 
1912, 151; not Treponema 

Castellani. 1916; Noguchi, Laboratory Ih- 
agnosisof Syphilis, New York, 1923,^ > 

Spirochaeta jninutum Zuelzer, 192o, lu 
Prowazek, Handb. d. path. Protoz-, r 
1931, 1673; Spirochaeta genitalis begui 
and Vinzent, Ann. Inst. Past., 61, ' 

255.) From Latin,genital. 

Morphology: 0.25 to 0.3 by 3 to 
crons. Spirals round, regular ® ' 

low. Smaller than Treponema palltd^^ 
and spirals are closer together. 

Motility: Active. , 

Culture: Grows anaerobically and 


quires fresh tissue. 
Non-pathogenic. 
Habitat: Found on 
genitalia. 


male and female 


ponema carateum Brumpt- 
;ma de un caso de pmta, » 
ana and Alfonso, Arch, de 

.c BioL, Paris, 

na Aerrejoni Le6n y B^nc , 

Trop- y PamsitoL, HalW; 

Treponema piclor 

„ MaH. Trop. y P8»^*^ 
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Habana, 1940, 117; Treponema piniae 
Curbelo, Elementos dc Bacteriologia 
M6dica, 1941, 34.) From carate, spotted 
sickness. 

Description taken from Leon y Blanco 
{loc. cit.). 

Cylindrical: 0.25 to 0.30 by 7.S to 36.8 
microns, average lengtli 17.8 microns. 
With sharp-pointed ends. 

Spiral amplitude: 1 micron, regular. 

Spii-al deptli : 0.8 to 1.0 micron. 

Number of waves, 6 to 27, according to 
length. Ten to twelve (Brumpt, loc. 
cit.). 

Actively motile. .\t times undulating 
or creeping movements are shown. 

Staining reactions: Readily takes silver 
impregnations, Giemsa’s stain, carbol- 
fuchsin and gentian violet. 

Saponin (10 per cent): Disintegrates in 
six hours at room temperature. Same 
result with sodium taurocholate (10 per 
cent) and with bile. 

Distilled water: Produces swelling. 

Ijoses motility on heating for 15 minutes 
at 50®C or for 3 hours at 41 °C. 

Wassermann, ICahn and Meinicke reac¬ 
tions positive. 

Has not yet been cultivated artificially. 
Experimental transmission unsuccessful 
so far. 

Source: From the border of cutaneous 
lesions of persons having pinta (spotted 
sickness). 

Habitat: The cause of pinta (or carate). 
Common in Mexico and Colombia. Also 
found in other northern countries of 
South America, in Central America and 
the West Indies. Rare in Cuba. Pos¬ 
sibly found in other tropical regions of the 
world. 

8. Treponema cuniculi Noguchi. 
{Spirochaela paraluis cuniculi Jakobs- 
tlial, Dermatol. Wchnschr., 71, 1920, 569; 
Noguchi, Jour, Amor. Med. Assoc., 77, 
1921, 2052; also see Noguchi, Jour. Exp. 
Med., 35, 1922, 395; Treponema pallidum 
var. cuniculi Klarenbeek, Cent. f. Bakt., 

I Abt., Orig., 87, 1921,203; Spirochaeta 
cuniculi Seraditi, Marie and Isaien, 


Compt. rend. Soc. Biol., Paris, 85, 1921, 
51; Spirochacla pallida var. cuniculi 
Zuelzer, 1025, in Prowazek, Handb. d. 
path. Protoz., 3, 1931, 1765; Spirochacla 
paraluis Pettit, Contribution a I’Ktude 
des Spiroch(5tid(5s, Vanves, 11, 1928, 91 ; 
Spirochaeta paraluis-cuniculi Hindle, 
Med. Res. Council Syst. of Bact., 8, 1931, 
1S7.) From Latin, rabbit. 

Description from Noguchi {loc. cit.). 

Closely resembles Treponema pallidum, 
but longer. 

Width 0.25 micron; lengtli 10 to 16 mi¬ 
crons; long specimens up to 30 microns 
frequent. 

SpiralsS to 12 in number, regular, deep. 

Spiral amplitude 1 to 1.2 microns. 

Spiral depth 0.6 to 1.0 micron. 

Delicate terminal filament at one, 
sometimes both, ends. 

Often forms entangled masses of long 
threads; occurs sometimes in a stellate 
arrangement. 

Staining properties same as for Trepo¬ 
nema pallidum. Both readily stained by 
ordinary basic analine dyes when fi.ved in 
a bulTered formaldehyde solution. 

Wassermann reaction negative. 

Patliogenesis: Disease transmissible to 
healthy rabbits, producing papular le¬ 
sions in the gcnitoperincal region. Not 
pathogenic for monkeys, mice or guinea 
pigs. 

Source: From lesions in the genitoperi- 
neal region of five rabbits. 

Habitat: The cause of rabbit spiro¬ 
chetosis. 

Appendix: Many of the .species in this 
appendix are so inadequately described 
that it is not certain that they belong in 
this group. 

Microspirojiema Icyeri Duboscq and 
Lebailly. (Duboscq and Lebailly, 
Compt. rend. Acad. Sci. Paris, 164, 1912, 
662; Treponema legeri Zuelzer, 1925, in 
Prowazek, Handb. d. path. Protoz. , 3, 
1931, 1683.) From a fish, Box hoops. 

Spirochaeta microgyrata liOewentlial. 
(Loewenthal, Berl. klin. Wochnschr., 43, 
1906, 283; Spironema microgyrata Nogu- 
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chi, Jour. Exp.Med.,57,1918, bS-\-,Spiro- 
schaudinnia microgyrata Castellani and 
Chalmers, Man. Trop. Med., 3rd ed., 
1919, 404; Treponema microgyraium 

Brumpt, Xouveau Trait^^ de M<^decine, 4, 
1922, 506.) From cancerous ulcers of 
man, dogs, and mice. Regarded by ilolT- 
mann and Prowazek (Cent. f. Bakt., I 
Abt., Orig., J/, 1006, 819) as idontit'al 
with Spirochuda dentium. 

Spirochaeta parotilidis Lehmann. (In 
Lehmann and Neumann, Bakt. Diag., 7 
Aufi., 5, 1027, OvSO.) Pathogenic, produc¬ 
ing a disease similar to mumps iii experi¬ 
mental animals (cats) and causing paro¬ 
titis and orchitis in apes. 

Spirochaeta penortha Beveridge. (Aus- 
ti*al. Jour. Expt. Biol, and Med. Sci., 14, 
1936, 307.) This organism is also called 
Treponema podoins according to Shahan, 
in Keeping Livestock Healthy, U. S. 
D. A. A’earbook of Agriculture, Part 6, 
1942, 830.) Present as an accessory fac¬ 
tor in foot-rot of sheep. Also see Acti¬ 
nomyces nodosus. 

Spirochaeta phlchotomi Pringault. 

(Compt. rend. Soc. Biol., Paris, 84, 1921, 
299.) From the sand fly, Phlehotomus 
perniciosiis. 

Spirochaeta pseudopallida Mulzer. 

(Mulzer, Berl. kliu. Wchnschr., 1905, 
1144; Spiroschatidinnia pseudopallida 
Castellani and Chalmers, Man. Trop. 

Med., 3rd ed., 1919,449; Treponema pseu¬ 
dopallidum Brumpt, Nouveau Traitd de 
Mddecine, Paris, 4, 1922, 511.) Found in 

ulcerating carcinomata. 

Spirochaeta skoliodonta Hoffmann. 

(Hoffmann, Cent. f. Bakt., I Abt., Orig., 
86, 1920,137: Spirochaeta acuta Kritchev- 
sky and Sdguin, 1920, according to Sdguin 
and Vinzent, Ann. Inst. Past., 67, 1941, 
62; Treponema skoliodontum Noguchi, in 
Jordan and Falk, Newer Knowledge Bact. 
and Immun., 1928, 481.) From the peri¬ 
toneal exudate of a guinea pig. One of the 
smallest known spirochetes. From the 
oral cavity. 

Spirochaeta subtilis Castellani. (Cas¬ 
tellani, 1907; Spirosekaudinnia subtilia 
Castellani and Chalmers, Man. Trop. 


Med., 3rd ed., 1919, 450; Tr&ponema sub¬ 
tile Brumpt, Nouveau Traitd de Mdde- 
cine, Paris, 4 , 1922, 514; Spironema svb- 
tilis Pettit, Contribution i Pfitude des 
Spirochdtides, Vanves, II, 1928.) From 
the oral mucosa and from intestinal con¬ 
tents. May be a synonym of Spirochaeta 
dentium. 

Spirochaeta urethralis Castellani. 
(Castellani, 1915; Treponema urethrale 
Castellani and Chalmers, Man. Trop 
Med., 3rd ed., 1919,1944.) Froma puru 

lent urethral discharge. 

Spirochaeta vaccinae Bonhoff- (Boo 
hoff, Bcrl. klin. Wochnschr., 4 ^, 1995 
1142; Treponema vaccinae Brumpt, Nou 
veau Traitd dc Mddecine, Paris, 4 , *922 

515.) From vaccinia. 

Spirochaeta vaginalis Macfie. ( 
fie, Ann. Trop. Med. and Parasitol., W 
1916, 315; Treponema vaginalis Brumpt 
Nouveau Traitd de Mddecine, Pans. ^ 
1922, 514.) From a case of vaginitis in a 

Gold Coast native. „ 

Spirochaeie harlmanni (bonder. ( o” 

der, Cent. f. Bakt., I Abt., Orig., 4 » ' 

491; Spironema harlmanni Gross, ten • • 
Bakt., I Abt., Orig., 65, 1912, 88; P' 
chaela harlmanni Noguchi, Jour. • 

Med.. 54. 1921. 297; 

manni Ford, Textb. of Bact., ^ 927 , 990J 

From the digestive tract of molluscs, 

Cent. f. Bakt.. II Abt., /«, 1^, 

Treponema polyspirum WS, j 

Tochaeta polyspira Tettit, Con n 

I’fitude des Spirochdtidds, Vanves, 

1928, 14.) From rotten j 

Treponema carpanot la^un 

Rastjapin. (Arch. f. 

1930, 543.) From f,-toilly 

Treponema colli Dilboscq an 

(Duboscq and Lebailly, Arc ' 

pdr. et Gdn., 10, 1912 f ^ i 

nema colli Duboscq and ggS.) 

rend. Acad. > 

From the marine buHtea^C® " 

Treponema dentium Cohn 

(Spirochaete im Zahnsc ® ,g72, 

Beitr. a. Biol. d. Pflansen, 1, Hef 
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180; Spirochaele dcnlicola Fliigge, Die 
Mikroorganismen, 2 Aufl., 1886, 390; Spi- 
rochaetc derilium Miller. Microorganisms 
of the Human Mouth, Philadelphia, IS90, 
80; Spirillum deniium Slernberg, Manual 
of Baot., 1893, 694; Spiruchacia denlium 
Migula, in Englerand Praiitl, Die natiirl. 
Pflanzcnfam., /, la, 1805. 35; Spirochneta 
derilicola Arndt, according to IIoffEuann 
and Prowazok, Cent. f. Bakt., I Abt., 
Grig., 41, 1906, 819; Dobell, Arc-h. f. 
Protistenk., 2(7, 1912,117; Spiroticma den¬ 
lium Gross, Cent. f. Bakt., I Abt., Grig., 
65, 1912, S^iSpirochacta dentinum McFar¬ 
land, Pathogenic Bacteria and Protozoa, 
7th ed., 1912, 546; Treponema microden- 
lium Noguchi, Jour. Exp. Med.. 15, 1912, 
81; Spirochncla orlhodonta IIofTniann, 
Deutsch. me<l. Wochnschr., 46, 1920, 257 ; 
Spirochaeta microdentium Heim, Lehr. d. 
Bakt., 6and 7 Aufl.. 1922, 477; 'Treponema 
denticola Brumpt, Nouveau Traitd dc 
M^decine, Paris, 4. 1922, 407; 'Treponema 
orlhodontum Noguchi, in Jordanand Falk, 
Newer Knowledge Bad. and Immun., 
1928, 481; Treponema denlium-ateno- 
gijralum Pettit, Contribution a I’Etude 
des Spiroch(5tidds, Vanves, II, 1928 , 240.) 
The smallest of the mouth spirochaetes. 
Non-pathogcnic. This term probably in¬ 
cludes several morphologically similar 
species which have not as yet been sufli- 
ciently characterized. 

Treponema drosophilae Chatton. 

(Compt. rend. Soc. Biol., 75, 1912, 212.) 
From Drosophila confusa. Six to thirty 
microns in length, tapers at botii ends, 
four spirals, movement helicodal. 

7'reponema gallicolum I/ebailly. 

(Compt. rend. Soc. Biol., Paris. 76, 1913, 
389.) From the caecum of the hen, Cal¬ 
lus sp. 

'Treponema hilli Duboset] and Grass6. 
(Compt. rend. Soc. Biol., Paris, 94, 

1926, 34; Arch. Zool. ExpfSr. et GtJn., 66, 
1927,484.) From the surface of the body 
of a flagellate, Devescovina hilli, and in 
the intestine of a termite, Glyptolermes 
iridipennis. A very small organism. 

Treponema intermedium Dobell. 

(Mittelformen, Ltihe, Handb. d. Tropen- 


krankli., 5. 1906; see Huffmaim and Pro 
wazek, Cent. f. Bakt . I Abt . Grig., 41 , 
1906, S19; Dobell, .\rcli. f. Protistenk., 26, 
1912, 117; Treponema tfiarrodcnliinn No¬ 
guchi, Jour. Exp. Med.. 15, 1912, 81; 
Spirochaela media oris Hoffmann, 
Deutsch. mod. Wochnschr., 46, 1920, 257; 
'Treponema medium Brumpt, Nouveau 
Traits do Medecine, Paris. 4- 1922, 505; 
Spirochaeta intermedia Pettit, Contribu¬ 
tion j\ I’Ktude des Spiroclidtidt^s, \’anves, 
II, 1928, 146; Spirochaeta ynacrodentium 
Pettit, ibid., 182; Spirochaeta media and 
Spironema media Pettit, ibid., 240.) The 
middle-sized s|)irocbete of the mouth. 

'Treponema lari Loljailly. (Compt. 
rend. Soc. Biol., Paris, 75, 1913, 389.) 
Found in the caecum of birds, also in the 
guinea-pig. Named for one of the birds, 
Imtus ridibundus. 

Treponema mintdum Dobell. {'Trepo¬ 
nema sp. Dobell, Quart. Jour. Mierosc. 
Sci., 52, 1908. 121; Dobell. Arch. f. Pro- 
tisteiik., 26, 1912, 151; not Treponema 
minulum Castcllani. 1016; not Treponema 
minnlum Noguchi, Jour. Exp. Mod., 27, 
1018, 671 ; Spirochaeta tninutum Zuelzer, 
1925, in Prowazok, Ilaiulb. d. path, Pro- 
toz., 5,1931,1682.) From tlie largo intes¬ 
tines of toad.s, Ihtfu vulgaris. 

Treponema parvum Dobell. (Dobell, 
Arch. f. Protistenk., 26, 1012, U7;*Spiro- 
chaeta parvum Zuelzer, 1925, in Prowazek, 
Handb. d. path. Protoz., 5, 1931, 1685.) 
From tlic intestine of the cockroach, Sly- 
lopyga {Hlatta, Periplanela) orienlalis. 
Very small organism. 

'Treponema pavonis Duboscq and Le- 
bailly. (Arch. Zool. Expdr. et G(5n., 10, 
1912, 331.) From the intestine of the 
blcnny, Hlennius pavo. 

'Treponema perexile Duboscq and I.<c- 
bailly. (Duboscq and I^ebailly, Arch, 
Zool. Exper. et G^n., 10, 1912, 331; SpiVo- 
chaela perexilis Hiiulie, Med, lies. Coun¬ 
cil Syst. of Bact., 8, 1031, 180.) From 
the blood of a marine fish, Lepadogasler 
bimaculaius. 

Treponema podovis Ludovic and Blai- 
zot. (Compt. rend. Acad. Sci. Paris, 187, 
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1928,911.) Pathogonir. Cause of a dis¬ 
ease in sheep. 

Treponema querquedulac Lebaill}’. 
(Compt. rend. Soc. Biol., Paris, 75, 1913, 
380.) From caeca of birds. Named for 
the teal, Qucrqucdula querquedula. 

Treponema rhinopharyngeum Brumpt. 
{Treponema minutum Castellani, 1916; 
Spiroschaudinnia minuta Castellani and 
Chalmers. Man. Trop. Med., 3rd ed., 
1919, 1881; Brumpt, Nouveau Trait6 de 
Mddecine, Paris, 4, 1022, 514.) From 
man in cases of rhinopharyngitis. Prob¬ 
ably a synonym of Spirochaeta gracilis. 

Treponema rigidum Zinsser and Hop¬ 
kins. (Jour. Bact., /, 1916, 489.) From 
the tissues in five dilTerent strains of rab¬ 
bit syphilis. Probably a synonym of 
Treponema cnnicidi. 

Treponema spermiformis Duboscq and 
Grass^. (Arch. Zoo!. Expdr et G(^n., 66, 
1927,483.) From the rectum of a termite, 
Glyptotermes iridipennis. 

Treponema squatarolae Lebailly. 
(Compt. rend. Soc. Biol., Paris, 75, 1913, 
389.) From the caecum of a bird, 
rola squatarola. 


Treponema slylopygae Dobell. (Do' 
bell. Arch. f. Protistenk., 26, 1912, 117; 
Spirochaeta slylopygae Zuelzer, 1925, m 
Prowazek, llandb. d. path. Protoz., S, 
1931, 1685.) From the intestines of the 
cockroach, Stylopyga orienlalis. 

Treponema tricalle Cohn. (Cohn, 
1872, quoted from Castellani and Chal¬ 
mers, Man. Trop. Med.. 2nd cd., 1913, 
414.) 

Treponema triglae Duboscq and Le- 
bailly. (Arch. Zool. Expdr et G^n., tO, 
1912,331.) From the rectum of a fish, 
'Trigla lucerna. 

Treponema tropiduri Neiva. Marques 
da Cunha and Travassus. (Mem. do 
Inst. Oswaldo Cruz. 6, 1914,180.) From 
the blood of a South American lizard, 

Tropidnrus torqiiatus. 

The following species are listed in t e 
index of Castellani and Chalmers, Manji^ 
of Tropical Medicine, 2nd ed., 1913, ^ 
1719, but are not mentioned in the tex 

(pp. 136-141): Treponema bovidae, ■ 

camclidae, T. canidae, T.felidae, T. iP 
popotami, T. replilia, T. rhinoceri, i- 
selachii, T. suidae, T. ungulata and 
nrsidae. 


Genus III. Leptospira Xoguchi. 

(Jour. Exp. Med., 25, 1917, 753.) 

Finely coiled organisms 6 to 20 microns in length. Spirals 0.3 micron ^ 

0.4 to 0.5 micron in amplitude. In liquid medium one or both ends are en 
semicircular hook each involving to | of the organism. 
liquid and vermiform in semisotid agar, forward or backward. Seen in Ii' mg 
tions only with dark field. Stain with difficulty except with Giemsa s stain an 

impregnation. Require oxygen for growth. \ v euchi- 

The type species is Leptospira icterohaemorrbagiae (Inada and Ido) : og 


1. Leptospira icterohaemorrhagiae 
(Inada and Ido) Noguchi. {Spirochaeta 
icterohaemorrhagiae Inada and Ido, Tokyo 
Ijishinski, 1915; Inada, Ido, Hoki, Ka- 
neko and Ito, Jour. Exp. Med., .25, 1916, 
377* Spirochaeta icterogenes Uhlenhuth 
and Fromme, Med. Klin., II, 1915, 1202; 
Spirochaeta nodosa Huebner and Reiter, 
Deutsch. med. Wochnschr., 4C 1915, 
1275; Noguchi, Jour. Exp. Med., 26, 1917, 


Spiroschaudinnia 

e Castellani and . 

Med., 3rd ed., 
clerogenes Gonder and 

tistenk., 5.9, 1919, 62, ^ ^ 

haemorrhagica (sic) 20 , 

mn, Bakt- Diag., 6 Aufl-. ^ ^ 
Veponemn 

>t. Nouveau Traits de * 

A 1922. 501; Treponema noa 
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Brumpt, ibid., 50S; Leptospira icterogenes 
Ford, Textb. of Bact., 1927, 994; Lepto¬ 
spira nodosa Ford, ibid., 993.) From 
Greek icterus, jaundice and hemorrhagiae, 
bleeding. 

Morphology: 0.25 to 0.3 by 6 to 9 mi¬ 
crons and occasionally 20 to 25 microns. 

Spiral amplitude: 0.4 to 0.5 micron, 
regular, rigid. 

Spiral depth: 0.3 micron, regular. 

Waves: One or more gentle waves 
throughout entire length. When in 
liquid media, one or both ends may be 
semicircularly hooked, while in semisolid 
media the organism appears serpentine, 
waved or bent. Very active flexibility. 

Terminal filament and flagella absent. 

Body stains reddish by Giemsa’s stain. 

Bile salts (10 per cent): Easily dis¬ 
solved. 

Saponin (10 per cent): Completely re¬ 
sistant. 

Cultured easily in medium containing 
10 per cent rabbit serum, 0.2 per cent 
i^ar, slight amount of hemoglobin in salt 
or Uinger’s solution. Does not grow in 
surface colonies. 

Temperature range: 25° to 37°C. Re¬ 
mains alive longer at 25°C. 

Pathogenic for guinea pigs and deer- 
mice. 

Habitat: The cause of infectious jaun¬ 
dice in man (Weil's disease). Found in 
the kidneys, urine and blood of wild rats. 
No insect vector known. Found free- 
living in water and slime (in mines). 

2. Leptospira hebdomadis (Ido et al.) 
Noguchi. {Spirochaeta nanukayami 
Ido, Hoki, Ito and Wani, Nippon Gakkai 
Zasshi, 6, 1917, No. 6; Spirochaeta hebdo¬ 
madis Ido, Ito and Wani, Jour. Exp. 
Med., 28, 1918, 435; Spirosekaudinnia 
hebdomadis Castellani and Chalmers, 
Man. Trop. Med., 3rd ed., 1919, 448; No¬ 
guchi, Jour. Exp. Med., SO, 1919, 17; 
Treponema hebdomadis Brumpt, Nouveau 
Traitd de M^decine, Paris, 4, 1922, 501.) 
Prom Latin, seven days. 

Morphologically indistinguishable from 


Leptospira icterokeamorrhagiae but can be 
distinguished serologically. 

In man causes less jaundice than Lepto¬ 
spira icterohaemorrhagiae and is never 
fatal. 

Identical with Type B, Leptospira au- 
turnnalis. 

Slightly pathogenic for young guinea 
pigs. 

Is carried by the field vole {Microtus 
montibelli). 

Habitat: Cause of seven-day fever or 
gikiyami in Japan. 

3. Leptospira biflexa (Wolbach and 
Binger) Noguchi. {Spirochaeta biflexa 
Wolbach and Binger, Jour. Med. Res., SO, 
1914, 23; Noguchi, Jour. Exp. Med., 27, 
1918 , 585; -Spirochaeta pseudo-icterogenes 
(aquatilis) Uhlenhuthand Zuelzer, Cent, 
f. Bakt., I .\bt., Orig., 85,1921,* 141; Spi- 
Tochaeta pseudoicterogenes Uhlenhuth and 
Zuelzer, Klin. Wochnschr., /, 1922 , 2124; 
Spirochaeta pseudo-icterokemorrhagiae 
Vinzent, Compt. rend. Soc. Biol., Paris, 
96, 1926, 1472; Leptospira pseudoictero¬ 
genes Noguchi, in Jordan and Falk, Newer 
Knowledge Bact. and Immun., 1928,461.) 
From Latin, doubly bent. 

Size: 0.2 to 0.25 by 5 to 7 microns with 
tapering ends. Spiral amplitude 0.2 to 
0.25 micron. Will pass through an L5 
candle filter. 

Waves: 22 to 30 in number. 

Stains: Best results with Giemsa’s 
stain. 

Culture: Can grow in distilled water 
plus 0.1 per cent potassium nitrate. 
Rabbit serum in distilled water is best 
medium. 

Optimum temperature 20°C. 

Antigenically distinct from Leptospira 
icterohaemorrhagiae . 

Not pathogenic. 

Source: From tap water, ponds and 
pools in Berlin. 

Habitat: Fresh water. 

4. Leptospira canicola Okell et al. 
(Okell, Dalling and Pugh, Vet. Jour., 81, 
1925, 3.) From Latin, dog-dweller. 
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Morphologically indistinguishahle from 
Leptospira iclerohaemorrhagiae. 

Cultivation : Same as Leptospira icfero- 
haemorrhagiae. 

Imnuinology: Some cross-reaction with 
Leptospira icterohaemorrhagiae, but spe¬ 
cific in higher dilutions of immune serum. 

Source: From blood of dogs. 

Habitat: A natural parasite of dogs. 
Causes a chronic disease of old dogs cliar- 
acterized by uremia, not jaundice. Fatal 
in 80 per cent of those infected. No 
intermediate host known. Probably 
transmitted by direct contact; possibly 
by healthy carriers. 

Appendix: The species listed below are 
inadequately described and nmy be iden¬ 
tical with those described in full. 

Leptospira agueducium (sic) Ford. 
{Spirochaeta pseudoicterogenes aquaeduc- 
tuum Uhlenhuth and Zuelzer, Cent. f. 
Bakt., I Abt.. Orig., 85, 1921, *150; 
Ford, Textb. of Bact., 1927, 998.) From 
fresh water of aqueducts. Probably a 
synonym of Leptospira hijlexa, 

Leptospira asthenoalgiae Carbo-Noboa. 
(Bull. Inst. Past., 1924, 898.) From 
blood, urine and organs of persons having 
dengue. 

Leptospira autumnalis Topley and Wil¬ 
son. (Akiyami Type A, Koshina, Shiwo- 
zawa and Kitayama, Japan. Med. Wld., 4. 

1924, 268; see also Jour. Exp. Med., ^8, 

1925, 873; Topley and Wilson, Princip. 
Bact. and Iinmun., 1st ed., S, 1931,1202; 
Spirochaeta autumnalis A, quoted from 
Hindle, Med. Res. Council Syst. of Bact., 
8, 1931, 312; Spirochaeta autumnalis Hin¬ 
dle, ibid.) The cause of akiyami or har¬ 
vest sickness in Japan. May be identical 
with Leptospira icterohaemorrhagiae. 

Leptospira bataviae. (1925, quoted 
from Gispen and Schtiffner, Cent. f. 
Bakt., I Abt., Orig., lU, 1939, 427.) 
From a case of fever in the Dutch East 
Indies, Probably a synonym of Lepto¬ 
spira hebdomadis. 

Leptospira biliohemoglobinuriae (Blan¬ 
chard and Lefrou) Noguchi. (5piro- 
ehaeta biUo-hemoglohinuriae Blanchard 


and Ix'frou. Coinpt. rend. Acad. Sci., 
Paris, 175, 1922. 602; Noguchi, in Jordan 
.aiifi Falk, Newer Knowledge Bact. and 
Iminun., 1928,490.) From casesof black- 
water fever. 

Leptospira bonariensis Savino and 
Itcnnella. (Rev. Inst. Bact. “Dr. Car¬ 
los C». Malbram", 12, 1944, 182.) From 
gray rats. 

Leptospira boris Noguchi. (New Ycr' 
State Mod. Jour., Si. 1922, 426.) From 

the gastric mucosa of the OX. ^ 

Leptospira couviji Gomes de I ana. 
(Compt. rend. Soc. Biol., Paris, 00 ,192 , 
55; Spirochaeta couvyi Hindle, Med. R«8- 
Council Syst. of Bact., 8, 1931, 317.) 
From the blood of persons having de^ue- 
Leptospira denials Perrin. (Rev. 
de Biol., 2, 1922.171.) Found in the pus 

of bucco-maxillary gangrene. 

Leptospira grippo-lyphosa Topley an 
Wilson. (Topley and Wilson, Pnncip. 
Bact. and Immun., 2nd ed., ' 

Spirochaeta dmitrovi Rimpau, oM 

bergerand Kathe, Cent, f* Bakt., » 
Orig., W, 1938, 320.) ^he cause 
swamp fever in Europe. Pro^bly 
onymous with Leptospira hebdom(^^»^ 
.Also see Baschenin, Cent, f- ’ 

Abt.,Orig., ns, 1929. 438 and4W; Dm^ 
and VerschafTelt, Ann. Inst, as ■, 

1930, 396. _ unffnPT 

(Geneesk. Tijdschr. Ned. ladie, 68 

352; Spirochaeta haemoglobinurta 

die. Med. Res. Council Syst. of 
1931,314.) From the blood of a 
patient suffering from an attack o 

water fever. 

Leptospira icterohemog 

SchUffner. (SchUffner. 
schr. V. Ned. IndiS. 58, 1918. 

In. „ P.W.. O...*.... . " 

Spiroch4tid4s, Vanves, 

chaeta ieterohemoglobtnurtae 

Mededeel. Burgerl. Geneesk. i 
Nederl. IndiS, 58, 1918, 

Blanchard and Lefrou, ffM- 

Acad. Sci., Paris, 175, 1922. 602) 
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Nouveau Traitd de Mddecine, Paris, 4, 
1922, 501.) From the blood in a case of 
blackwater fever. 

Le'piospira interrogans (Stimson) No¬ 
guchi. {Spirockaela interrogans Stim¬ 
son, U. S. Public Health Kept., Part I, 22, 
1907, 541; Leptospira icleroides Noguchi, 
Jour. Exp. Med., 29, 1919, 581; Trepo- 
nema interrogans Brumpt, Nouveau 
Traitc de Mddecinc, Paris, 4> 1922, 505; 
Treponema icteroides Brumpt, ibid .; Spi- 
rochaela icteroides Lehmann and Neu¬ 
mann, Bakt. Diag., 7 AuH., 2, 1927, 576; 
Noguchi, in Jordan and Falk, Newer 
Knowledge Bact. and Immun., 1928, 454.) 
Noguchi (1928) regards this species as 
identical with Leptospira icterohaemor- 
rhagiae. 

Leptospira pettiii (Fiessinger) Hindle. 
{Spirochaete pettiti Fiessinger, Ann. de 
M6d., 6, 1918, 156; Treponema pettiti 
Brumpt, Nouveau Traitd de Mddecine, 
Paris, 4t 1922, 510; Hindle, Med. lies. 
Council Syst.of Bact.,8,1931,316; jSpfro- 
chaela pettiti Hindle, idem; not Spiro- 
chaeta pettiti Row, Jour. Trop. Med. and 
Hyg., 1922,364.) From urine. Morpho¬ 
logically indistinguishable from Lepto¬ 
spira iclerohaemorrhagiae. 

Leptospira pyrogenes Vervoort. (Ver- 
voort, Gencesk. Tijdschr. v. Ned. Indie, 
63, 1923, 800; Spirochaeta febrilis Ver¬ 
voort, Rep. Far East. Assoc. Trop. Med., 
London, 1923, 683; Spirochaeta pyrogenes 
Hindle, Med. Res. Council Syst. of Bact., 
8,1931,314.) From the blood of persons 
suffering from dengue-Iikc fevers in Su¬ 
matra. Pathogenic. 

Leptospira saxkoebing Petersen. (Acta 
Path, ct Microbiol. Scand., SI, 1944, 
165.) A new serological type. 

Leptospira salina Ford. (Spirockaela 
pseudoicierogenes salina Uhlenhuth and 


Zuelzer, Cent. f. Bakt., I Abt., Orig., 
85. 1921, *150; Ford, Textb. of Bact., 
1027, 998.) From salt water. 

Leptospira irimerodonla (lIolTmanrO 
Noguchi. (Spirochaeta frimerodonta 
Hoffmann, Deutsch. med. Wochnschr., 
46, 1020, 257; Leptospira dentium HofT- 
mann, ibid., 625; Leptospira buccalis 
Fontana, according to Pettit, Contribu¬ 
tion a ri'Aude dcs Spirochdtidds, Vanves, 
n, 1928, 232; Noguchi, in Jordan and 
Falk, Newer Knowledge Bact. and Im¬ 
mun.. 1928, -161.) From the oral cavity. 
May be synonymous with Leptospira 
icterohaemorrhagiae. 

Spirochaeta anthropopilheci Wilbert 
and Delorme. (Ann. Inst. Past., 41, 
1027,1147.) Pathogenic for chimpanzees 
in Frencli Guinea. Probably identical 
with Leptospira icterohaemorrhagiae. 

Spirochaeta elusa W^olbach and Binger. 
(W'olbach and Binger, Jour. Med. Res., 
SO, 1914, 9; Treponema elusum Bergcy et 
al., Manual, 1st ed., 1923, 428.) From 
pond water. Not patliogeiiic. For a de¬ 
scription of this species, sec Bc*rgey et al., 
ALuiual, 5th cd., 1939, 957. 

Spirochaeta ictero-uraemia canis Klar- 
enbeek. (Tijdschr. Diergenccsk., S6, 
1928, 227.) From the kidneys of dogs. 
Pathogenic for guinea pigs. May be syn¬ 
onymous with Leptospira iclerohaemor¬ 
rhagiae or L. canicola. 

Spirochaeta psendohebdomadis Zuelzer. 
(1925, in Prowazek, Handb. d. path. 
Protoz., S, 1931, 1671.) Probably identi¬ 
cal with Leptospira hebdomadis. 

Spirochaeta Irimeres Hoffmann. 
(Deutsch. med. Wochnschr., 46, 1920, 
257.) From the oral cavity. May be 
synonymous with Leptospira trimero- 
donta. 
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ORDER RICKETTSIALES GIESZCZYKIEWICZ. 

(Bull. Intern. Acad. Polon. Sci., Classe Math. Nat., B(l), 1939, 9-30.) 

Small, rod-shaped, coccoid, spherical and irregularly-shaped microorganisms which 
stain lightly with aniline dyes. Gram-negative. Usually not filterable. Cultivated 
outside the body, if at all, only in living tissue, embrj'onated eggs or rarely in media 
containing body fluids. Parasitic organisms intimately associated with tissue cells 
and erythrocytes, chiefly in vertebrates and often in arthropods which act as vectors. 
The intracellular parasites of Protozoa may also belong here. May cause diseases 
in man or animals, or both. 

Key to the families of order Rlckettsiales. 

I. Intracellular parasites, or parasites intimately associated with tissue cells. 
Do not occur in erythrocytes. Frequently cause diseases of vertebrates trans¬ 
mitted by arthropod vectors. 

Family I. Uickettsiaceae, p. 1083. 

II. Facultative intracellular or extracellular parasites found characteristically in 
or on the erythrocytes ofvertebrates. May be transmitted by arthropod vectors. 

Family II. Bartonellaceae, p. 1100. 

III. Intracellular parasites found in vertebrate tissues and not transmitted by 
arthropod vectors. 

Family III. Chlamydozoaceae^p, 1114. 

♦FAMILY I. RICKETTSIACEAE PINKERTON. 

(Pinkerton, Parasitology, 28, 1936, 186; Rickettsiales Buclianan and Buchanan, 

Bacteriology, ^th ed., New York, 1938, 49.) 

Small, often pleomorphic, rod-shaped, ovoid, coocoid and coccus-shaped bacterium- 
like organisms, intimately associated with arthropod tissues, usually in an intra¬ 
cellular position. Stain lightly with aniline dyes. Gram-negative. Have not been 
cultivated to date in cell-free media. May be parasitic to man and other animals 
causing diseases (typhus and related ills) that are transmitted by arthropod vectors 
(lice, fleas, ticks, mites and probably other ectoparasites). 

Key to the genera of family Rlckettsiaceae.f 

I. Cells rod-shaped, ellipsoidal and coccoid. 

A. Non-filterable. 

Genus I. Rickettsia, p. 1084. 

B. Filterable. 

Genus II. Coxiella, p. 1092. 

IL Cells spherical, occasionally elongated. 

Genus III. Cowdria, p. 1094. 

* Prepared by Dr. Ida A. Bengtson (retired), National Institute of Health 
Bethesda, Maryland, November, 1946. Through the courtesy of Dr. Edward A. 
Steinhaus much use was made of material from his book. Insect Microbiology, Ithaca 
1946, 763 pp. before it was generally available. 

t Includes only those rickettsiae which have been rather completely studied. 
For additional rickettsiae, see appendix. 
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Genu^ I. Rickettsia rfa Rocha-Lima. 

(Berl. klin. Wchnschr., 53, 1916, 567-569.) Named for Howard Taylor Ricketts 

who lost his life studying typhus fever. 

Small, often pleomorphic, rod-shaped to coccoid organisms occurring intmcyto- 
plasmically in lice, fleas, ticks and mites, or sometimes intranuclearly. Stain ligh X 
with aniline dyes. Gram-negative. Non-filterable. Have not been cultivated in 
cell-free media. Parasites of man and animals which are the etiological agen s o 
epidemic typhus, murine or endemic typhus. Rocky Mountain spotted ever, 
tsugamushi disease, rickettsialpox and other diseases. 

For reasons that are discussed elsewhere (Bengtson, Jour. Bact., 65, • . • 

the genus Dermocentroxenus has been united with the genus Rickettsia. 

The type species is Rickettsia prowazekii da Rocha-Lima. 


I. Louse-borne. 
II. Flea-borne. 

III. Tick-borne. 

IV. Mite-borne. 


Key to the species of getius Rickettsia. 

1. Rickettsia prowazekii. 

2. Rickettsia typki. 

3. Rickettsia rickettsii. 

4. Rickettsia conorii. 

5. Rickettsia isutsugamashi. 

6. Rickettsia akari. 


1. Rickettsia prowazekii da Rocha- 
Lima. (da Rocha-Lima, Berl. klin. 
Wchnschr., 53, 1916, 567; Rickettsia 

exanthematotyphi Kodama, Kitasato 

Arch. Exper. Med., 9, 1932, 360; Rickett¬ 
sia prowazeki var. prowazeki Pinkerton, 
Parasitology, 28, 1936, 186; Rickelhia 
prowazeki sub-species prowazeki Philip, 
Amer. Jour. Hyg., 57,1943,307.) Named 
for S. von Prowazek who lost his life 

studying typhus fever. 

Minute coccoid, ellipsoidal and ovoid 
forms to short rods, sometimes long rods 
and occasionally filamentous forms, often 
in pairs and occasionally in chains. In 
infected lice the minute coccoid and 


paired coccoid forms 

the short and long rods and the fil 

tous forms which are up to 40 micro 

length. Single elements 0.25 by 0.4J^ 

0.3 by 0.45 micron. Pairs rang 
0.25 by 0.7 to 0.3 by M 

yolk sacs the organisms vary i 
minute coccoid forms in ^ 

tissue to rod forms 
bacteria in lightly 
Within the same smear of '"f" ^ 
malian cells and in chick emhi^ 

the organisms are quite "^ytoplis- 

and morphology. Occur intracy 
mically in vascular endothelial cells 
in serosal cells. Non-motile. 
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The organisms are colored purplish 
with the Giemsa stain, the two indi¬ 
viduals of a pair being connected by a 
zone of faintly blue stained material. 
They are colored blue witli Castaneda 
stain (Jour. Inf. Dis., 47, 1930, 416) and 
bright red against a blue background with 
Machiavello stain (Rev. Chilena de Hig. 
y Med. Prev., I, 1937, 101). Gram- 
negative. 

Cultivation; In plasma tissue cultures 
of mammalian cells, in the louse intestine, 
in modified Maitland media with and 
without agar, on chorio-allantoic mem¬ 
brane and yolk sac of chick embryo, the 
latter being currently the medium of 
choice. 

Optimum temperature 32®C in plasma 
tissue culture, 35®C in chick embryo 
cells. 

Immunology: Immunity prolonged but 
may not be complete in man. Indis¬ 
tinguishable from endemic (murine) 
typhus in cross immunity tests in guinea 
pigs, but distinguishable from Rocky 
Mountain spotted fever and other rickett¬ 
sial diseases in such tests. Neutraliz¬ 
ing antibodies arc found in the serum of 
recovered guinea pigs and convalescent 
humans up to 2 to 3 weeks after defer¬ 
vescence. Killed vaccines produced 
from infected lice and from infected yolk 
sacs afford a high degree of protection 
against the disease. Hyperimmune anti¬ 
sera for therapeutic use have been pro¬ 
duced in rabbits by injection with 
infected yolk sac suspensions and in 
horses and donkeys with infected mouse 
lung suspensions. 

Serology: Strains from various parts 
of the world are closely related as de¬ 
termined by complement fixation; are 


distinguishable from other rickettsiao bv 

% 

agglutination, complement fixation and 
precipitin tests; have a common anti¬ 
genic tactor (alkali stable polvsac- 
cluirido) with Proleus OX!9; and have 
a soluble antigen in yolk culture. 

Lethal effect: Heavily infected yolk 
sac cultures injected intravenouslj'' or 
intraperitoneaiiy are fatal to white mice 
in a few hours. 

Resistance to chemical and physical 
agents: Readily inactivated by heat and 
chemical agents. A temperature of oO^C 
kills the organism in 15 to 30 minutes, and 
0.5 per cent phenol and 0.1 per cent 
formalin kill the organism. 

Pathogenicity: Pathogenic for man, 
apes, monkeys, guinea pigs, cotton rats, 
gerbilles, the louse {Pediculus humanus). 
Inapparent infections occur in white 
mice, white rats and rabbits. A charac¬ 
teristic febrile reaction with no mortality 
and without testicular swelling occurs in 
the guinea pig. Passage in guinea pigs 
is accomplished by tran.sfcr of blood or 
brain from infected animals. Causes a 
febrile disease with exanthema and high 
mortality in man. 

Source: Seen in the blood of typhus 
patients and in smears of epithelial cells 
of the intestinal tract of lice fed on 
typhus patients. 

Habitat: The l)ody louse (Pediculus 
humanus var. corporis), head louse 
(Pediculus humanus var. capitis) and 
Pcdicinus longiceps. The etiological 
agent of epidemic typhus (European 
typhus, classical typhus, typhus exan- 
thematicus). 

2. *Rlckettsia typhl (Wolbach and 
Todd) Philip. (Dermacentroxenus 


* Some may regard the binomial Rickettsia typhi as invalid because of its previous 
use by do Amaral and Montciro for the organism causing eastern Rocky ^Iountain 
spotted fever. However, because the binomial Dermacentroxenus typhi Wolbach 
and Todd clearly has priority and because the binomial proposed by do Amaral and 
Monteiro has never come into general use, Rickettsia typhi Philip has been accepted 
for use in the Manual. If Philip’s binomial liad been rejected, then it would have 
been necessary to accept Rickettsia manchuriae Kodama et al. as this appears to liave 
priority over the more generally used Rickettsia mooseri Monteiro.—Editors. 



1086 


MANUAL OF DETKKMINATIVE BACTERIOLOGY 


typhi Wolbacli and Todd (not Tood), 
Ann. Inst. Past., 34, 1920, 158; minute 
intracellular bodies, Mooser, Jour. Inf. 
Dis., 43, 1928, 201; Ricketlsia manc/i«riae 
Kodama, Takahashi and Kono, Saiking- 
aku-Zasshi (Jap.), No. 426, 427, Aug. 
and Sept., 1931; see Kodama, Kono and 
Takahashi bibliography, Kitasato Arch. 
Exper. Med., 9, 1932, 95; Rickettsia 
mooseri Monteiro, Mem. Inst. Hutantan, 

6, 1931, 97 (pub. July, 1932), see do 
Amaral and Monteiro, bibliography, ibid., 

7, 1932, 367; Ricketlsia exanthernatofcbri 
Kodama, Kitasato Arch. Exp. Med., 9, 
1932, 360; Ricketlsia viuricola Monteiro 
and Fonseca, Brazil Med., 46, 1932, 1032; 
Ricketlsia murina and Rickettsia flelch- 
eri Megaw, Trans. Roy. Soc. Trop. 
Med. Hyg., ^9, 1935, 105; Rickettsia 
prowazeki var. mooseri Pinkerton, Para¬ 
sitology, 28, 1936, 185; Rickettsia prowa- 
zeki sub-species typhi Philip, Amer. 
Jour. Hyg., 37,1943, 304; Rickettsia typhi 
Philip, idem; not Rickettsia typhi do 
Amaral and Monteiro, Rev. Sud. Amdr. 
de Mdd. et Chirug., 4, 1933, 806.) From 
M. L. typhus, typhus. 

Resembles Rickettsia prouazekii in 
morphological and staining properties. 
Non-motile. Gram-negative. 

Cultivation: May be cultivated in 
plasma tissue culture of mammalian 
cells, in modified Maitland media with 
and without agar, in fleas, in the peri¬ 
toneal cavity of X-rayed rats, in the 
lungs of white mice and in white rats 
following intranasal inoculation, in the 
lungs of rabbits following intratracheal 
inoculation, in the chorio-allantoic mem¬ 
brane and the yolk sac of the chick 
embryo. 

Optimum temperature in chick 

embryo cells. 

Immunology: Prolonged immunity in 
man and animals following infection. 
Complete cross immunity between epi¬ 
demic and endemic typhus in guinea 
pigs recovered from infections with 
Rickettsia prowazekii and Rickettsia 
typhi. No cros8_inununity between en¬ 


demic typhus and Rocky Mountain 
spotted fever, Q fever or tsutsugamuahi 

disease in guinea pigs. 

Serology: Distinguishable from the 
rickettsiae of spotted fever, Q fever and 
tsutsugamushi disease by complement 
fixation, agglutination and precipitin 
tests, less readily from R. proirazelii by 
these tests. Has common antigenic fac¬ 
tor with Proteus 0X19, and soluble 
antigen in yolk-sac cultures. 

Lethal effect: Heavily infected )0 
sac cultures injected intravenously or 
intraperitoneally fatal to white mice m 
a few hours. 

Pathogenicity: Pathogenic for man, 
apes, monkeys, rabbits, guinea p>gs* 
white rats, eastern cotton rat, w i 0 
mice, gerbilles. Other susceptible ani¬ 
mals include the woodchuck, house 
mouse, meadow mouse, white-foo e 
mouse, old-field mouse, cotton mouse, 
golden mouse, wild rat (Rattus norvegt 
cus), wood rat, rice rat, flying squirr , 
gray squirrel, fox squirrel, gophers, co 

ton-tail rabbit, swamp rabbit, chipmun i 

skunk, opossum and cat. A charac cn 
tic febrile reaction occurs in the gmn 
pig with testicular swelling withou 
ulceration, after intraperitoneal mo^ 
tion. Passage in guinea pip is 
plished by transfer of testicdar 
ings or blood from infected arum 
Causeof a febrile disease with exan 
in man, with low mortality. 

Source; Seen by VVolbach and ^ 
(loc. cit.) in the endothelial cells 
capillaries, arterioles and 
tions of skin from cases ' 

typhus (tabardillo). Also desenM W 
Mooser (loc. cil.) in sections and sm 
of the proliferated tunica 
guinea pigs reacting to the virus of A ■ 

can typhus. (Xeno^ 

Habitat; Infected , jn- 

psylla cheopis, Xenopstjlla 
fected chicken fleas (r:chidnophaga^‘^^ 
nacea) found on wild nts 

louse (Polyplax spinulos^) of 

and field mice act aa the 
“fection. The etiological agent of 



F.VMILY UICKKTTSIACEAri 


1087 


demic (mur ne) typhus vrhich is trans¬ 
mitted to man by the rat flea. 

3. Rickettsia rickettsil (Wolbach) 
Brumpt. {Dermacejitroxenus rickettsi 
Wolbach, Jour. Med. Res.. 41 , 1919-20, 
87; Rickettsia rickettsi Brumpt, Precis 
de Parasitologic, 3rd ed., 1922, 757; 
Rickettsia brasiliensis Monteiro, Mem. 
Inst. Butantan, 6, 1931, 3; *Ricketlsia 
typhi do Amaral and Monteiro, Rev. Sud. 
Am«Sr. do M6d. et Chirurg., 4 , 1933, 80u; 
Dermaceniroxenus rickettsi var. brasili¬ 
ensis Pinkerton, Parasitology, 28, 1936, 
186.) Rickettsia derniacenlroxemis , a 
corruption of Dermacentroxenus rickettsi, 
though widely used, has no genuine 
taxonomic standing. Named for Howard 
Taylor Ricketts, who first transmitted 
the disease from human cases to monkeys 
and guinea pigs with the production of 
characteristic symptoms and lesions and 
fatal effect. * 

Minute paired organisms surrounded 
by a narrow clear zone or halo and often 
lanceolate, resembling in appearance a 
minute pair of pneumococci. Approxi¬ 
mately 0.2 to 0.3 micron by 1 micron. 
Non-motile. 

In smears of mammalian tissues there 
occur in addition to the lanceolate forms, 
slender rod-shaped forms stained blue 
with the Giemsa stain, sometimes ex¬ 
hibiting polar granules, stained purplish 
or reddish. There are also minute pale 
blue-staining rounded forms. In the 
tick there are three forms: (1) Pale blue 
bacillary forms curved and club-shaped, 
(2) smaller bluish rods with deeply 
staining chromatoid granules and (3) 
more deeply staining, purplish, lanceo¬ 
late forms. A very minute form nmy 
appear in tightly packed masses in the 
nuclei of the cells. Occurs in the cyto¬ 
plasm and nucleus in all types of tissue 
in the tick and in the vascular endothe¬ 
lium, in the serosal cells of the peritoneal 


cavity, in the smooth muscle cells of 
arteriolar walls and in the macrophages 
of mammals. 

In yolk sac cultures and in the Mait¬ 
land media cultures, bacillary forms often 
occur in pairs. In single smears from 
infected yolk sacs, the rickettsiae are 
rather uniform in size and morphology 
and are definitely larger than Rickettsia 
prowazekii and Rickettsia typhi. They 
also grow more sparsely. Stain blue with 
the Castaneda stain and bright red 
against a blue background of tissue with 
the Machiavello stain. 

Cultivation; May be cultivated in 
plasma tissue culture of mammalian 
cells, in Maitland media with and with¬ 
out agar, on the chorio-allantoic mem¬ 
brane and in the yolk sac of the chick 
embryo, and in ticks. 

Optimum temperature 32®C in plasma 
tissue culture, 35“C in chick embryo 
cells. 

Immunology: Prolonged immunity in 
man and animals after recovery from in¬ 
fection. Killed vaccines produced from 
infected ticks and from infected yolk 
sacs afford considerable protection 
against the disease. Therapeutic anti¬ 
sera have been produced by the injection 
of rabbits with tick virus and with in¬ 
fected yolk sac. No cross immunity 
between spotted fever in guinea pigs 
recovered from infections with Rickett¬ 
sia rickettsii and typhus in guinea pigs 
recovered from infections with Rickettsia 
prowazekii and Rickettsia typhi. Cross 
immunity between spotted fever in 
guinea pigs recovered from infections 
with Rickettsia rickettsii and bouton- 
neuse fever in guinea pigs recovered from 
infections with Rickettsia conorii, but 
spotted fever vaccine does not protect 
against boutonneuse fever of the Medi¬ 
terranean area or against infections with 
the South African strains of Rickettsia 
conorii. 


* Erroneously applied by do Amaral and Monteiro to the so-called eastern type 
of Rocky Mountain spotted fever.—Editors. 
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Serology: Distinguishable from Rick- 
cltsia prouazekii and Rickettsia tijphi by 
compleruent fixation and agglutination 
with specific antigens. Distinguishable 
from Rickettsia Conor ii by complement 
fixation, though some degree of cross 
fixation indicates antigenic relationship. 
Has common antigenic factor with Pro¬ 
teus 0X19 but not distinguishable from 
Rickettsia prouazekii and Rickettsia 
tijphi by Weil-Felix test. 

Resistance to chemical and physical 
agents: Readily inactivated by heat and 
chemical agents. Destroyed by a tem¬ 
perature of 50®C in 10 minutes, and by 
0.5 per cent phenol and 0.1 per cent 
formalin. Destroyed by desiccation in 
about 10 hours. 

Pathogenicity: Pathogenic for man, 
monkeys and guinea pigs. Rabbits and 
white rats are moderately susceptible. 
Animals susceptible in varying degrees 
include species of ground squirrels, tree 
squirrels, chipmunks, cotton-tail rabbits, 
jack rabbits, snowshoe rabbits, marmots, 
wood rats, weasels, meadow mice and 
deer mice. In Brazil the opossum, rab¬ 
bit, dog and cavy have been found natu¬ 
rally infected and the Brazilian plains 
dog, capybara, coati and certain bats 
are also susceptible. Sheep are mildly 
susceptible. 

A febrile reaction occurs in guinea pigs 
with typical scrotal lesions, involving 
petechial hemorrhages in the skin, which 
may become necrotic. Virulent strains 
kill 80 to 90 per cent of the animals, 
milder strains kill 20 to 25 per cent. 
Passage in guinea pigs is accomplished by 
transfer of blood from infected animals. 
A febrile reaction accompanied by exan¬ 
thema occurs in man. Mortality is high 
in some localities, low in others. 

Source: Seen by Ricketts (Jour. Amer. 
Med. Assoc., 62, 1909, 379) in the blood 
of guinea pigs and monkeys experimen¬ 
tally infected with Rocky Mountain 
spotted fever and in the salivary glands, 
alimentary sac and ovaries of infected 


female Dermacenior ticks and in their 
ova. 

Habitat: Infected wood tick {Derma- 
centor amlersoni) and the dog tick 
macentor variahilis), also the rabbit tick 
{Haemaphysalis leporis-paluslris), Am- 
blyomma brasiliensis, Amblyomrna 
cajennense, Amblyomma striatum, Am- 
blyomma amen'canwm and l3:odes denta 
tus. A number of ticks belonging tothe 
genera Ainblyomma, Dermacenior, Rhtin- 
cephalus^ OTniihodoros and f aema 
physalis have been experimental y 
infected. The virus is transmissible 
through the ova of female ticks. 1 
etiological agent of Rocky Moan i 
spotted fever, Sa6 Paulo exanthematic 
typhus of Brazil, Tobia fever of Colombi 
and spotted fever of Minas Geraesj;^icb 
are all transmitted to man by the bi 
infected ticks. 


4. Rickettsia conorii Brump ■ 
irumpt, Compt. rend. Soc. Biol., ' 

0, 1932, 1199; Rickettsia ' 

jperi do Amaral and Monteiro, ® 
fst. Butantan. 7, 1932, 361; 
inci Caminop6tros, 1" Cong. Intc^ ■ 
yg. Mediterr.. Rapports et Co^ 
nl. 1932, 202; Dermacenlrox^^^ 

ckeilsi var. pi jperi Mason and «• 

,r, Onderst. Jour. Vet. Sc. and An 
,du 3 t., IS, 1939, 74; Dermoeeni or^^^, 
ckeilsi var. conori Mason an , 

ider, ibid.-, Dermocenlroxenus om 

einhaus. Insect Microbiology, 

9.) Named for A. Conor who »* “ 
ruch published in 1910 the first ^ 

1 description of boutonneuM f 
Resembles Rickeltsia nc 
le tick, diplococcoid and d‘P> ^ 
rms predominate, **'®“*^ they 
3 kettsiae occur m compact 
e smaller and more " late, 

iltures the 

plococcoid, and diplo the 

irring in the nuclei as well ^ 
•toplasm of the ceUs. 

r 1 to 1.75 etaio. 

Stain purplish with the G 
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blue with the Castauedu stain and bright 
red with a blue background with the 
Machiavello stain. Gram-negative. 

Cultivation: May be cultivated in 
plasma tissue culture of mammalian cells, 
in modified Maitland media, and in the 
yolk sacs of chick embryos. 

Immunology: The disease is related 
immunologically to Rocky Mountain 
spotted fever with which it cross im¬ 
munizes, but the spotted fever vaccine 
does not protect against the Mediterra¬ 
nean and South African strains of bou- 
tonneuse fever. 

Serology: Distinguishable from Hick- 
etlsia ricketisii by complement fixation. 
Has a common antigenic factor with 
Proteus 0X19 and 0X2. 

Pathogenicity: Pathogenic for man and 
guinea pigs. It is also pathogenic in 
varying degrees for dogs, horses, spermo- 
philes, monkeys, rabbits, gerbilles and 
white mice. 

Boutonneuso fever is a much less 
virulent infection for the guinea pig than 
Rocky Mountain spotted fever. A tem¬ 
perature reaction occurs, accompanied 
by scrotal swelling but there is no slough¬ 
ing. There is practically no mortality. 
Passage in guinea pigs is accomplished 


by transfer of blood from an infected 
animal. 

In man, localized primary sores (tiiches 
noires) and an inflammatory reaction in 
the regional lymph nodes occur at the 
site of the tick bite. A febrile reaction 
with exanthema occurs and mortality is 
low. 

Source: Seen by Caminopdtros 

(Compt. rend. Soc. Biol., Paris, 110, 1932, 
344) in smears from the tunica vaginalis 
of guinea pigs inoculated with infected 
dog ticks {Rhipicephalus sanguineus). 

Habitat: The brown dog tick (Rhipi¬ 
cephalus sanguineus) and also the ticks, 
Amblyo?nma hebraeu7n, Ilaemaphysalis 
leachi, Rhipicephalus appendiculatus and 
Boophilus decoloralus. Transmissible 
through the ova of adult female ticks. 
The probable animal reservoir is the dog. 
The etiological agent of boutonneuse 
fever in man, also known as eruptive, 
Mediterranean or Marseilles fever and 
probably Kenya typhus and South Afri¬ 
can tick bite fever, though the identity 
of the latter with boutonneuse fever has 
been questioned. 

5. “Rickettsia tsutsugamushi (Haya- 
shi) Ogata. (Theileria tsutsugamushi 


® Some may question the use of this binomial on the ground that Hayashi thought 
that this species was possibly or probably protozoan in nature when he proposed the 
name Theileria tsutsugamushi (loc. cit.) in 1920. However he questions whether 
Theileria is the correct generic name in this i)aperand accepts the viewpoint that this 
organism is a rickettsia in a paper published in 1924 entitled. On Rickettsia, Trans. 
Jap. Path. Soc., 14 , 1924, 198-201. He does not use the binomial Rickettsia Isulsuga- 
mwsAt in this paper as indicated by some of his friends in latter papers fOgata, loc. cit., 
Kawamura, loc. cit.) and apparently first uses it himself in a paper entitled, On 
Tsutsugamushi Disease, Jap. Path. Soc., 1932, 686. 

Hayashi was not the first to recognize the probable rickettsial nature of the organ¬ 
ism of the tsutsugamushi disease (see Blake et al., Amer. Jour. Hyg., 41, 1945,257-262) 
and some even question whether any of the bodies that he found in human lympho¬ 
cytes from lymph nodes, in mononuclear endothelial phagocytes of the spleen and 
lymph nodes, and in tissues taken from the region of the mite bite in patients suffering 
from tsutsugamushi fever were the same as organisms described as Rickettsia orien- 
tdlis by Nagayo et al. (loc. cit.). 

This position is not supported, however, by Nagayo and his associates who admit 
that their organisms are identical with some of the organisms described by Hayashi. 
Mitamura (Trans. Jap. Path. Soc.,f/, 1931,463) sums this upas follows: “Wirstellen 
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Hayashi, Jour. Parasit., 7, 1020, 63; 
*Rickeft.'^ia nricntalis Xagayo, Tamiya, 
Mitamura and Sato, Jikkcn Igaku 
Zasshi, 14, May 20,1930,8 Rickettsia 
tsutsugainushi Ogata, Cent. f. Bakt., 
I Abt., 122, ,240, Rickettsia akamushi 

Kawanmraand Iinagawa, ibid., 122, 1931, 
258; Rickettsia orienlalis var. schiiffncri 
do Amaral and Monteiro, Mem. Inst. 
Butantan, 7, 1032, 360; Rickettsia meg- 
aici do Amaral and Monteiro. idem; 
Rickettsia megawi va.T.Jlctcheri do Amaral 
and Monteiro, ibid., 361; Rickettsia 
tsutsugamushi-oricntalis Kawamura, Nis- 
shin Igaku, 23 ,1934 , 000; Rickettsia pseu- 
dotyphi Vervoort, see Donatien and 
Lestoquard, Acta Conv. Tcrtii Trop. 
atque malariae morbis, pars I, 1938, 
564; Rickettsia sumatranus (sic) Kou- 
wenaar and Wolff, Proc. 6th Pacific Sci. 
Cong. (1939), 6 , 1942, 636; Dermacen- 


troxeaus orientalis Moshkovsky, Uspekhi 
Souremennoi Biologii (Russian) (Ad¬ 
vances in modern biology), 19, 1945, 13.) 
From two Japanese ideographs trans¬ 
literated tsutsuga, something small and 
dangerous, and mushi, a creature now 
known to be a mite. If the i ending is 
accepted as forming a Latin genitive 
the modern meaning of the species name 
tsutsugainushi, would be ‘of a dangerous 
mite’. 

Small pleomorphic bacterium-like mi¬ 
croorganisms, usually thicker than Rick¬ 
ettsia prowazekii, Rickettsia typhi, Rick¬ 
ettsia ricketlsii and Coxiella burnetii and 
less sharply defined. Ellipsoidal or rod- 
shaped, often appearing as a diplococcus 
or as a short bacillus with bipolar stain¬ 
ing resembling the plague bacillus. Di " 
fusely distributed in the cytoplasm of 

the cell. Size 0.3 to 0.5 by 0.8 to 2 


nicht in Abrede dass Herr Hayashi bei einem kleinen Toil der von ihn beschriebeaen 
Korperchen unsere Rickettsia orientalis vor sich gehabt hat”. Playashi vigorous X 
defends his own observations in the same discussion and the following year a 
making comparative studies of strains of Rickettsia orientalis and his ow'n Ric 'C 
tsutsugamushi reaches the following conclusion (loc. cit.) ‘'Rickettsia tsutsugf^^^^ 
and Rickettsia orientalis refer to one and the same species of microorganisms ,, 

seems to be no w'ay in which one can be recognized as differing from the o er^ 
Under these conditions the only valid name appears to be Rickettsia tsutsugamus *• 
Editors. 

* These authors publish practically the same preliminary paper in three 
places as follows: Compt, rend. Soc. Biol., Paris, 104, June 14, 1930, 637 i * 
Jour. Exper. Med., 8 , Aug. 20, 1930, 309-318 and Trans. Jap. Path. \ 

556-566. The complete report on this work did not appear until the following y 
Jap. lour. Exper. Med., 9, March 20, 1931, 87-150.—Editors. 

t This binomial apparently first appears in the literature in a review ^ 

Kawamura (Handbuch der path. Microorganismen, Kolle and The 

8 , 1930,1398) where it is used incidentally and is attributed to HayMhi, 
fact that Hayashi did not use Rickettsia tsutsugamushi before 1931 is con 
Mitamura (Trans. Jap. Path. Soc., SI, 1931,463) who states in a 
und Ogata geben an, dass Hayashi 1923 fur den Erreger den Namen Rtc*:e 
gamushi vorgescldagen hat. Eine solche Angabe Hayashi, is nicht nur 
auch dem Autor, wie er uns personlich erzahlt, unbekannt.” Ogata app 

used Rickettsia tsutsugamushi in the title of a paper that he Transactions 

8th Cong. Far East .\ssoc. Trop. Med. which, however, appeared in tne 

of the Congress, June, 1932, 167-171. Meanwhile, the ^ orig. 

discussion of the nomenclature appeared in the Cent. f. ^ctablishing the 

Oct. 1, 1931, 249-253 and it is this paper that is usually regarded as 

use of Rickettsia tsutsugamushi for this species.—Editors. 
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microns. Non-motile. Colored purplish 
with the Giemsa stain, and red against 
a blue background with the Machiavello 
stain. Stains well with azur III and 
methylene blue. Gram-negative. 

Cultivation: In plasma tissue culture 
of mammalian cells; on the chorio-allan- 
toic membrane and in the yolk sac of the 
chick embryo; in rabbit testes and in the 
endothelial cells overlying Descemet’s 
membrane of the rabbit eye. 

Immunology: Immunity conferred by 
infection appears less complete than in 
typhus and Rocky Mountain s|X)tted 
fever. Strains from several different 
areas have been found to cross immunize 
in guinea pigs, but the true relationship 
of the disease occurring in difTerent 
localities remains to be determined. 
Reciprocal cross-immunity between mite 
strains and human strains has been 
demonstrated in rabbits, hamsters and 
mice. 

Serology: Antigens from difTerent 
strains vary in sensitivity when tested 
by complement fixation with immune 
sera. There are probably a number of 
different types on the basis of comple¬ 
ment fixation with immune sera. Has a 
common antigenic factor wdth Proteus 

nv-K. 

Resistance to chemical and physical 
agents: Readily inactivated by heat and 
chemical agents. Destroyed by a tem¬ 
perature of 50®C for 10 minutes, and by 
0.1 per cent formalin and 0.5 per cent 
phenol. 

Pathogenicity: Pathogenic for man, 
monkeys, gibbons, guinea pigs, hamsters, 
rats, voles, mice, gcrbilles, rabbits (by 
intraocular injection) and chick embryo. 
There is wide variation in the virulence 
of different strains for laboratory ani¬ 
mals, infection being established w'ith 
great difHculty with some, while others 
may cause a high mortality. 

A febrile reaction occurs in guinea pigs. 
Passage in guinea pigs and mice is ac¬ 
complished by inoculation of infected 
spleen or blood from an infected animal, 


passage in rabbits by intraocular inocu¬ 
lation of blood, lymph node or organ 
emulsions of infected animals. Ascites, 
enlarged spleen often with a fibrinous 
deposit are characteristic. 

In man an eschar with adenopathy de¬ 
velops at the site of the mite bite. In 
scrub typlms the escliar is not present. 
A febrile reaction with exanthema occurs 
and mortality is variable. 

In rabbits infection of Desceinet's 
membrane follows intraocular injection 
of infected material. 

Source; Seen by Ilayashi in smears 
and sections of the lesion (eschar) at the 
site of the mite bite and in smears and 
sections of the adjacent lymph nodes 
from cases of the disease; also seen by 
Nagayo etal. {loc. cit.) in the endothelial 
cells overlying Desceinet's membrane in 
rabbits inoculated intraocularly with in¬ 
fectious material. 

Habitat: The mites {Trombicula aka- 
7nushi, Trombicula deliensis syn. 'I\ 
walchi, Trombicula Jletcheri and probably 
several others). Infective through the 
ova of the adult female. Only the larvae 
feed on rodents or man. Reservoir hosts 
are probably certain wild rodents, in¬ 
cluding house and field rats, mice and 
voles and probably some birds. The 
etiological agent of tsutsugamushi disease 
and scrub typhus (for numerous other 
designations of the disease see Farner 
and Katsampes, U. S. Naval Med. Bull., 
43, 1944, 800). 

Note : Rickettsia nipponica Sellards. 
(Sellards, Amer. Jour. Trop. Med., 5, 
1923, 545; Ricketlsoides nipponica da 
Rocha-Lima, in Kolle and Wassernmn, 
Handb. d. path. Mikroorganismen, 3 
Aufi., 8 , 1930, 1350.) This problemati¬ 
cal organism was thought by its author 
to be the cause of tsutsugamushi disease. 
Because it was cultivatible by the meth¬ 
ods used by Sellards, it is not now re¬ 
garded as identical with Rickettsia tsutsu¬ 
gamushi Ogata. Ricketlsoides nipponica 
is the type species (monotypy) of the 
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genus Rickedsoidcs da Hocha-Lima {loc. 
cif.). 

6. Rickettsia akari Huobner, Jellison 
and Pomorantz. (Pub. Health Uept.,^/, 
1946, 1682A From .-Icorj/s, a genus of 
mites. 

Minute diplobacilli, occurring intra- 
cellularly and extracellularly, and bi- 
polarly stained rods. Resemble typical 
rickettsiae morphologically. Non-mo- 
tile. 

Stain well by Machiavello's method, 
the organisms appearing bright red 
against a blue background. Stain poorly 
with methylene blue. Gram-negative. 
Occur intracytoplasmically and have 
been seen intranuclearly in yolk sac cells. 

Cultivation: In the yolk sac of the 
chick embryo. No growth on artificial 
culture media. 

Immunology: Guinea pigs recovered 
from rickettsialpox are immune to infec¬ 
tion with strains isolated from infected 
mites. 

Serology: .Antigens prepared from in¬ 
fected yolk sacs are highly specific except 
for cross reactions with Rocky Mountain 
spotted fever antigens. Sera from con¬ 
valescent patients fixed complement with 
the homologous antigen and usually with 
Rocky Mountain spotted fever antigens 


though at a lower titer. Does not have 
a common antigenic factor with Proteus 
strains except that low titers were ob¬ 
tained in a few recovered cases in agglu¬ 
tination tests with Proteus 0X19. 

Pathogenicity: Pathogenic for man 
with focal initial erythematous lesion 
and adenopathy, followed by fever and 
appearance of macular rash. No mortal¬ 
ity. Experimental infections have been 
produced in white mice and guinea pigs 
by the inoculation of infected blood (ir¬ 
regularly), and of infected liver and 
spleen suspensions, infected brain, in¬ 
fected lymph nodes, tunica washings of 
infected animals and by infected yolk 
sacs. Symptoms in mice include inac¬ 
tivity, accelerated respiration, ruffle 
fur, with occasional deaths; in guinea 
pigs, fever and marked scrotal reactions. 
Infected embryos are killed in 4 to 
days. It has not been found pathogenic 
for monkeys, distinguishing it 
Rickettsia conorii. It is also ^ 

more pathogenic for white mice t an 

Rickettsia conoru. . 

Source: Blood of a human case o 

rickettsialpox in New York City. 

Habitat: Blood of human cases and a 
ectoparasite of rodents, the mite ( 
dermanyssus sanguineus Hirst), 
etiological agent of human rickettsia po- 


Genus II. Coziella Philip. 

(Subgenus Coxiella Philip, Amer. Jour. Hyg., 37,1943,306; Coxiella Philip, Pub. 
Repts., U. S. P. H. S., GS, Jan. 9, 1948, 58; not Bengtson, gen. nov. as stated m 

printing Manual, 6th ed.. Jan. 26, 1948, 1092.) Rularly 

Small, pleomorphic, rod-shaped and coccoid organisms, occurring intrace 
in the cytoplasm and extracellularly in infected ticks. Stain lightly wt *j| 
dyes. Gram-negative. They are filterable. Have not been cultivated in c 
media. Parasites of man and animals which include the etiological agent o 
The type species is Coxiella burnetii (Derrick) Bengtson. 


1. Coziella burnetii (Derrick) Bengt¬ 
son comb. nov. (Rickettsia bumeti Der¬ 
rick, Med. Jour. .Australia, 1, 1939, 14; 
Rickettsia diaporica Cox, Pub. Health 
Rep., 54, 1939, 1826; Rickettsia bumeti 


americana, Anon., Brit. 

41,588; Richellsia ) 

ip. Amer. Jour. Hyg.. S7, 1W3,^ 
ied for F. M. Burnet who discove 

or^nism in Australia. 
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Small bacterium-like, pleomorphic or¬ 
ganisms varying in size from coccoid 
forms to well marked rods. Occur as 
cytoplasmic micro-colonies with diffuse 
or compact distribution of the organisms 
through the cytoplasm. Also seen ex- 
tracellularly, wliere they appear as small 
lanceolate rods, diplobacilli and occa¬ 
sionally segmented filamentous forms. 
Chains of 3 to 6 elements often seen. 
Quite uniform in size and rnorphologj' in 
infected yolk sacs and in mouse spleen 
with e.xceedingly minute forms in heavily 
infected material. Small lanceolate rods, 
0.25 by 0.4 to 0.5 micron, bipolar forms 
0.25 by 1.0 micron, diplobacilli 0.25 by 
1.5 microns. Non-motile. 

With Giemsa’s stain they appear red- 
dish-purple, with Machiavello's stain 
bright red against a blue background. 
Gram-negative. 

Cultivation: May be cultivated in 
plasma tissue cultures, in modified Mait¬ 
land media and in the yolk sac of chick 
embrj'os. 

Immunology: There is complete cross 
immunity between Australian and 
American strains of Q fever in guinea 
pigs. Strains from other parts of the 
world also cross immunize. 

Serology: American and Australian 
strains are identical by agglutination and 
agglutinin absorption. Strains from 
various countries are serologically related 
as shown by complement fixation. Q 
fever is distinguishable from other 
rickettsial diseases by complement fixa¬ 
tion tests. No common antigenic factor 
with any Proteus strain has been demon¬ 
strated . 

Filterability: The infectious agent of 
Q fever readily passes Berkefeld N filters 
which are impermeable to ordinary bac¬ 
teria and W filters which are impermeable 
to typhus and spotted fever rickettsiae. 

Resistance to chemical and physical 
agents: Comparatively resistant to heat, 
drying and chemical agents. Survives 
at least 109 days in cell-free media with¬ 


out loss of titer, resistant to for 1 
hour and to 0.5 per cent formalin and I 
per cent phenol when testetl in fcililo 

Pathogenicity: Pathogenic for man, 
guinea pig and the wliite mouse. The 
monkey, dog, white rat and rabbit are 
mildly susceptible. Certain bush ani¬ 
mals in -Vustmlia, particularly the bandi¬ 
coot, are susceptible and these animals 
have been found naturally infected. 
Other rodents and marsupials are mildly 
susceptible. Calves have been experi¬ 
mentally infected and cows have been 
found recovered from naturally acquired 
infections. 

A febrile reaction occurs in guinea pigs 
but mortality is low e.xcept with heavily 
infected yolk sac which causes a high 
mortality. Ou subcutaneous or intra- 
dermal inoculation a marked inflamma¬ 
tory thickening of the skin occurs at the 
site of inoculation. On autopsy the 
spleen is enlarged from 2 to 12 times by 
weight and is engorged with blood. 
Transfer in guinea pigs and mice is ac¬ 
complished by transfer of infected liver 
and spleen. \ febrile reaction often ac¬ 
companied by pneumonitis occurs in 
man, but mortality is low. 

Source: First seen in smears from mice 
inoculated intraperitoneally with infec¬ 
tious material by Burnet and Freeman 
(Med. Jour. Australia, 2, 1937 (2), 281). 

Habitat: The wood tick (Dermacenlor 
andersoni) and the ticks, Dermacenlor 
occidentalis, Amblyomma americanurn, 
flaernaphysalis leporis-palustris, Ixodes 
dentalus and Ilaemaphysalis hunierosa. 
Several other species of ticks have been 
shown to transmit experimentally the 
virus of Q fever. It has been found to 
survive in the ova of the female ticks 
(Dermacenlor andersoni and Ilaemaphy¬ 
salis humerosa). The bandicoot (Isodon 
macrurus) is probably the natural reser¬ 
voir of the disease in Australia. The 
etiological agent of Q (Queensland) fever 
in man. 
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Genus III. Cowdria Benglson, gen. nov. 

Named for E. V. Cowdry who first described the organism in heart-water of three 

ruminants, sheep, goats and cattle. 

Small pleomorphic, spherical or ellipsoidal, occasionally rod-shaped organisms, 
occurring intracellularly in ticks. Gram-negative. Have not been cultivated m 
cell-free media. Parasites which are the etiological agent of heartwater of cattle, 
sheep and goats. 

The type species is Cowdria ruminantium (Cowdry) Bengtson. 


1. Cowdria ruminantium (Cowdry) 
Bengtson, comb. nov. {Ricketlsia rumf- 
nantium Cowdry, Jour. Exp. Med., 4^, 
1925, 231; Rickettsia {Cowdria) rumi¬ 
nantium Moshkovsky, Uspekhi Soure- 
mennoi Biologii (Russian) (Advances in 
Modern Biology), 19, 1945, 18.) From 
M. L. Ruminantia, the cud-chewing 
mammals. 

Differ morphologically from typical 
rickettsiae, showing usually spherical 
and ellipsoidal forms; occasionally bacil¬ 
lary forms. Irregular pleomorphic forms 
occur. Grow in the cytoplasm of cells, 
sometimes in densely packed masses. 
Size of cocci from 0.2 to 0.5 micron in 
diameter in the endothelial cells of ani¬ 
mals, 0.2 to 0.3 micron in diameter in 
ticks. Bacillary forms 0.2 to 0.3 by 0.4 
to 0.5 micron and pairs 0.2 by 0.8 micron 
in ticks. Non-motile. 

Stain blue with the Giemsa stain and 
can also be stained by methylene blue 
and other basic aniline dyes. Gram¬ 
negative. 

Cultivation not reported. 

Immunology: Immunity incomplete 
after recovery from the infection. The 
organisms are found in the tissues long 
after recovery. There is some evidence 
of a variety of strains. 

Pathogenicity; Pathogenic for goats, 
sheep and cattle. Transmissible to goats 
by inoculation of infected blood intra- 
jugularly. The most characteristic le¬ 
sion is the hydropericardium of infected 
animals. The only small animal shown 
to be susceptible is the ferret. 

Source: Seen in the endothelial cells 
of renal glomeruli and in the endothelial 
cells of the cerebral cortex of animals suf • 


fering from heartwater and in the tick, 

Amblyomma hebraeum. 

Habitat: The bont tick {Amhlyornma 
hebraeum) and also Amblyomma variego- 
tum. When the tick is infected in the 
larval state, it can transmit the infection 
to the nymphal and adult stages, but the 
disease is not transmissible through t e 
ova of the adult female tick. The etio¬ 
logical agent of heartwater in sheep, 
goats and cattle in South Africa. 

Appendix I: Further studies of t^be 
organism of trench fever are required e 
fore the relationship of Rickettsia 
tana to the other more firmly establis e 
species of rickettsiae can be determine 
Therefore, it is placed in this appendix. 


1. Rickettsia quintana Schmink - 
(Schminke, Miinch. med. Wchnschr., 
July 17, 1917, 961; Rickettsia 
Jungmann and Kuezynski, Ztschr. 

Med., 85, 1918, 261; Fossilis 
suggested as a possible « 

necessary” by Megaw, Trop- H'S* 


, 1943,828.) . ...u 

Probable synonym: Rickema ped^^^ 
link and da Rocha-Lima, MOnch. 
:hnschr., 64, 1917, 1423. 

Doccoid or ellipsoidal 

,en occurring in pairs, more p j’ 

uning more deeply with the G.e.^ 
.in than fi.cleKsra 
icha-Lima gives their size as ^ 

cron by 0.3 to 0.5 micron_ I" 
pear as short rods. 

, -ra_4tAined. ixou 


tile. 

Stain reddish-violet 
stain. Gram-negative. 


with the 
Occur 


Giema* 

extrt' 
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cellularly in the region of the epitlielial 
lining of the gut of the louse. 

Cultivation; Has not been cultivated 
in tissue culture or any cell-free medium, 
though Rickettsia pedicuU, considered by 
some identical with Rickettsia quintana, 
has been cultivated on human and horse 
blood agar. 

Pathogenicity: Pathogenic for man, 
causing recurrent fever. No strain has 
been definitely established in laboratory 
animals. 

Immunology: Partial immunity is pro¬ 
duced after an attack of the disease. 
The disease is characterized by relapses 
which may occur as long as two years 
after the initial attack. 

Distinctive characteristics: The or¬ 
ganism resists a temperature of CO^C 
moist heat for 30 minutes or a dry heat 
at 80®C for 20 minutes. It resists desic¬ 
cation in sunlight for -1 months. It is 
filterable under certain conditions but 
not when in plasma or serum. It is 
present in filtrates of infected vaccine 
sediments and excrements of infected 
lice. 

Source: Seen in lice fed on trench 
fever patients by Topfer (Miinch. med. 
Wchnschr., 61, 1916, 1495). 

Habitat: The epithelial lining of the 
gutof the body louse {Pediculus humanus 
var. corpons) where they occur extra- 
cellularly, and Pediculus capitis. Tlic 
virus is not transmissible through the 
ova. May be the etiological agent of 
trench fever (Wolhynian fever, shin 
bone fever, five-day fever). 

Appendix II: Additional named species 
are included in Chapter V, Rickettsiae, 
in Steinhaus, Insect Microbiology. 
Ithaca, 1946, 304-328. Some differ 

morphologically and tinctorially from 
typical rickettsiae, some are not asso¬ 
ciated with an arthropod vector, some 
have been incompletely studied and 
described, some have been cultivated in 
cell-free media. Pending the completion 
of further studies involving possible 


cultivation in fertile eggs, the determina¬ 
tion of biological properties, and ade¬ 
quate comparative immunological and 
serological studies, no attempt is made 
to classify these organisms. The de¬ 
scriptions are condensed from those given 
by Steinhaus: 

Ehrlichia (Rickettsia) kurlovi Mosh- 
kovsky. (Compt. rend. Soc. Biol., Paris, 
126, 1937, 379; Ehrlichia kurlovi Mosh- 
kovsky, Uspekhi Souremennoi Biologii 
(Russian) (Advances in Modern Bi¬ 
ology), 19, 1945, 12.) Found in the 
monocytes of guinea pigs. Described by 
Kurloff in 1889 as inclusions in the mono¬ 
nuclear cells of guinea pigs and other 
animals. These became known as Kur¬ 
loff bodies. However, the parasitism of 
these bodies is questionable. 

Rickettsia avium Carpano. (Riv. Pat. 
Comp., Jan.-Feb., 1936, 1.) Minute 
bodies in the leucocytes and tissue cells 
of a bullfinch (Pyrrhula europea) brought 
to Egypt from Germany. Donation 
and Lestoquard (.\rch. Inst. Pasteur 
Alg(5rie, 15, 1937,142) suggested that this 
organism might have been that of psitta¬ 
cosis. 

Rickettsia bovis Donation and Lesto¬ 
quard. (Donation and Lestoquard, Bull. 
Soc. Path. Exot.1930, 1057; Ehrlichia 
bovis Moshkovsky, Uspekhi Souremen¬ 
noi Biologii (Russian) (Advances in 
Modern Biology), 19, 1945, 18.) Con¬ 
cerned in a disease of cattle which is 
transmitted by an unidentified tick of 
the genus Hyalomma. The organism 
occurs in circular or round-angled jwly- 
gonal masses which consist of a large 
number of tightly pressed, minute 
spherical granulations. These masses 
are situated in the cytoplasm of various 
monocytes. The organism causes a rela¬ 
tively light febrile disease in cattle, and 
an inapparent infection in sheep and 
fever in monkeys. 

Rickettsia canis Donation and Lesto¬ 
quard. (Donatien and Lestoquard, Bull. 
Soc. Path. Exot., 28, 1935, 418; Ehrlichia 
(Rickettsia) canis Moshkovsky, Compt. 
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rend. Soc. Biol., Paris, 126, 1037, 382; 
Ehrlichia canis Moshkovsky, Uspekhi 
Souremennoi Biologii (Russian) (Ad¬ 
vances in Modern Biology), 19, 1945, 18.) 
Moshkovsky selects this species as the 
type species of the subgenus Ehrlichia 
Moshkovsky {Inc. cit.). Found in dogs 
used for experimental purposes in Al¬ 
geria. .\ppears to be transmitted natu¬ 
rally by the dog tick {Rhipicephalus 
sanguineus). All active stages of the 
tick transmit the organism and it passes 
intraovarially from the female to the 
larvae of the next generation. The or¬ 
ganisms are generally spherical in shape 
and can be seen in the circulating mono¬ 
cytes. The infection causes a serious 
and often fatal illness in dogs. Small 
laboratory animals are not susceptible 
to the disease. 

Rickettsia conjunclivae, Rickettsia con- 
junctivae bovis and Rickettsia conjunc- 
tivae gain, see Family HI, Chlamtjdozo- 
aceae. 

Rickettsia ctenocepkali Sikora. (Arch. 
Schiffs- u. Tropenhyg., 22, 1918, 442.) 
Found in cat fleas (presumably Cteno- 
cephalides felis) on the surface of the 
organs in the body cavity and in the coe- 
lomic fluid. Two formswere found which 
might be two species, one resembling 
Rickettsia pediculi and the other Rickett¬ 
sia melophagi. Hertig and Wolbach 
(Jour. Med. Res., U, 1924, 329) found 
Rickettsia ctenocepkali to vary in size 
and shape from minute cocci to rather 
large, swollen, curved rods, staining 
reddish with the Giemsa stain. 

Rickettsia culicis Brumpt. (Ann. Para- 
sitol. Hum. et Comp., 16, 1938, 153.) 
Found in the stomach epithelium of 
mosquitoes {Culexfatigans) 12 days after 
they had been fed on a patient carrying 
Microfilaria bancrofti. Thought to be 
pathogenic for the mosquito and possibly 
for man. Occurs in the form of small 
granules and more often as small bipolar 
rods. Stains with haemalum, erythro- 
sine-orange and toluidine blue. Gram- 
negative. 


Rickettsia dermacentrophila Steinhaus. 
(Pub. Health Repts., 57, 1942, 1375.) 
Found in all stages of the wood tick {Der- 
macentor andersoni). In the epithelial 
cells of the intestinal diverticula and 
other tissues of the tick, usually extra- 
cellularly but sometimes intracellularly. 
Not seen in the nuclei of cells. Gram- 
negative and staining red with the Mach- 
iavello stain, and bluish-purple wit 
the Giemsa stain. Stains less deeply 
with ordinary bacterial stains than most 
bacteria. Resembles Rickettsia rickett- 
sii morphologically but is slightly larger. 
Not pathogenic for laboratory animals or 
for some of the natural hosts of Dertna 


ntor andersoni. 

Rickettsia hirundinis Cowdry. 
xp. Med., S7, 1923, 431.) An organism 

)served by Arkwright, Atkin and 
?*arasitology, IS, 1921, 27) in the tiMue* 
Cimex hirundinis which is probawy 
le same organism to which Cowdiy 
rred as Rickettsia hirundinis. 
dered by Steinhaus as a nomen nudum. 

Rickettsia kairo da 
:airo rickettsia, Arkwright and M . 
rit. Jour. E.xper. Path., 4, 1923, » 

echa-Lima, in Kolle and Wa^^’ 
andb. d. path. Mikroorg., 3 » 

30,1361.) Resembles Ricketlma roe 
ixae and Rickettsia prowau^i- 
Rickettsia lectularia Arkwright, 
id Bacot. (Parasitology, 15, _ 

mnd in the gut of the bedbug 
Hularius) as filamentous 
aped organisms. It seems P . 
at all bedbugs 

id it is also present in the dev P 

a. The location is intracellular. j 

eomorphic, ranging from .j 

rms to thread-like fornw- 
ccoid and diplococcoid o 
purple with the 
.ciliary, lanceolate and ‘^re* 
ain more red than purple 
iemsa stain. Not infective for sn*" 

boratoiy animals or 

RickeUtia linovnotk* Hindi ' ^ 

^logy, fS, 1921, 152.) Found « 
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alimentary tract of the goat louse (Lino- 
gnathus sienopsis). Resembles Rickelt- 
sia trichodectae morphologically and oc¬ 
curs only extracellularly in the lumen of 
the gut. 

Rickettsia melophagi Nbller. (Arch. 
Schiffs- u. Tropenhyg., Bl, 1917, 53.) 
Found upon and in the cuticular layer 
covering the epithelium of the raidin- 
testine of the sheep tick {Melophagus 
ovinus). Occurs characteristically in 
pairs of fairly uniform size, coccoid and 
sometimes rod-shaped. Gram-negative 
but stains fairly well with carbol-fuchsin 
and gentian violet. Stains deep purple 
with Giemsa’s method and bright red 
with Machiavello’s method. Has been 
cultivated on non-living culture media, 
a glucose-blood-bouillon agar medium. 
The ability of Rickettsia melophagi to 
infect sheep has been the subject of 
contradictory claims. Small laboratory 
animals seem not to be susceptible. 

Rickettsia ovina Lestoquard and Dona¬ 
tion. (Lestoquard and Donation, Bull. 
Soc, Path. Exot., S9, 1936,108; Ehrlichia 
ovina Moshkovsky, Usphekhi Soure- 
mennoi Biologii (Russian) (Advances in 
Modern Biology), i5, 1945, 18.) Found 
in the blood of diseased sheep from 
Turkey and Algeria. The organisms oc¬ 
cur as minute coccoid granules, grouped 
in masses and present only in the mono¬ 
cytes and never in endothelial cells. 
They stain uniformly dark red with the 
Giemsa stain but did not stain with the 
Castaheda technic. Infected ticks {Rhi- 
picephalus bursa) are thought to be the 
vectors. 

Rickettsia pieces Mohamed. (Ministry 
Agr., Egypt., Tech. Sci. Serv. Bull. 214, 
1939, 6 pp.) In the monocytes and 
plasma of the blood of a fish (Tetraodon 
fahaka) showing necrotic ulcers on its 
head and both sides of the body. The 
heart, liver and intestines showed le¬ 
sions. The organisms were minute coc¬ 
coid forms varying from 0.2 to 0.4 micron 
in diameter and frequently occurring in 
pairs. 


Rickettsia rocha-limae Weigh (Prz- 
glad. Epidemj., 1 , 1921, 375.) Occurs 
in lice {Pcdiculus hurnanus) but is ap¬ 
parently non-pathogenic either to lice or 
to vertebrates. Larger and more pleo¬ 
morphic than Rickettsia prowazekii. In 
smears or sections of the gut of lice, 
Rickettsia rocha-limae occurs in agglomer¬ 
ated masses, grouped like staphylococci. 
They occur both extracellularly and in- 
tracellularly and stain more deeply than 
Rickettsia prowazekii. Weigl claims to 
liave cultivated this species on artificial 
culture media under anaerobic condi¬ 
tions. Not pathogenic for laboratory 
animals or man. 

Rickettsia suis Donatien and Gayot. 
(Bull. Soc. Path. Exot., 35, 1942, 324.) 
Causes a disease in swine, the pathology 
of which resembles heartwater of rumi¬ 
nants. See Genus III, Cowdria, Family 
Rickettsiaceae. 

Rickettsia trichodectae Ilindle. (Par¬ 
asitology, 13, 1921, 152.) In the species 
of biting lice {Trichodcctas pilosus) 
which may be found on horses. This 
insect does not suck blood. The or¬ 
ganisms occur extracellularly in the ali¬ 
mentary tract of the louse. The aver¬ 
age size is 0.^ to 0.5 by 0.5 to 0.9 micron 
and occasionally longer forms occur. 

Rickettsia weigli Mosing. (Arch. Inst. 
Pasteur, Tunis, 25, 1936, 373.) Con¬ 
cerned in an epidemic disease which 
broke out in 1934 among employees of 
the Institute of Biology in Lw6w who 
were engaged in feeding supjwsodly un¬ 
infected lice on their persons. Mosing 
and others have suggested the possibility 
that this rickettsia may be an extreme 
mutant of Rickettsia pediculi. Small 
coccoid to rod-shaped organisms staining 
well with the Giemsa stain, usually 
slightly longer than Rickettsia prowa¬ 
zekii. In the louse {Pedicidus hu- 
manas), the rickettsiae occur cxtracellu- 
larly in the intestinal lumen forming a 
layer covering the surface of the epithe¬ 
lial lining. Not pathogenic for the louse 
as is Rickettsia prowazekii and Rickettsia 
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Tocha-Umae. It causes a febrile illness 
in man in which relapses occurred 3 to 
0 times as in trench fever. Rickettsia 
wei(jti was agglutinated by convalescent 
sera but not by sera from typhus pa¬ 
tients. Convalescent sera gave no posi¬ 
tive Weil-Felix reaction. 

Wolbachia pipienlis Hertig. (Rickett¬ 
sia of Culex pipiens, Hertig and Wolbach, 
Jour. Med. Res., 44, 192-1, 329; Hertig, 
Parasitology, 28, 193G, 453.) This is the 
type species of the genus Wolbachia 
Hertig {loc. cil ). Found in the ovaries 
or testes of the mosquito, and present in 
all stages 0 the mosquito’s development. 
The outstanding morphological charac¬ 
teristic of the organism is great plcomor- 
phism. Minute coccoids and short rods 
may be considered typical, but the usual 
microscopic field consists of various 
shapes and sizes. Some forms show 
bipolar staining with the Giemsa stain. 
The organism is a harmless parasite of 
the mosquito. Laboratory animals are 
apparently not susceptible. 

The following unnamed rickettsiae 
isolated from animals or seen in animals 
are included in Steinhaus' list of rickett¬ 
siae (Insect Microbiology. Ithaca, 1946, 
344): 

.\ rickettsia was isolated by Parker, 
Kohls, Cox and Davis (Pub. Health 
Kept., 54, 1939, 1482) from a tick (A7«- 
blyomma maculatum). It is pathogenic 
for guinea pigs and the disease is 
referred to as the maculatum disease. 
There is complete cross immunity in 
guinea pigs between this infection and 
Rocky Mountain spotted fever and 
boutonneuse fever, but it differs from 
these diseases in some particulars. 

A rickettsia-like organism was isolated 
from the reduviid bug {Triato7na rubro- 
fasciata) by Webb (Parasitology, 32, 
1940, 355). It was pathogenic for some 
laboratory animals and was maintained 
in guinea pigs for 5 passages. The 
rickettsiae were transmissible to the 


next generation through the egg of the 
reduviid bug. 

.V spotted fever type of rickettsia was 
isolated by Anigstein and Bader (Te.xas 
Repts. Biol. Med., 1, 1943, 105) from the 
dog tick {Rhipicephalm sanguineus) 
taken fronr normal dogs. It was patho¬ 
genic for rabbits and guinea pigs. 

.V rickettsia was isolated by Anigstein 
and Bader (Texas Repts. Biol. Med., L 

1943, 298, 389) from ticks {Avihhjonma 
(imcricanum) collected in Texas. They 
believed it to be the cause of buliis fever. 

Rickettsiae were observed by Enig 
(Berl. u. Munch. Tierarztl. Wchnschr.. 
1942, 25) in the leucocytes of a bison 
calf. Xo arthropod was associated with 

tliis rickettsia. 

\ rickettsia-like agent pathogenic or 
guinea pigs was reported by Tat oc 
(Proc. Soc. Exp. Biol, and Med., o7, 

1944, 05). The animals had been in^ 
jected with blood from a patient wit 
“pretibial” fever. Xo artliropod vecto 

was indicated. 

Three species of rickettsia-like 
ganisms isolated from the woo 
(Dermacentor andersoni) are ^ 

by Noguchi (Jour. Exper. Med, 
1926,518-521). These were named 
cillus rickettsiformis, BacUlf^ 
xerosis and Bacillus equidislans 
could be cultivated on ce»l-free ® 
and none was pathogenic for la 
animals. 


ppendlx UI: Unnamed 
organisms seen in the tissues 


irtigand Wolbach (Jour, Med 
1924, 329) list sixteen spec 
linids and twenty-three si«c e 
■ts which are hosts to rickettsiae 

‘ttsia-like organisms. 
jlbaeh (Jour. Amer. Med. 

, 723) reports hosts of no ^ 

: rickettsiae which 

ies of arachnids (ticks, nute*^ 

srs) and !‘^“i„cludin< 

I distributed in nine orders, 
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numerous non-blood-sucking insects as 
well as lice and ticks. 

Cowdrj' (Arch. Path, and Med.. 
2y 1926, 59) lists seven species of arach¬ 
nids and twenty-four species of insects 
which arc hosts to non-pathogenic rick- 
ettsiac. 

Buchner, P. {Tier uiid Pflauze in Syni- 
biose. Gebriider Borntraeger, Berlin, 
1930, 900 pp.) Through the text, and 
particularly on pages 300-66^, the 
rickettsia-like and bacterium-like micro¬ 
organisms occurring intracellularly in 


insects and other small animals are dis¬ 
cussed, principally from the viewpoint of 
the biologi.st. 

I’aillot, A. (L’infection chez les In¬ 
sects, Paris, 1933, 535 pp.b Concerned 
principally with bacterial infections of 
insects, but also includes information in 
intracellular symbiotes and rickettsia- 
like and bacterium-like microorganisms. 

Steinhaus, Edward A. {Insect micro¬ 
biology. Ithaca, 1916, IS8-255.) Intra¬ 
cellular bacterium-like and rickettsia- 
like symbiotes are discussed. 
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F.UIILY 11. BARTOXELLACEAE GIESZCZA^KIEWICZ.* 

(Bull. Intern. Acad. Polon. Sci., Classe Sci. Math. Nat., B (I), 1939 , 9-30.) 
Small, often pleomorphic, rod-shaped, coccoid, ring-shaped, filamentous and beade 
micro-organisms, staining lightly with aniline dyes, but well with Giemsa s stain. 
Gram-negative. Parasites of the erythrocytes in man and other vertebrates. Known 
to be transmitted by arthropod vectors in some cases. The causative organisms o 

bartonellosis in man, haemobartonellosis, grahamellosis and eperythrozoonosis m 
the lower animals. Differ from the protozoa that also parasitize erythrocytes in t a 
the entire parasite stains with no differentiation into cytoplasm and nucleus. 

Key to the genera of family Bartonellaceae. 

1. Parasites of the erythrocytes and of fixed tissue in man. 

Genus I. Bartonella, p. 1100. 

2. Parasites of the erythrocytes of lower mammals, increased in susceptible animas 

by splenectomy. Eradicated by arsenicals. «« 

Genus II. Haemobarlonella, p. 

3. Parasites of the erythrocytes of lower mammals. Not increased in suscepti 

animals by splenectomy. Not eradicated by arsenicals. 

Genus III. Grahamella, p. 1109- 

4. Blood parasites, found on the erythrocytes and in the plasma of 

Appear as rings, coccoids and short rods. Splenectomy activates laten ® - 

Genus IV. Eperylhrozoon, p. W- 


Genus I. Bartonella Strong, Tyzzer and Sellards. 


Med. 


{Bartonia Strong, Tyzzer, Brues, Sellards and Gastiaburd, Jour. ^ 

Assoc., 61, 1913, 1715; not Bartonia Muhlenberg, in Willdenow, Neue S 
Nat. Fr., Berlin, 3, 1801, 444; not Bartonia Sims, Bot. Mag., 1804; no 
Crossman, Essais de Paleoconchologie Comparde, 4me Livr., Pans, ’ 
Tyzzer and Sellards, Jour. Amer. Med. Assoc., 64, 1915, 808 ; cmen . ^ 

Weinman, Amer. Jour. Hyg., 30 B, 1939, 143.) Named for A. L. Barton 

cribed these organisms in 1909. On the red 

Parasites of the erythrocytes which also multiply in fixed tissue ce . ^ gjgnJer, 
blood cells in stained films, they appear as rounded or oval “J^^jg^istically 

straight, curved or bent rods occurring either singly or in groups. 
in c hains of several segmenting organisms, sometimes swollen at one or __ 

Prepared by Dr. Ida A. Bengtson (retired), National Harvard 

Bethesda, Maryland and Dr. David Weinman, Parasitologist to me iv 

ExpeditiontoPeru, Boston, Mass., April, 1947. p to unite the fo“^ 

** Partial syn. Anaplasmidae has been proposed as a family nam Alexander 

genera Anaplasma, Grahamella, Bartonella and cLce the name 

and du Toit (Onderst. Jour. Vet. Sci. and An. Ind., 5 1934 sin^ 

is derived from Anaplasma, the nature of which is not fully Haemoepo^^^' 

these authors consider the 4 genera as belonging to the protozMn ® genus 

it seems advisable not to consider this nomenclature for the p (Trai^ 

Anaplasma (parasites of the red blood cells of cattle) c^ ® eJes ' 

Govt. Vet. Bact- Rept. 1908-9, 7-^. 1910) consists of theo^ io be 

ginale and Anaplasma centrale. Recent workers are inch and nucleus- 

Ucterial in nature as they do not show a differentiation into cytoplasm an 
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frequently beaded (Strong et al., loc. cit., 1913), without a distinct ditferentiatiou of 
nucleus and cytoplasm. In the tissues they are situated within the cytoplasm of 
endothelial cells as isolated elements and grouped in rounded masses. These para¬ 
sites occur spontaneously in man and in arthropod vectors, are endowed with inde¬ 
pendent motility, reproduce by binary fission, and may be cultivated by unlimited 
serial transfers on cell-free media. One species has been recognized. It is known 
to be established only on the South American continent and perhaps in Central 
America. Human bartonellosis may be manifested clinically by one of the two syn¬ 
dromes constituting Carrion’s disease (Oroya fever or verruga peruana) or as an 
asymptomatic infection (definition by Strong, Tyzzer and Sellards emend. Tyzzer 
and Weinman (in Weinman, Trans. Amer. Philosoph. Soc., N.S., SS, pt. 3, 1944, 
246). 

The type species is Bartonella bacillifonnis (Strong et al.) Strong et al. 


1. Bartonella bacilllformis (Strong, 
Tyzzer, Brues, Sellards and Gastiaburii) 
Strong, Tyzzer and Sellards. {Bartonia 
bacilliformis Strong et al., Jour. Amer. 
Med. Assoc., 61, 1913, 1715; Bartonella 
bacillifonnis Strong, Tyzzcrand Sellards, 
Jour. Amer. Med. Assoc., 64, 1915, 808; 
emend. Tyzzer and Weinman, Amer. 
Jour. Hyg. 50(B), 1939, 143; also see 
Weinman, Trans. Amer. Philosoph. Soc., 
N.S., 55, pt. 3,1944, 246. Partial or com¬ 
plete synonyms: Bartonella cocoide (sic) 
Hercelles, Ann. de Fac. de Med., Lima, 
9, 1926, 231; Bartonella peruviana Esco- 
mel, Bull. Soc. path. Exot., 22, 1929, 354; 
Eperthyrozoon noguchii Lwoff and 
Vaucel, Compt. rend. Soc. Biol., Paris, 
105, 1930, 975.) From Latin bacillus, 
rod and forma, shape. 

Small, pleomorphic organisms, show¬ 
ing greatest morphological range in the 
blood of nmn, appearing as red-violet 
rods or coccoids situated on the red cells, 
when stained with Giemsa’s stain. Ba- 
cilliform bodies are the most typical, 
measuring 0.25 to 0.5 by 1 to 3 microns. 
Often curved and may show polar en¬ 
largement and granules at one or both 
ends. Rounded organisms measure 
about 0.75 micron in diameter and a ring- 
like variety is sometimes abundant. On 
semi-solid media a mixture of rods and 
granules appear. The organisms may 
occur singly or in large and small, ir¬ 
regular dense collections, measuring up 
to 25 microns or more in length. Puncti- 


form, spindle-shaped and ellipsoial forms 
of the organism occur, varying in size 
from0.2 to 0.5 by 0.3 to 3 microns. 

Gram-negative and nou-acid-fast. 
Stain poorly or not at all with the usual 
aniline dye stains, but satisfactorily with 
Romanowsky and Giemsa stains. 

Motile in the blood and in cultures. 
One to four unipolar flagella. 

Cultivation: Growth in semi-solid agar 
with fresh rabbit serum and rabbit 
hemoglobin and in semi-solid agar with 
blood of man, horse or rabbit with or 
without the addition of fresh tissue and 
certain carbohydrates, in other culture 
media containing blood, scrum or plasma, 
Huntoon’s hormone agar at 20 per cent, 
semi-solid gelatin media, blood-glucose- 
cystine agar, chorio-allantoic fluid and 
yolk sac of chick embryo. 

Gelatin not liquefied. 

No acid or gas n glucose, sucrose, 
galactose, maltose, fructose, xylose, lac¬ 
tose, mannose, mannitol, dulcitol, ara- 
binose, raffinose, rliamnose, dextrin, inu- 
lin, salicin and amygdalin. 

No action on lead acetate. 

Aerobic, obligate. 

Optimum temperature 28®C. 

Immunology: Natural immunity to 
infection has not been demonstrated in 
susceptible species. Acquired immunity 
apparent both during and after the dis¬ 
ease. Bartonellae from different sources 
appear to provoke similar responses. 
Bartonellae from Oroya fever protect 
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against infection with organisms ob¬ 
tained from verruga cases. 

Serologj': Immune sera fix complement 
and agglutination of suspensions of 
Barlonella by sera from recovered cases 
has been reported. 

Pathogenicity: Three forms of the dis¬ 
ease occur in man; the anemic (Oroya 
fever), the eruptive (verruga peruana) 
and mixed types of both of the other 
forms. Experimental Oroya fever has 
not been successfully produced in ani¬ 


mals, except rarely in an atypical form 
in monkeys. Experimental verruga per¬ 
uana has been produced in man, m a 
number of species of monkeys and occa¬ 
sionally in dogs. 

Source: Blood and endothelial cells 
of lymph glands, spleen and liver of 

human cases of Oroya fever. 

Habitat: Blood and endothelial cells 
of infected man, probably also in san 
flies {Phlebotomus verrucarum and Phi(- 
bolomits noguchii). 


Genus II. Haemobartonella Tyzzer and Weinman. 

(Amer. Jour. Hyg., 50(B), 1939, 141.) From Greek haemos, blood and the generic 

name Bartonella. 

Includes parasites of the red blood cells in which there is no demonstrate 
plication in the tissues and which do not produce cutaneous eruptions. 
typically rod- or coccoid-shaped, showing no differentiation into nucleus an c^^^ 

plasm, occurring naturally as parasites of vertebrates, and are transmitted 

pods. They are distributed over the surface of the erythrocytes, and possi ^ 
times within them. They stain well with Romanowsky type sUins an 
with other aniline dyes. Gram-negative. Not cultivated indefinitely m 
material. Rarely produce disease in animals without splenectomy, are n;^ 
influenced by arsenothcrapy, and are almost all of world-wide distri u 
experimental host range is restricted, infectivity of a rodent species forot ler 

being common, but for primates unknown. 

The type species is Haemobartonella muris (Mayor) Tyzzer and Weinman. 


Key to the species of genus Haemobartonella. 

I. The etiological agent of haemobartonellosis of the white rat. 

1. Haemobartonella mans* 

II. The etiological agent of haemobartonellosis of the dog. 

2. Haemobartonella cams. 

III. The etiological agent of haemobartonellosis of the vole. 

3 . Haemobartonella mxcrotu 

IV. The etiological agent of haemobartonellosis of the guinea pig- _ 

4 . Haemobartonella iyzzerx. 


V. The etiological agent of haemobartonellosis of cattle. 

5 . Haemobartonella bovts. 

VI. The etiological agent of haemobartonellosis of the buffalo. •• 

6 . Haemobartonella sturmami- 

VII. The etiological agent of haemobartonellosis of the deer 

7. Haemobartonella peromys 

VIII. The etiological agent of haemobartonellosis ^ var 

maniculati. 

IX. The etiological agent of 

X. The etiological agent of haemobartonellosis of the gray 

9 . Haemobartonella sciun ■ 
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1. Haemobartonella murls (Mayer) 
Tyzzer and Weinnmn. {Bartonella 
rnuris Mayer, Arch. f. Schiffs.- u. Tropen- 
liyg-) 35y 1921, 151; Bartonella rnuris 
ratti Rogendanz and Kikuth, Compt. 
rend. Soc. Biol., Paris, 98, 1928, 1578; 
Tyzzer and Weinn^an, Amer. Jour. Ilyg., 
30(B), 1939, 143.) From Ijitin rtnts, 
nuiris, mouse. 

Slender rods with rounded ends, fre¬ 
quently showing gniiuiles or swellings at 
one or both extremities, and dumbbell, 
coccoid or diplococcoid forms. May oc¬ 
cur individually, in pairs, or in short 
chains of 3 or 4 elements, and, when 
abundant, in parallel grouping. The 
rods measure 0.1 by 0.7 to 1.3 microns 
and as much as half the length of a red 
cell. The coccoids have a diameter of 
0.1 to 0.2 micron. 

They have been found on and in the 
erythrocytes and in tlie plasma. Pre¬ 
ferred stains are those of the Roman- 
owsky type. With Giemsa’s stain 
various investigators reix)rt an intense 
red coloration, a bluish tinge with dis¬ 
tinct pink shading, blue with purple 
granules. With Wright’s stain, the or¬ 
ganisms stain bluish, with reddish gran¬ 
ules at the ends. With Schilling's me¬ 
thylene blue-eosin stain the organisms 
stain a bright red color with the erythro¬ 
cyte staining blue. They stain faintly 
with Manson's stain, pyronin-methyl 
green and fuchsin. Gram-negative. 

There is lack of agreement concerning 
visibility in the fresh state and motility. 
Various authors report Brownian move¬ 
ment, slow and sinuous motion in the 
red cell or rapid motion. 

Cultivation: Cultivated with difficulty 
and divergent results liave been reported. 
Growth on various media reported (blood 
agar, agar with 2 per cent defibrinated 
rat blood, horse blood agar, N. N. N., 
Blutrdsplatte of Wethmar, hormone agar 
with blood of rabbit, horse or man, asci¬ 
tic fluid agar, chocolate agar, semi-solid 
rabbit scrum agar, semi-solid rabbit 
blood agar, Noguchi-Wenyon medium, 
defibrinated rat blood, glucose broth, 


Tarozzi broth, peptone water) but usu¬ 
ally growth was scant or could not be 
continued by transfer to the same me¬ 
dium or the organism isolated was non- 
infectious or the possibility of latent 
infections in the animal was not excluded. 
Best results are apparently obtained with 
semi-solid rabbit serum agar and semi¬ 
solid rabbit blood agar. 

No conclusive results have been re¬ 
ported in tissue culture. The organism 
has been cultivated on the chorlo-allan- 
toic membrane of the chick embryo. 

Filtcrability: Non-filterable with Seitz 
or Berkefeld N filters. 

Immunology: No authentic case of 
true natural immunity in rats has been 
established. Acquired immunity occurs 
in (1) the latently-infected rat, (2) the 
infected rat after splenectomy and re¬ 
covery from the disease, the period of 
resistance corresponding to the duration 
of latency, (3) the non-splencctomized 
non-carrier rat following infection, (4) 
animals other than the rat following in¬ 
fection. 

Serology: No precipitins, thrombocyto- 
barin, isoagglutinins, or cold hemolysins 
have been reported in the serum of ane¬ 
mic rats. Complement deviation and 
agglutination have been reported with 
sera from rabbits, rats and guinea pigs 
injected with cultures. Rabbits im¬ 
munized with cultures have given posi¬ 
tive Weil-Felix reactions with Proteus 
0X19 and OXK and rat sera recovered 
from Iiaemobartoncllosis have given a 
positive Weil-Felix reaction and positive 
agglutination in low dilution with Rickett¬ 
sia prowazekii. 

Pathogenicity: Infected blood, liver 
suspension, defibrinated lakcd blood, 
washed red cells, plasma and hcmoglo- 
binuric urine may produce infection by 
the subcutaneous, intravenous, intra- 
peritoneal or intracardiac routes. Slight, 
transient or no haemobartonellosis oc¬ 
curs in adult non-splenectomized haemo- 
bartonella-free albino rats, adult 
non-splenectomized albino rats of carrier 
stock, adult splenectomized rats pre- 
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viously infected, until 15 weeks to 8 
months after infection. Typical haemo- 
bartonellosis occurs in adult splenec- 
tomized haemobartonella-frce albino rats 
and in young non-splenectomized haemo- 
bartonella-free albino rats weighing 20 
to 30 grams at 3 weeks. Variable results 
have been obtained by different investi¬ 
gators with wild mice, guinea pigs, 
rabbits, hamsters, pigeons and monkeys 
{Macacus rhesus and Macacus sp.). It 
is known to be infectious for wild rats, 
albino mice, rabbits and for two Palestin¬ 
ian rodents {Sphallax {Spalax correct 
designation) typhlops and Mcriones Iris- 
trami). Negative results have been re¬ 
ported in dogs, kittens, cats, sheep and 
various birds. Causes a definite and 
characteristic anemia without cutaneous 
eruption. 

Arsenical therapy: True sterilization 
of latent or recognized infection with 
organic arsenical compounds. 

Source: Blood of infected albino rats. 

Habitat: Ectoparasites such as the 
rat louse {Polyplax (Ilaematopinus) 
spinulosiLs), the flea {Xenopsylla cheo- 
pis) and possibly the bedbug (Cimex 
lectularius). Also found in the erythro¬ 
cytes of susceptible animals. World 
wide in distribution. 

2. Haemobartonella canis (Kikuth) 
Tyzzerand Weinman. {Bartonella canis 
Kikuth, Klin. Wchnschr., 1928, 1729; 
Tyzzerand Weinman, Amer. Jour. Hyg., 
50(B), 1939, 151.) From Latin cam's, 
dog. 

One of the most pleomorphic of the 
haemobartoncllae, occurring as thin rods, 
straight or slightly curved, dumbbell¬ 
shaped organisms, dots, coccoids, or 
rings. Chains of rods, coccoids or rings 
occur. These consist of only one type 
of these forms or a mixture of types. 
The chains may be straight, curved, 
branched or annular. Variable in size. 
Round forms vary from 0.2 or 0.5 micron 
to the limit of visibility. Single rods 
are 0.2 by 1 to 5 microns, while the 


composite forms vary from 1 to 4 microns. 
Situation is epi-erythrocytic. 

Giemsa’s fluid stains the organism 
red-violet, usually intensely. Methyl¬ 
ene blue used as a vital stain colors the 
organism distinctly. Gram-negative ami 
non-acid-fast. 

Considered non-motile by most inves¬ 
tigators. 

Cultivation: Cultivation has not been 
demonstrated in semi-solid rabbit serum- 
agar medium nor in media contaming 
serum of splenectomized dogs, 
Noguchi's medium for leptospira. blood 
broth, Chatton’s medium covered with 
vaseline for Trichoinaslix. 

Filterability; Results equivocal. 

Immunology: The outstanding P ® 
nomena resemble those found in the m 
infected with Haemobartonella inurts- 

Pathogenicity: Splenectomy is essen¬ 
tial to infection accompanied by anemia 
in the dog. Negative results in splencc- 
tomized haemobartonella-free guinea pigi 
rat, rabbit, and monkey {Cercopit fc 
sabaeus). No infection or anemia 
unoperated mice, white rats, young ra 

bits, young dogs and young I 

The splenectomized cat has been o 
to carry the infection by serial . 

Arsenical therapy: Complete ste 
zation obtained by neoarsphenamine^ 

Source: Erythrocytes of infecte P 


omized dogs. 

abitat; Found in dog fleas ( 
alus) and erythocytes of me 

lals. Distribution wide-spread, 

;tion occurring 

>pe, India, North and South - 


Haemobartonella 
Weinman. (Tyzzer and vve 

..Jour. Hyg., 5.(B). 1^39 

Weinman, Trans. Amer. . 

, N. S., 35, 1W4. 

mym Bartonella arvico 35O; 

Inst. Past, de Tums^ » 

mobarionella arvicolae Weinman, 
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cit., 290.) From the genus of voles, 
Microlus. 

In infected nninml, morphology re¬ 
sembles that of llaemob(irto7U'Ua ennis, 
the organisms occurring as rods, cooooids, 
filaments, club forms, ring forms and 
granular masses. In addition to these 
forms there occur in Giemsa-stained 
blood films ovoids, diamond- or flame¬ 
shaped small forms as well as coarse seg¬ 
mented or unsegmented filaments up to 
5 microns in lengtli. Filaments may con¬ 
tain one or more rings, or may be com¬ 
posed in part or entirely of diamond¬ 
shaped, coccoid or ovoid elements, some¬ 
times in parallel rows. Hods often show 
intense bipolar staining. Coccoid forms, 
usually scattered, may occur as aggre¬ 
gates or clumps on the red cell, appar¬ 
ently embedded in a faint blue matrix. 

A pale blue veil-like substance may 
cover nearly half of one surface of the 
red cells and show at its border typical 
red-violet stained rods or filaments in 
the Giemsa-stained specimens. A' bow¬ 
shaped arrangement of elements is char¬ 
acteristic. Organisms lie on the surface 
of the red cells. In cultures organisms 
are more uniform in morphology resembl¬ 
ing Bartonella hacilliformis. Individual 
organisms are fine rods, 0.3 by 1.0 to 2 
microns, sometimes occurring in chains 
and often in clumps. Small round forms 
occur, measuring 0.5 micron in diatneter, 
and occasionally round disk-like struc¬ 
tures. 

Cultivation: Growth in Noguchi’s 
semi-solid serum agar 2 weeks after in¬ 
oculation with citrated or heparinized 
blood and incubated at 23®C shows as 
white rounded masses, measuring up to 
about 1 mm in the upper 15 mm of the 
tube. In tissue culture the organism 
grows in small, rounded compact masses 
within the cytoplasm of infected cells. 
Indefinite maintenance of the strains 
isolated on artificial media has not been 
I}08Bible. 

Pathogenicity: Splenectomized white 
mice and splenectomized laboratory 


roared voles are readily susceptible to 
infection. No marked anemia or any 
mortality in heavily infected animals. 
Splenectomized dogs, white rats and deer 
mice arc not susceptible. 

Source and habitat: Erythrocytes of 
the vole (i1//crofa.? pcnnsi/lvoiiicus penn- 
sylvnnicus) following splenectomy. 
The natuml mode of transmission has not 
been determined though ticks or mites 
are su.spected. 

•1. Haemobartonella tyzzeri (Wein¬ 
man and Pinkerton) Weinman. (Bar¬ 
tonella tyzzeri Weinman and Pinkerton, 
.Vnn. Trop. Med., $2, 1938, 217; Wein¬ 
man, Trans. .\mcr. Philosoph. Soc., S3, 
19-14, 314.) Named for Prof. Tyzzer 
who studied hacmobartoncllae. 

Single or comiwsite rods from about 
0.25 micron by 1.4 to 4.0 microns. Occa¬ 
sional granular swellings and enlarged 
I)oles. Short rods also occur averaging 
0.2 to 0.3 by 0.8 micron and also round 
forms with diameters of 0.2 to 0.3 micron. 
Distributed irregularly in the red cells. 

Stain intensely red-violet with 
Giemsa’s or May-Griinwald-Giemsa’s so¬ 
lutions. Gram-negative. 

Cultivation: Initi.al cultures on Nogu¬ 
chi’s semi-solid serum agar obtained ir¬ 
regularly. When incubated at 28®C, 
colonies appear as isolated white spheres 
about 1 mm in diameter in the upper 8 
mm border of the medium. The clumps 
are composed of rods and granules, with 
larger round structures or disks occurring 
occasionally. Also cultivated on the 
Zinsser, Wei and Fitzpatrick modifica¬ 
tion of the Maitland medium. Pro¬ 
longed maintenance on semi-solid media 
lias not been obtained. 

Pathogenicity: Splenectomized haemo- 
bartonella-free guinea pigs may be 
infected by blood or cultures injected 
subcutaneously or intraperitoneally. 
Splenectomized Ifaemobarlonella muris- 
free rats are insusceptible when inocu¬ 
lated with infected guinea-pig blood. 
Macacus rhesus monkeys are also in- 
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susceptible to inoculations of infected 
blood, tissue and cultures. Infection of 
the guinea pig is subclinical in its mani¬ 
festations, probably due to the small 
number of parasites in the blood. No 
definite anemia accompanies infection. 

Source and habitat: Erythrocytes of 
the Peruvian guinea pig {Cavia por- 
cellus). Has also been encountered in 
Colombia but not in other parts of the 
world. Observed in latently infected 
animals only after splenectomy. The 
natural mode of transmission is unknown, 
though the flea may be a possible vector. 

5. Haemobartonella bovis (Donatien 
and Lestoquard) Weinman. (Donatien 
and Lestoquard, Bull. Soc. Path. Exot., 
27, 1934, 652; Bartoyiella sergenti Adler 
and Ellenbogen, Jour. Comp. Path, and 
Therap., 47, 1934, 221; (?) Bartonella 
bovis Rodriguez, Rev. del Inst. Llorente, 
13, 1935, 5; abst. in Bull. Inst. Past., 34, 
1936, 1033; Weinman, Trans. Amer. 
Philosoph. ESoc., N. S., 53, 1944, 308; 
Haemobartonella sergenti Weinman, loc. 
cit., 290.) From Latin bos, bovis, ox. 

Resembles Haemobartonella muris and 
11. canis. Occurs as rods, coccobacilli 
and cocci, singly, in pairs or short chains 
or groups of 10 or more elements. The 
rods measure 1.2 to 2 microns in length 
and are very slender. The coccobacilli 
occur singly or in pairs measuring 0.3 
by 0.6 to 0.8 micron and the diameters of 
the cocci are about 0.3 micron. The 
parasite may occupy a central or marginal 
position on the red cell; the number on a 
cell varying from 1 to 20. Not more 
than 20 per cent of the cells are parasi¬ 
tized. 

Using the Romanowsky stain, the or¬ 
ganisms stain similarly to the chromatin 
of Piroplasma spp. 

Source and habitat: In the blood of 
bulls in Algeria and in a non-splenectom- 
ized calf in Palestine. 

6 . Haemobartonella sturmanll Grin- 
berg. (Grinberg, Ann. Trop. Med., 55, 


1939, 33; Weinman, Trans. Amer. Philo¬ 
soph. Soc., N. S., 55, 1944, 313.) 

Similar to Haemobartonella bovis and 
//. canis in morphology and staining 
properties. Occurs as rods, cocco-bacil- 
lary and coccoid forms, varying in length 
from 0.5 to 1.5 microns. The number of 
parasites per infected cell varies from 1 
to 15 and they occur individually, scat¬ 
tered irregularly in clumps or sometimes 
in chains stretching across the cell. At 
the height of the infection more than 90 
per cent of the cells are infected. 

Pathogenicity: Causes a temperature 
rise in buffaloes and slight anemia after 
direct blood inoculation. Splenectom 
ized rabbits, hamsters and splenectom- 
ized calves inoculated with blood from 
infected buffaloes remained free of t e 

parasite. , / 

Source and habitat: In the blood oi 

buffaloes in Palestine. 


7. HaemobartoneUaperomyscUTyMer* 

^roc. Amer. Philos. Soc., 85, 
amed for the genus of deer mice, rero 

yscus. f a 

Occurs as delicate filamentous o 
I'hich may be branched) on the 
ood cells. These filaments may 
me beaded and give rise to a ® 
>ccoids and rods from which ring 

Steinlb^Giemsa’s method, 
g process must be intense m or 

tmonstrate the organism. ;-aibIc 

Pathogenicity: Infection tmnsm.s 
splenectomized white rats, 
ice and voles, producing a more 
vere illness with anemia. 

Habitat: In the blood of tM ^ 

ouse {Peromyscns lencopas 
ensis). 

7a. Haemobartonella 
iniculati Tyzzer. (Ptoc. m 
e.. W, 1942 . 381.) Named ^ ^ 
ecies of mouse from which it was 


as 


pods and 
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branched forms. Coarser filaments ap¬ 
pear to rise from rounded granules. Del¬ 
icate rods are preponderant, and minute 
coccoids appear occasionall 3 ^ When 
transferred to the common deer mouse, 
coarser forms appear, including filaments 
and large coccoids, sometimes in chains. 

Pathogenicity; Pathogenic for gray- 
backed deer mice and the common deer 
mouse, but non-infective for splenectom- 
ized white mice. 

Habitat: Blood of the gray-backed deer 
mouse {Peromyscus maniculatus gra- 
cilis). 

8. Haemobartonella blarlnae Tyzzer. 
(Proc. Amcr. Philos. Soc., 85, 1942, 382.) 
Named for the genus of shrews, Blarina. 

Extremely pleomorphic with delicate 
rods and coccus-like forms, often occur¬ 
ring in chains w'hich also contain larger 
elements which have a deeply stained, 
bead-like granule. In the early stages of 
infection they may occur as thick bands 
or filaments stretching over the red 
cells usually with a bead or granule. 

The bands take a bluish tint with 
Geimsa’s stain, while the more delicate 
form stains a slaty violet. The head is 
distinctly reddish. In the fully de¬ 
veloped infection, rods and filaments pre¬ 
dominate over rounded forms. The or¬ 
ganisms may be scattered on the surface 
of the red cells or may form a dense cap 
which is intensely stained. Rudimen¬ 
tary mycelia may be found radiating 
from a central portion and reddish stained 
material with ill-defined contours nmy 
occur at the ends of the mycelial 
branches. 

Pathogenicity: Pathogenic for the 
short-tailed shrew but not for deer mice 
or white mice. Causes anemia in the 
shrew. 

Habitat: In the blood of the short¬ 
tailed shrew {Blarina hrevicauda). 

0. Haemobartonella scluril Tyzzer. 
(Proc. Amer. Philos. Soc., 65, 1942, 385.) 


Named for the genus of gray squirrels, 
Sciurm. 

Very pleomorphic. Occurs as minute 
rods and filaments which are continuous 
or segmented. The rods and filaments 
vary in thickness, some arc very uneven 
and some very coarse. Beaded chains 
may develop from the thickened forms. 

The bead-like elements stain a dull 
reddish at the periphery with Giemsa’s 
stain while the remainder is very faintly 
stained in contrast to the intensely stain¬ 
ing basophilic rods and filaments. Some 
of the rounded forms have the appearance 
of large, thick rings. Beads and rings 
may arise from slender deeply staining 
rods, simulating very closely spores 
within bacilli, though no germination 
of filaments from them has been observed. 

Pathogenicity: Slightly pathogenic for 
the gray squirrel, non-pathogenic for 
normal white mice. 

Habitat: Blood of the gray squirrel 
{Sciurus carolinensis leucolis). 

Appendix: Here are included (1) Ilae- 
mobarlonella of undetermined specific 
rank, (2) IlaemohartonellaAWc struc¬ 
tures in non-splenectomized mammals 
and in cold-blooded animals, (3) Invalid 
species (sec Weinman, Trans. Amor. 
Philosoph. Soc., N. S., 33, 1944, 315). 

1. llameobarlonellae of undetermined 
specific rank. Microorganisms are 
grouped according to host of origin and 
arc considered to be hacmobartonellae 
from the description of the original 
author; but the information furnished is 
not sufficient for further classification. 

Hacmobartonellae similar to flaemo- 
bartonella muris in wild rats: Muh decu- 
manus, Mus norvegicus, Rallus ratlin 
frugivoras, Mm raltm griaeiventer, Mus 
railus raltua, Mus aylvaticus. In vari¬ 
ous rats; technical names not given. 

Haemobartonellae similar to Haemo¬ 
bartonella muria in albino mice. Schil¬ 
ling (Klin. Wchnschr., 1929,55) separated 
the haemobartonella of the mouse from 
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that f)f the rut and named it Bartonella 
tniiris nnif<cnli var. nlbinoi {Ilacmohar- 
(onclln nturis: niuscnli var. alhinoi Wein¬ 
man, /or. cil., 200). 

IIaomol)art()nel]ae similar to Haemo- 
barlonclla miiris in otlier mammals: 
Hacrnoharlonclla glis glis (Kikuth) Wein¬ 
man {Bartonella glis glis Kikuth, Cent, 
f. Bakt., I Abt., 123, 1931,356; Weinman, 
luc. cil., 317) in dormice {Glis glis). 

llncmohartonelUi opossum (Regendanz 
and Kikutli) Weinman {Bartonella opos¬ 
sum Regendanz and Kikuth, Arch. f. 
SchiiTs- u. Tropeuhyg., 32, 1928, 587; 
Weinman, loc. cit., 290) in the marsupial 
rat {Metachirus opossum) and in the 
opossum {Didelphys didelphys). 

llaemobartonclla spp. in Lophuromys 
unsorgei, in Lophuromys laticeps, in 
Oc7Wmys bacchante edilus, in Fraeomijs 
jacksoni, in Arvicanthus striatus, in deer 
mouse {Bcrotnyscus leucopus novabora- 
censis), in Chinese liamsters {Cricetulus 
griscus, Cricetulus griscus fumatus), in 
Apodemus agrariusand Fhodopus pruedi- 
Icclus), and in squirrels {Sciurus mlgaris ). 
Mixed infections, including haemobar- 
toncllae arc found in jerboa, thegerbille 
and various rodents (see Weinman, loc. 
cit., 317-319). 

2. Haemobartonclla-like structures in 
non-splencctomizcd mammals and cold¬ 
blooded animals. 

Various bodies whose proper classifica¬ 
tion in the genus Haemobarlonella has not 
been established (Weinman, loc. cil., 319) 

In non-splenectomized mammals; 

Bartonella melloi Yakimoff and Raste- 
gaieff. Bull. Soc. Path. Exot., 24, 1931, 

471 {Haemobarlonella melloi Weinman, 
loc. cil., 290) in the ant eater (iVanis 

pentadactyla). 

Bartonella pseudocebi Pessoa and 
Prado, Rev. biol. e hyg., 1, 1927, 116 
{Haemobarlonella pseudocebi Weinman, 
loc. cit., 290) in the monkey {Fseudoce- 
bus apella). 

Bartonella rocka-limai Faria and Pinto, 
Gompt. rend. Soc. Biol., Paris, 96, 1926, 


1500 {Haanobartonello rocha-limaiWc^ 
man, he. cit., 290) in the bat {Ilemi' 

derjna brcvicauda). 

Bartonella sp. in the rat {Rallus rujes- 
ecus) and Bartonella sp. in the dormouse 
(Myoxus glis). 

In cold-blooded animals: 

Bartonella pavlovskii Epstein, All 
Union. Inst. Exper. Med., Moscow, 1935, 
398, sec Ray and Idnani, Indian Jour. 
Vet. Sci. and Animal Hush. 10, 19-10, 259, 
{Haemobarlonella pavlovskii, Weinman 
loc. cil., 290) in the lamprey {Pelromy^on 

marinus). , 

Bartonella nicollei YakimofT, Arcb. 

Inst. Pasteur Tunis, 17, 1928, 350 {B^^‘ 
mobartonella nicollei IVeinman, loc. cd-t 
290) in the brocket {Esox Indus). 

Bartonella ranarum da Cunha an 
Munoz, Compt. rend. Soc. Biol., Pans. 
97, 1927, 1091 (Haemobartonclla ranarum 
Weinman, loc. cit., 290) in the frog {P 
todactylus ocellalus). This is pr® 
identical with Bartonella balrachoru 

Zavattari, Boll. d. Soc. ital. ^ 
6, 1931, 121 {Haemobarlonella 
rum IVeinman, loc. cit., 290) fro”' 


ime species. ^ 

Bartonella sp. in the gecko (Flo y 
ilus maurilanicus), Bartonella 
.e lizard {Lacertilia sp.), Barlonem 
0. in the lizard {Tropidurus 
nus), Bartonella sp. m the 
Tinea tinea) and Bartonella sp- 

ti/in nratCCL ). 


• 

Invalid species: 
trtonella caviae Campanacci, 

lensc, 1, 1929, 99 
ic Weinman, loc. cit., 290) fro 

pig, . ppv* 

irlonelta ukrainica Rybinsk^ 

obiol. epidem. et 

296 f “ the 

.man, loc. cil.. 290) from the f 


tiam of these structures 
and no illustrations are 
by the authors. 
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Genus III. Grahamella Bnimpt. 

(Bruinpl, Bull. Soc. Bath. ENot., 4. 1911, 514; Grahamio Tartakowsky, Trav. IX'' 
Cong. Int. Med. Vet., 4, 1910, 242; not Grahamia Theobald. Colonial Odice, Misc. 
Pub. No. 237, 1909.) Named for O. S. Grahain-Smith who discovered tlio jharasite 

in the blood of voles. 

Parasites occurring within the erythrocytes of the lower mammals which morpho¬ 
logically bear a resemblance to Bartonella, but which are less pleomorphic, more 
plump, and more suggestive of the true bacteria. They stain more deeply than bar- 
tonellae with Giemsa’s stain, stain lightly with aniline dyes and with methylene blue. 
They are Gram-negative, non-acid-fast and non-motilc. Splenectomy has no effect 
on the source of infection e.xcept in rats. They are non-pathogenic and not affected 
by arsenicals. Several species have been cultivated on cell-free media.* The etio¬ 
logical agent of grahamellosis of rodents and some other vertebrates. 

The type species is Grahamella talpae Brumpt. 


1. Grahamella talpae Brumpt. (Bull. 
Soc. Path. Exot., 4, 1911, 514.) Named 
for the genus of moles, Talpa. 

Long or short rods of irregular contour 
lying within the red blood cells, many 
with a marked curve, often near one of 
the extremities. One or both ends of the 
longer forms enlarged, giving a wedge- 
or club-shaped appearance. Some of the 
medium-sized forms definitel}' dumbbell¬ 
shaped, small forms nearly round. 

With Giemsa’s stain, the protoplasm of 
the organism stains light blue, with 
darker areas at the enlarged ends. Dark 
staining areas of longer forms give the 
organism a banded appearance. Length 
varies from 0.1 to 1 micron. Parasites 
occasionally free in the plasma, but 
usually in groups. Most of the infected 
corpuscles contain between 6 and 20 
parasites (Graham-Smith, Jour. Ilyg., 5, 
1905, 453). 

Pathogenicity: Pathogenic for moles. 

Appendix: In addition to Grahamella 
talpae Brumpt, descriptions of the 
following species occur in the literature. 
The list may not be complete and the 


validity of these species may bo (pies- 
tioned in some cases. 

Grahamella acodoni Carini. (Ann. 
Parasit., 2, 1924, 253.) I'Tom Acoduti 
serrensis, Brazil. 

Grahamella alaclayae Tartakowsky. 
(Katalogue der Exponaten der J.and- 
wirthsehaftlichen Ausstellung (Ilus- 
sisch), St. Petersburg, 1913.) From 
Alaclaga saliens and Alactuga aconitus in 
Transcaucasia and steppes of Astrakhan 
{Alaclaga misspelled Alacloga). Quoted 
from YakimofT, .4rch. f. Protistenk., 66, 
1929 , 303. 

Grahamella arvalis Tartakowsky. 
(Katalogue der Exponaten der Land- 
wirthschaftlichen Ausstellung (Uussisch) 
St. Petersburg, 1913.) From Microtus 
arvalis in Transcaucasia. Quoted from 
Yakimoff, Arch. f. Protistenk., 66, 1929, 
304. 

Grahamella balfourii Brumpt. (Gra~ 
hamella sp. Balfour, Kept., Wellcome 
Tropical Besearch Laboratory, 2, 1906, 
97; Grahamella balfouri Brumpt, Bull. 
Soc. Path. Exot., Paris, 4, 1911, 517.) 
From the desert rat {Jaculus jaculus) in 
the Sudan. 


* Tyzzer (Proc. Amer. Philos. Soc., 85, 1942, 375) finds that grahamellae isolated 
in culture show a close relationship to Streptobacillus moniliformis {Actinomyces 
muris) and proposes the inclusion of the genus Grahamella in the family Actinomy- 
cetaceae. The latter relationship appears to be very doubtful. 
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Grahamella llarinae Tyzzer. (Proc. 
Amer. Philos. Soc., 85, 1942, 370.) From 
the short-tailed shrew (Blarina brevt- 
cauda) in Massachusetts. 

Grahamella bovis Marzinowsky. (Med. 
Obosrenie, 1917, No. 1-2.) From the ox 
(Bos taurus) in Russia. Quoted from 
VakimofF, Arch. f. Protistenk., 66, 1929, 

304. 

Grahamella brumptii Ribeyro and del 
Aquilla. (Ann. Fac. Med., Lima, 1, 
1918, 14^20.) From Desmodus rufus in 

Peru. 

Grahamella canis lupus Kamalow. 
(Cent. f. Bakt., I Abt., Orig., 128, 1933, 
197.) From the wolf, Tiflis. 

Grahamella couchi Neitz. (Onderst. 
Jour. Vet. Sci. and An. Ind., 10, 1938, 29.) 
From the multimammate mouse (J/as(o- 
niys coucha) in South Africa. 

Grahamella criceti domestici Parzwa- 
nidze. (Das Material zum Hamoparasi- 
tismus der Tiere bei Uns. Tiflis, 1925.) 
From Criceius domestimis in Transcau¬ 
casia. Quoted from Yakimoff, Arch. f. 
Protistenk., 66, 1929, 304. 

Grakarnella cricetuli Patton and 
Hindle. (Proc. Roy. Soc., London, 
BilOO), 1926, 387.) From Crdcetulus 
griseus in China. 

Grahamella dschunkowskii Tartakow- 
sky. {Grahamia sp., Dschunkowsky and 
Luhs, Trav. IX. Cong. Intornat. Med. 
Vet., 1909, 4,1910, 242; Grahamia dschun- 
kowski Tartakowsky, 1910.) From the 
bat (Vespertilio nociula) in Transcau¬ 
casia. Ref. to Tartakowsky quoted from 
Yakimoff, Arch. f. Protistenk., 66, 1929, 

304. 

Grahamella dudtschenkoi Yakimoff. 
{Grahamella sp., Dudtschenko, Cent. f. 
Bakt., I Abt., Orig., 74, 1914, 241; Gra¬ 
hamella dudtschenkoi Yakimoff, Arch. f. 
Protistenk., 66, 1929 , 304.) From the 
hamster {Cricetulus sp.) in Transbaikal. 

Grahamella ehrlichii Yakimoff. (Gra¬ 
hamella ehrlichi Yakimoff, Arch. f. Pro- 
tiatenk.,e6, 1929, 305.) From the perch 
{Perea Jluviatilis) in Russia. 


Grahamella francai Brumpt. (Gra¬ 
hamella sp. Franca, Arch. Inst. Bacter. 
Camara, Pestana, 5, 1911, 277; Graha¬ 
mella francai Brumpt, Precis de Parasi- 
tologie, 26me ^d., 1913, 102.) From the 

jumping rat (Eliomys querctnus) in 

Portugal. 

Grahamella gallinarum Carpano. (Ann 

Parasit. hum. et comp., IS, 1935, 238.) 
From leghorn chickens in Egypt. 

Grahamella gerbilli Sassuchin. (Gra- 
hamia gerbilli Sassuchin, Arch, f- r® 

tistenk., 74, 1931, 526.) Froin GerbiUia 

tamaricinus in southeast Russia. 

Grahamella hegneri Sassuchin. (Oro- 
hamia hegneri Sassuchin, Arch, f- Jo 
tistenk., 75, 1931, 152.) From Cttellus 

pygmaeus in Russia. 

Grahamella joyeuxii Brumpt. 
hamella sp., Joyeux, Bull. Soc. a ^ 
Exot., Paris, fi, 1913, 614; GrahameUa 

joyeuxi Brumpt, Precis de 

2tme ^d., 1913,102.) From Golundafa 

and Mus rattus in French Guinea. 
Grahamella merionis Adler. I 

Roy. Soe. Trop. Med.. U, 930. JSd 
From Meriones irislrami in 

Grahamella microti Lavier. ( n • 
Path. E.xot., Paris, H. 1921, 3,3.) From 

Microtus arvalts in France. 

Grahamella microti pennsylcama 3 

zer. (Proe. Amer. Philos. 

366.) From the common vole 

pennsylvanicus pennsylvanicus) 

chusetts. . ^ • rRull. Soc- 

Grahamella muris Carini. 

Path. Exot.. Paris. 5, 1915, 

the house rat (Mus decumanus) 

Grahamella muris 

Parzwanidze. (DasMatena tj-iftis, 

parasitismus der Tiere bei u „ 
1925.) From Mus ^ Arch- 

Caucasia. Quoted from ^ akim , 

f. Protistenk., 66, SOL ^ 

Grahamella muscult 

(Bull. Soc. Path. ’ 

408.) From Mus musculus var- 

’ranee* . ^ 

rahamella ninae lO. 

(Bull. Soe. Path. Exot.. 
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1917, 99.) From the hamster iCriceius 
phoca) in Transcaucasia. 

Grahamella peromysci Tyzzer. (Proc. 
Amer. Philos. Soc., 85, 1942, 363.) From 
the deer mouse (P. leucopus novaboracen- 
sis) in Massachusetts. 

Grahamella peromysci var. maniculati 
Tyzzer. (Proc. Amer. Philos. Soc., 85, 
1942, 365.) From the gray-backed deer 
mouse iPeromyscus manicidahis) in 
Massachusetts. 

Grahamella phyllolidis Tyzzer. (Proc. 
Amer. Philos. Soc., 85, 1942, 371.) From 
the Peruvian mouse (Phyllotis darwini 
linalus). 


Grahamella pipistrelli Markow. (Gra- 
hamia pipistrelli Markow, Russian Jour. 
Trop. Med., 1926, No. 5, 52.) From the 
bat (Pipistrellus nalhusti) in Russia. 

Grahamella rhesi Leger. (Bull. Soc. 
Path. Exot., Paris, 15, 1922, 680.) From 
the monkey (Macacus rhesus) in .\nnam. 

Grahamella sanii Cerruti. (Arch. Ital. 
Sci. Med. Col., 11, 1930, 522.) From 
Testudo graeca in Sardinia. 

Grahamella talassochelys Cerruti. 
(Arch. Ital. Sci. Med. Col,, 12, 1931, 321.) 
From Tallasochelys caretla in Sardinia. 
(Misspelled for Thalassochelys.) 


Genus IV. Eperythrozoon Schilling * 

(Schilling, Klin. Wchnschr., 1928, 1854; Gyromorpka Dinger, Nederl. tijdschr. 
geneesk., 72, 1928 , 5903.) From Greek meaning animal on red blood cell. 
Microscopic blood parasites found in the plasma and on the erythrocytes. They 
stain well with Romanowsky type dyes, and then appear as rings, coccoids or short 
rods, 1 to 2 microns in greatest dimension, staining bluish or pinkish violet. They 
show no differentiation of nucleus and cytoplasm. The organisms are not known 
to retain the violet in Gram’s method or to be acid-alcohol-fast. Splenectomy ac¬ 
tivates latent infection. Not cultivated in cell-free media. Arthropod transmission 
has been established for one species (Weinman, Trans. Amer. Philosoph. Soc., 
N.S. 55, pt. 3, 1944,321). 

The type species is Eperythrozoon coccoides Schilling. 

Key to the species of genus Eperythrozoon. 

I. Etiological agent of eperythrozoonosis of white mice. 

1. Eperythrozoon coccoides. 

II. Etiological agent of eperythrozoonosis of sheep. 

2. Eperythrozoon ovis. 

III. Etiological agent of eperythrozoonosis of cattle. 

3. Eperythrozoon wenyonii. 

IV. Etiological agent of eperythrozoonosis of gray-backed deer mice. 

4. Eperythrozoon varians. 

V. Etiological agent of eperythrozoonosis of voles and dwarf mice. 

5. Eperythrozoon dispar. 


• This genus has been considered as belonging to the Protozoa by Neitz, Alexander 
and Du Toil (Onderst. J. Vet. Sci., 5,1934, 268) and to the bacteria by Mesnil (Bull. 
Soc. Path, exot., £2, 1929, 631 and by Tyzzer (in Weinman, Trans. Amer. Philosoph. 
Soc., N.S., 55, pt. 3, 1944, 244). The evidence at hand favors the inclusion of this 
group among those organisms which are not protozoan in nature but which are closely 
related to bacteria. 
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1. Eperythrozoon coccoides Schilling. 
(Schilling, Klin. Wchnschr., 1928, 1854; 
Gyromorpha musculi Dinger, Nederl. 
tijdschr. geneesk., 72, 1928, 5905.) From 

Greek, coccus-shaped. 

In stained blood films these organisms 
appear as rings, coccoids and rods, the 
majority as rings of regular outline with 
clear centers. They are in the plasma 
and on the red cells. Measure 0.5 to 1.4 
microns in greatest dimension. 

Stain pale red or reddish-blue with 
the Cliemsa or the May-Griinwald-Gicmsa 

technics. Gram-negative. 

Suggested methods of multiplication 
by binary fission, budding, development 
of small coccoidal to annular forms. 
Cultivation; Negative results. 
Immunology: Immunological state in 
animals that of the premunitioii type. 
Latent infection in mice which is made 
manifest by splenectomy. 

Pathogenicity: Pathogenic for white 
mice, rabbits, white rats, wild mice, 
usually in young animals or in splenec- 
tomized adults. 

Source: Blood of splenectomized white 
mice. 

Habitat: Blood of infected animals, 
mouse louse {Pohjplax serrata) and 
probably other arthropods. 

2. Eperythrozoon ovls Neitz, Ale.xan- 
derand Du Toit. {Neitz etal., Address, 
Biological Society, Pretoria, Mar. 15, 
1934; from Neitz, Onderst. Jour. Vet. 
Sci. and An. Ind., 9, 1937, 9.) From 
Latin oyfs, sheep. 

Delicate rings approximately 0.5 to 
1.0 micron in diameter though occasion¬ 
ally larger. In addition there are tri¬ 
angles with rounded angles, ovoid, 
comma, rod, dumbbell and tennis racket 
forms. Found supra-cellularly on the 
erythrocytes but often free. Colored 
pale purple to pinkish-purple with 
Giemsa’s stain. Suggested mode of mul¬ 
tiplication by budding. 

Cultivation: Negative results. 


Immunology: Immunological state m 
sheep appears to be that of the premuni- 
tion type. 

Pathogenicity; Sheep, antelopes and 
probably goats and splenectomized calves 
arc susceptible. Dogs, rabbits and 
guinea pigs are refractory. The distinc 
tive feature of Eperythrozoon ov\s is its 
ability to provoke illness in normal 
animals without resorting to splenec¬ 
tomy. . 

Source: Blood of infected South Afri¬ 
can sheep. . , 

Habitat: Blood of infected animals- 

No ectoparasites found on sheep natura y 
infected, but an arthropod is suspecte • 


3. Eperythrozoon wenyonli Adler and 

llenbogcn. (Adler and Ellenboge^ 
,ur. Comp. Path, and Thcrap., ih 
iept. 3), 220; see Bartonella ' 

opendix.) Named for Dr. C. M. e 
on, a student of these organisms. 
Morphologically similar to ■ 

>on coccoides. Coccoid and . 

liar, staining pale red with 

ain and varying from 0.2 to L5 mi 

I diameter. 

e by budding and fission, and y 

>us growths from the ring forms, sugg 

ig resemblance to ,ell 

) 50 or 60 parasites are found on o 

hesc are arranged in irregular c a 

i tightly packed groups. 

Cultivation not reported. ^ 

Immunology: The tion 

;ate of premunition and latent m 
nmde manifest by splenectomy^ 
Pathogenicity: Cattle are 
ut sheep are not infected ei 
• after splenectomy. 

Source: Blood of infecte ta 

Habitat: Blood of 
■thropod transmission not prov 

4. Eperythrozoon J“‘“®j942f^7d 
E>roc. Ainer. Philoe. Soc., 83, PM 

rom Latin varians, varying- 
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Occur iu rings, coccoids of varjdng 
size, some very minute, bacillary forms. 

Many of the bacilliform elements show 
an unstained lens-like swelling, indicat¬ 
ing the formation of a ring within the 
substance of the rod. At the height of 
the infection most of the organisms are 
found in the plasma. Whenever an or¬ 
ganism comes in contact with a red cell, 
it stains intensely. 

Pathogenesis: Pathogenic for the gray- 
backed deer mouse (causing anemia) and 
for the splenectomized common deer 
mouse. Not pathogenic for splenectom¬ 
ized white mice. 

Habitat: Blood of the gray-backed deer 
mouse {Peromyscus maniculalus gra¬ 
cilis). 

5. Eperythrozoon dispar Bruynoghe 
and Vassiliadis. (Ann. de Parasitol., 7, 
1929, 353.) 

Resembles Eperythrozoon coccoides in 
staining, distribution on the erythro¬ 
cytes and also in appearance except that 
circular disks with solid staining centers 
may greatly outnumber the ring forms. 
Found on the red blood cells and in the 
plasma. Size range that of Eperythro- 
zooncoccotdes, also some largerring forms. 

Cultivation: Not successful. 

Immunology: Infection is followed by 
premunitioQ and latent infection is made 
manifest by splenectomy. Splenectom¬ 
ized rabbits premunized against E. coc¬ 
coides do not react to inoculation with 
E. dispar; if the latter is injected first, 
they do not react to E. coccoides. 

Infectivity: Infective for the European 
vole {Arvicola[Microtu8] an'.alis), the 
American vole {Microtus pennsylvanicus 
pennsylvanicus), the dwarf mouse {Mus 
minulus), the rabbit, and Mus acomys. 


Not infective for albino rats or albino 
mice. 

Source: Blood of infected animals. 

Appendix: 1) Species incompletely 
studied, Eperythrozoon spp. and Epery- 
tlirozoun-Vike structures (Weinman, 
Trans. Amer. Philosoph. Soe., N. S. S3, 
pt. 3, 1944 , 320). 

Eperythrozoon noguchii LwofTand Vau- 
cel. (Bull. Soc. path. exot. 26, 1933, 
397.) Probably not a valid species. 

Eperythrozoon perckropovi Yakimoff. 
(Arch. f. Protistenk., 73, 1931, 271.) 
Classification in genus Eperythrozoon 
questionable. 

Bartonella wenyoni Nieschulz. 
(Ztschr. f. Infektionskr., S3, 1938, 178.) 
Probably identical with Eperythrozoon 
wenyoni. If valid, Haemobarlonella 
wenyoni. 

Possible human infection (SchufTner, 
Nederl. tijdschr. v. geneesk., 75, 1939, 
3778). 

2) Animals infected with parasites 
which are definitely eperythrozodn-Iike 
but of uncertain specificity or which arc 
eperythrozoon-like in some features but 
which can not be definitely classified 
generically: 

Jerboa sp. Kikuth. (Cent. f. Bakt., I 
Abt., Grig., 123, 1931, 356.) 

Arvicola arvalis Zuelzer. (Zuelzer, 
Cent. f. Bakt., I Abt., Grig., 102, 1927, 
449; Kikuth, Ergebn. Hyg. Bakt., Im- 
munitatsforsch. u. Exper. therap., IS, 
1932, 559.) 

Rattus raltus Schwetz. (.\uu. Soc. 
beige de med. trop., 14 , 1934, 277.) 

Sciurus vulgaris Nauck. (Arch. f. 
Schiffs- u. Trop.-Hyg., SI, 1927, 322.) 

Leptodactylus pentadactylus Carini. 
(Compt. rend. Soc. Biol., Paris, 103, 
1930, 1312.) 
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F.UIILY III. CHL.AIVIYDOZOACEAE MOSHKOVSKY.* 

(Uspekhi Souremennoi Biologii (Russian) (Advances in Modern Biology), 19, 

1945, 12.) 

Small, pleomorphic, often coccoid microorganisms usually with characteristic de 
velopment cycle. Stain with aniline dyes. Gram-negative. Behave as 
intracytoplasraic parasites. Have not been cultivated in cell-free media^ -uu. 
adequate for classification lacking for more recently isolated members. The at ri 
tion of Genus III, Colesiota, either to Rickettsiaceae or to Chlamydozoaceae is s i 

doubt. 

Key to the genera of family Chlamydozoaceae. 

I. Cells coccoid and with life cycle. 

A. Non-cultivatable in chicken embryonic tissues. 

Genus I. Chlamydozoon, p. 1114. 

B. Cultivatable in chicken embryonic tissues. 

Genus II. Miyagawanella, p. 1115. 

II. Cells pleomorphic. 

Genus III. Colesiota, p. 1119. 


Genus 1. Chlamydozoon Halbersiaedter and von Prowazek. 

(Arb. a. d. kaiserl. Gesundheitsamte, 26, 1907 , 44.) From Greek chlamydos, c 

and zoon, animal. 

Coccoid spherical cells with developmental cycle. Gram-negative. 
plasmic habitat. Non-cultivatable in chicken embryonic tissues, ous p 

sulfonamide and penicillin action. 

The type species is Chlamydozoon trachomatis Foley and Parrot. 


1. Chlamydozoon trachomatis Foley 
and Parrot. {Rickettsia trackomae Bus- 
acca, Arch. Ophthalm., 62, 1935, 567; 
Foley and Parrot, Arch. Inst. Past. d’Al- 
g^rie, 15, 1937, 339; Rickettsia (racftoma- 
tis Foley and Parrot, idem.) Named for 
the disease, trachoma. 

Coccoid bodies: Small microorganisms 
200 to 350 millimicrons in diameter form 
the elementary bodies. Initial bodies 
up to 800 millimicrons in diameter and 
plaques up to 10 microns also found. All 
larger forms encapsulated with substance 
derived either from the agent or from 
the cytoplasm of the parasitized cells. 
Elementary body is the basic unit. 
Paired forms or clusters occur. Gram- 
negative. Stains poorly with aniline 


dyes; blue or reddish-blue 
Giemsa stain and red or blue, de^ 
on the metabolic state, with t e i ^ 
avello stain. Matrix of plaques g 
strong reaction for glycogen. 

motile. „jjjti- 

Cultivation: Has never ee 

vated. ^ jjg of 

Immunological aspects: a 
more antigens in common with o 
resembling one or more presen 
gaicanella spp. Produces, ^le- 

centrations, antibodies whic 
ment with antigen from 

lympkogranulomatis. 

Pathogenicity: Pathogenic f ^ 
apes and monkeys wherejt^^ ^ 


alive, oiaiuo - --- ■_ —- 

^ pi^pm^y Dr. Geoffrey Rake, The Squibb Institute for Medical Re 
New Brunswick, New Jersey, September, 1946. 
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the corneaand conjunctiva causing highly 
destructive lesions. 

Chemotherapy: Susceptible to sulfon¬ 
amides and penicillin. 

Source: Found in scrapings of cornea 
or conjunctiva in cases of trachoma. 

Habitat: The etiological agent of tra¬ 
choma in man. 

2. Chlamydozoon oculogenltale Mosh- 
kovsky. (Moshkovsky, Uspekhi Sour- 
emennoi Biologii, 19, 1945, 12.) From 
Latin oculus, eye and genitalis, genital. 

Morphology and staining reactions: 
As for Chlamydozoon Irachomalis. 

Cultivation: Has never been culti¬ 
vated. 


Inununological aspects: As for C. tra¬ 
chomatis. 

Pathogenicity: Pathogenic for man, 
baboons and monkeys. Causes an acute 
conjunctivitis and, in man, an inflamma¬ 
tion of the lower genito-urinary tract. 

Chemotherapy: Susceptible to sulfon¬ 
amides and penicillin. 

Source: Found in conjunctival exu¬ 
dates, and in exudates from infected 
urethra or cervix. Also present in con¬ 
taminated pools of water. 

Habitat: The etiological agent of swim¬ 
ming pool conjunctivitis, neonatal con¬ 
junctivitis or inclusion conjunctivitis. 


Genus II. Miyagawanella Brumpt. 

(Ann. de Parasit., 16, 1938, 153.) Named for Prof. Miyagawa, the Japanese bacte¬ 
riologist, who first (1935) grew the type species in the chick embryo. 

Coccoid to spherical cells with a developmental cycle. Gram-negative. Intra- 
cytoplasmic habitat. Cultivatable in chicken embryonic tissues. Some species are 
susceptible to sulfonamide or penicillin action. 

The type species is Miyagawanella lymphogranulomatis Brumpt. 

Key to the species of genus Miyagawanella. 

I. The etiological agent of lymphogranuloma venereum, lymphogranuloma in¬ 
guinale, climatic bubo, and esthiomdne in man. 

1. Miyagawanella lymphogranulomatis. 
II. The etiological agent of psittacosis or parrot fever. 

2. Miyagawanella psittaci. 
in. The etiological agent of ornithosis (Meyer). 

3. Miyagawanella ornithosis. 

IV. The etiological agent of one type of viral pneumonia. 

4. Miyagawanella pneumoniae. 

V. The etiological agent of mouse pneumonitis (Gonnert). 

5. Miyagawanella hronchopneumoniae. 

VI. The etiological agent of feline pneumonitis (Baker). 

6. Miyagawanella felis. 

VII. The etiological agent of Louisiana pneumonia. 

7. Miyagawanella louisianae. 

VIII. The etiological agent called the Illinois virus, the cause of one type of viral 
pneumonia. 


8. Miyagawanella illini. 
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1. Miyagawanella lymphogranuloma- 
tis Brumpt.(Brumpt, Ann. de Parasit., 
16, 1938, 153; Ehrlichia lytnphogranulo- 
7 nalo$is Mauro, (Reference not found.) 
Named for the disease, lymphogranu¬ 
loma. 

Coccoid bodies: Small microorganisms 
200 to 350 millimicrons in diameter form 
the elementary bodies. Initial bodies 
up to 1 micron and plaques up to 10 
microns also found. All larger forms 
encapsulated with a .substance derived 
either from the agent or from the cyto¬ 
plasm of parasitized cells. Elementary 
body is the basic unit. Paired forms or 
clusters occur. Gram-negative. Stain 
witli aniline dyes, purple with the Giemsa 
stain and red or blue, depending on 
metabolic state, witli the Macchiavello 
stain. Matrix of the plaque does not give 
the reaction for glycogen. Non-motile. 

Filterability: Passes through Chamb- 
erlaiul hi and L 3 , Berkefeld V and N and 
sometimes through Seitz EK filters. 

Cultivation: In plasma tissue cultures 
of mammalian cells, in mammalian cells 
on agar, in the chorio-allantoic membrane 
or particularly in the yolk sac of the 
chicken embryo but has not been culti¬ 
vated in. the allantoic sac. Optimum 


two serological reactions are with dis¬ 
tinct specific antigens. Immunity in 
man or animals is probably poor in the 
absence of continuing apparent or inap- 
parent infection. 

Toxic factor: Infected yolk sac or 
yolk injected intravenously or intra- 
traperitoneally is rapidly fatal to mice. 
Produces characteristic lesions on the 

skin of normal guinea pigs. 

Pathogenicity: Pathogenic for man, 
apes, monkeys, guinea pigs, cotton rats, 
hamsters, mice, chicken embryos. In- 
apparent infections may occur with t e 
agent harbored in the organs. 
local genital lesions, septicemia, lymphad¬ 
enitis, meningitis, ophthalmitis an 

rarely pneumonitis in man. 

Tissue tropisms: In laboratory roden s 
this species is infective by the intra- 
nasal (pneumonitis), the intracere m 
(meningitis) and the intradermal rou 

Chemotherapy: Susceptible to^ m 
tively high concentrations of penici > 
to the sulfonamides and to some an « 


Qy compounds. . . 

ource:Most commonly the ge 
retions of infected individual or 

ining lymph nodes. Also occaa.on by 




temperature 37®C in tissue cultures, 
35®C in the chicken embryo. 

Immunological aspects: Has one or 
more antigens in common with or closely 
resembling one or more present in the 
chlamydozoa and other miyagawanellae. 
Antisera against any of these two genera 
react with antigens from Miyagawanella 
lyniphograriulotnatis or the other mija- 
gawanellae thus far tested. One com¬ 
mon antigen has been isolated as a soluble 
fraction distinct from the bodies of the 
agent. Distinguished sharply from the 
other miyagawanellae by antitoxic neu¬ 
tralization of toxic factor or by neutra¬ 
lization of infections in mice with chicken 
antisera. Evidence exists that these 

* This is the type species of the genus 
because of the earlier il/*cro 6 adcriMm Orla 


tions. , . of 

Habitat: The etiological 
lymphogranuloma venereuni, X 
granuloma inguinale, climat.c buto, « 
thiomtoe and some forms of snore 
inflammation. 

2. Miyagawanella psittaci 
Moshkovsky. L Ih^- 

Publ. Health Repts., 46, , 

Microbacterium multiforme P 

Levinthal ,* 1 ^‘’"* 52 ^':‘Xshkovsky. 

Ckbi siirern^oiWuK^^^^^ 

(Advances in Modem - 

12; Ehrlichia psittaci ^['biid^- 

19.) From Psittaci, an^order^^^^ 

Microbacterium Levinthal which la m 

-Jensen. 1919, see p. 370. 
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Coccoid bodies: As for ^^iyagawa^u'lla 
lymphogranulomatis. 

Filterability: Partly filterable through 
Berkefeld N, Chamborland L and Q or 
Seitz EK filters. 

Cultivation: As for Miyagawanella 
lymphogranulomatis but grows readily in 
allantoic sac without adaptation. 

Immunological aspects: As for M. 
lymphogranulomatis but no soluble frac¬ 
tion yet demonstrated. 

Toxic factor: Infected yolk sac or 
yolk injected intravenously or intraperi- 
toneally is rapidly fatal to mice. 

Pathogenicity: Pathogenic for birds 
(particularly psittacine and finch 
species), man, monkeys, guinea pigs, 
pocket gophers, hamsters, white rats, 
kangaroo rats, mice, rabbits and chicken 
embryos. Inapparent infections may 
occur with the agent harbored in the 
organs. Causes a highly fatal pneumoni¬ 
tis with septicemia in man. 

Tissue tropisms: Causes a septicemia. 
In man this species shows predilection 
for the respiratory tract. In lal)orator>’ 
rodents, it is infective by the intranasal, 
theintraperitoneal (peritonitisand septi¬ 
cemia), the intracerebral and the intm- 
venous routes. 

Chemotherapy: Susceptible to rela¬ 
tively high concentrations of penicillin. 
Some strains are susceptible to sulfon¬ 
amides. 

Source: Found in the organs and nasiil 
secretions of infected birds and, from the 
latter, spreads to the plumage by preen¬ 
ing and other methods. Plentiful in drop¬ 
pings or dust from infected cages. Rela¬ 
tively resistant under such conditions. 

Habitat: The etiological agent of psit¬ 
tacosis or parrot fever. Also of some 
cases of atypical pneumonia. 

3, Miyagawanella ornithosis Rake, 
spec. nov. From Greek ornithos, bird. 

Coccoid bodies: As for Miyagawanella 
lymphogran ulomatis . 

Cultivation: As for Miyagawanella 
psittaci. 


Immunological aspects: Has one or 
more antigens in common with, or closely 
resembling, one or more present in chla- 
mydozoa and other miyagawanellae as 
shown by a cross reaction in complement 
fixation tests. Sharply distinguished 
from other miyagawanellae by toxin- 
antitoxin neutralization or by neutrali¬ 
zation of infection in mice with chicken 
antisera. The latter test however sug¬ 
gests that the agent of mcningopneumo- 
nitis (Francis and Magill, Jour. Exp. 
Med., 68 , 1038. 147) is this species rather 
than something distinct. Immunitv in 
man or animals is probably poor except 
in the presence of continuing apparent 
or inapparent infections. Cross reac¬ 
tions suggest that Miyagawanella orni- 

more closely related to 
Miyagawanella lymphogranulomatis than 
is M. psiltnei. 

Toxic factor: As for MiyagawaiicUa 
psiltaci. 

Pathogenicity: Pathogenic for birds 
(especially non-psittaeine species), man, 
ferrets, guinea nigs, liamsters, white 
rats, kangaroo rats, mice, rabbits and 
chicken embryos. Inapparent infec¬ 
tions may occur. Causes a moderately 
severe pneumonitis with septicemia in 
man. 

Tissue tropi.sms: Causes a septicemia. 
In birds and man shows a predilection for 
the lungs. In laboratory rodents, this 
species is infective by the intranasal, in¬ 
tracerebral, intravenous and (with rela¬ 
tively large inocula of most strains) in¬ 
traperitoneal routes. 

Chemotherapy: Susceptible to rela¬ 
tively large doses of penicillin. Not 
susceptible to sulfonamides. 

Source: Found in organs and nasal se¬ 
cretions of finches, pheasants (including 
domestic chickens), domesticated doves, 
fulmar petrels and other birds. Spreads 
from the secretions to plumage and drop¬ 
pings. 

Habitat: Tiie etiological agent of orni¬ 
thosis (Meyer) and meningopneumonitis 
(Francis and Magill). 
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4. Miyagawanella pneumoniae Kake, 
spec. nov. Xamed for the disease, pneu¬ 
monia. 

Coccoid bodies: As for Miyagau-anella 
lymphogranulomads but slightlj' smaller, 
circa 200 millimicrons in diameter. 

Cultivation; As for Miyagawanella 
psitiaci. 

Immunological aspects; As for Miya¬ 
gawanella psiUaci. Distinct from Miya¬ 
gawanella ornithosis by the neutraliza¬ 
tion test with chicken antisera. 

Pathogenicity: Pathogenic for birds, 
man, cotton rats, hamsters, white rats, 
kangaroo rats, mice and chicken embryos. 
Causes a fatal pneumonitis in man. 

Tissue tropisms; As for .V iyagawanella 
ornithosis. 

Chemotherapy: As for Miyagawanella 
ornithosis. 

Source: Occurs in lungs of infected hu¬ 
mans. Possibly originally of avian origin. 

Habitat: The etiological agent of one 
type of viral pneumonia. The type strain 
is the so-called strain S-F (Eaton, Beck 
and Pearson, .Journ. Exp. Med., 73, 1041, 

mi). 

5. Miyagawanella bronchopneumonlae 

Moshkovsky. (Moshkovsky, Uspekhi 
Souremennoi Biologii, J9, 1945, 19; Ehrli¬ 
chia bronchopneunioniae Moshkovsky, 
idem.) Named for the disease, broncho¬ 
pneumonia. 

Coccoid bodies: As for Miyagawanella 
pneuinoniae. 

Cultivation: As for Miyagawanella 
lymphogranulomatis. Does not grow in 
the allantoic cavity of the chick. 
Immunological aspects:-\s for Miya¬ 
gawanella lymphogramdomatis but no 
soluble antigen has been demonstrated. 

Toxic factor: Heavily infected yolk 
sacs and yolk injected intravenously are 
very rapidly fatal to mice. 

Pathogenicity: Pathogenic for mice, 
hamsters and ferrets. Produces a mod¬ 
erately severe pneumonitis. 

Tissue tropisms: Shows a predilection 


for the lungs. In mice, it is also infec¬ 
tive by the intravenous route. 

Chemotherapy: Susceptible to sulfon¬ 
amides and to relatively large doses of 
penicillin. 

Source: Found in lungs of certain 
stocks of the laboratory mouse. 

Habitat: The agent of mouse pneumo¬ 
nitis. Bronchopneumonie virus (Gon- 
nert, Cent. f. Bakt., I Abt., Orig., 
1941, 151). 


6. Miyagawanella fells Rake, spec, 
ov. From Latin/c/fs, cat. 

Coccoid bodies; As for MiyagawaneUa 
imphogranulomatis. 

Cultivation: As for Miyagawanella 

sittaci. .. 

Immunological aspects: As for - 
iwanella psiUaci but nothing 
bout inapparent infections in ® 
atural host, the domestic cat. 

Toxic factor: Infected yolk sac o 

ther membranes and yolk or other ui » 

ijected intravenously into mice 
hicken embryos or intraperitonea > 
^to mice are rapidly fatal. 
Pathogenicity: Pathogenic for ca • 
amsters, mice and chicken em 
lauses a faUl pneumonitis with a 

onjunctivitis in cats. ^innes 

Tissue tmpisms:PrediIict.on for lun^s 

nd conjunctivae. In labora JY 
ents. this species is 
itranasal, intraperitoneal, i 

nd intravenous routes. „„.nnella 

Chemotherapy: As for Miyag 

rnitkosis. 

Source: Lungs of infected cats. 
Habitat: The etiological 
irm of cat nasal catarr , 
istemper (Baker, Science. 96, W 
id feline pneumonitis. 

7. Miyagawanella of 

nor. Named for the State 

ouisiana. ui,.naawaneUa 

Coccoid bodies: As for M%y 9 
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Filterability: Filters through Berke- 
feld N and Mandler 6, 7 and 9 filters. 

Cultivation: In the yolk sac of the 
chicken embrj'o. 

Immunological aspects: Indistinguish¬ 
able from other miyagawanellae by com¬ 
plement HxatioD tests with yolk sac an¬ 
tigens. Partly distinguished from Mi- 
yagawanella psiltaci and M. ornithosis 
by active immunization in mice and 
guinea pigs. 

Pathogenicity: Pathogenic for man, 
guinea pigs, cotton rats, mice and chicken 
embryos. Slightly pathogenic for white 
rats, golden hamsters and deer mice. 
Afacflctzs rhesus monkeys, rabbits, musk¬ 
rats and nutria are unaffected. Causes a 
highly fatal pneumonitis and septicemia 
in man. 

Tissue tropismsr Causes a septicemia. 
In man this species shows predilection 
for the respiratory tract. In laboratory 
rodents it is infective by the intranasal, 
intraperitoneal, intracerebral, intra¬ 
muscular and subcutaneous routes. 

Chemotherapy: As for Miyagawanella 
ornithosis. 

Source: Sputum and organs of in¬ 
fected persons. 


Habitat: The etiological agent of 
Louisiana pneumonia (Olson and Larson, 
U. S. Pub. Health Repts., 69, 1944,1373), 
so-called Borg strain. 

8. Miyagawanella illini Rake, spec, 
nov. Named for the State of Illinois. 

Coccoid bodies: As for Miyagawanella 
lymphogranulomatis. 

Filterability: Passes through Berke- 
feld N or W filters. 

Cultivation: In the yolk sac of chicken 
embryo. 

Immunological aspects: Distinguished 
from other miyagawanellae by neutrali¬ 
zation tests in mice with chicken anti¬ 
sera and partly from Miyagawanella psit- 
taci, M. ornithosis and M. pneumonia by 
active immunization in mice. 

Pathogenicity: Pathogenic for man and 
white mice. Causes a highly fatal pneu¬ 
monitis in man. 

Tissue tropisms: Infective in mice by 
the intranasal, intraperitoneal, intra¬ 
cerebral and subcutaneous routes. 

Source: Lungs of infected persons. 

Habitat: The etiological agent called 
the Illinois virus (Zichis and Shaiigh- 
nessy, Science, 102, 1945, 301). 


Gemis in. Coleslota Rake, gen. nov. 

{Rickettsia Coles, 17th Rept. Direct. Vet. Serv. and An. Ind. Un. South Africa, 
1931, 175.) Named for Prof. Coles who first studied these organisms. 
Pleomorphic cells which may be coccoid, triangular, rod-shaped or in the form of 
rings. Gram-negative. Intracytoplasmic liabitat. 

The type species is Colesiota conjunctivas (Coles) Rake. 


1. Colesiota conjunctivae (Coles) 
Rake, comb. nov. {Rickettsia conjuncti¬ 
vae Coles, 17th Rept. Direct. Vet. Serv. 
and An. Ind. Un. South Africa, 1931,175; 
Chlamydozoon conjunctivae Moshkovsky, 
Uspekhi Souremennoi Biologii, 19, 1945, 
19.) From M. L. conjunctiva, the con¬ 
junctiva. 

Pleomorphic bodies: Average diameter 
600 to 950 millimicrons. May be solid 
and coccoid, rod-shaped, or triangular, 
or in form of open rings or horse-shoes. 


No chains. Masses frequent. No cap¬ 
sule. Stains with ordinary aniline dyes 
but less intensely than bacteria. Gram- 
negative. Non-motile. 

Cultivation: Has never been culti¬ 
vated. 

Immunological aspects: Unknown. 

Pathogenicity: Pathogenic for sheep, 
cattle and goats. Causes acute con¬ 
junctivitis and keratitis. 

Tissue tropisms: Affects only the con¬ 
junctiva and cornea. 
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Habitat: Found in scrapings of cornea 
or conjunctiva or in discharges from 
affected eyes. Etiological agent of infec¬ 
tious or specific ophthalmia in sheep, 
cattle and goats. 


Tissue tropisms: As for Colesiola con- 
junctivac. 

Source: As for Cohsiota conjunctivae. 
Habitat: The etiological agent of one 
form of ocular roup in fowls. 


2. Colesiotaconjunctivae-galUi (Coles) 
Rake, com6. nov. (Rickettsia conjuncti- 
vae-galli Coles, Onders. Jour. Vet. Sci. 
and Indust., U, 1940. 469.) From con¬ 
junctiva and Latin gallus, hen. 

Pleomorphic bodies: Similar to Cole- 
siota conjunctivae. Stain purplish-red 
or blue wdth the Giemsa stain. 

Cultivation: Has never been culti¬ 
vated. 

Immunological aspects: Unknown. 

* Pathogenicity: Pathogenic for the do¬ 
mestic fowl. Causes an acute conjunc¬ 
tivitis and keratitis. 


Appendix: The following are similar to 
ir identical with the above: 

Rickettsia conjunctivae-bovis (Coles, 

louth Afr. Vet. Med. Assoc., 7, 1936, 1) 
annot be distinguished from Colestola 
onjunctivae by any described character- 

stics. . 

Rickettsia lestoquardi Donation an 

layot. (Bull. Soc. Path. Exot., 55 ,1942, 

125.) Found in benign conjunctivitis 
n swine similar to that which occurs 
•uminants. 
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* Appendix to Order Rickettsiales: The following are described species of intra- 
cytoplasmic and intranuclear parasites of Protozoa whose relationships to similar 
parasites of arthropods and vertebrates are not yet clear. All of the protozoon in¬ 
tracellular parasites arc of larger size than typical members of Rickettsiales and some 
have been placed in genera {Cladothrix, Micrococcus) where the typical species do 
not live intraccllularly. 

Genus A. Caryococcus Dangeard. 

(Compt. rend. Acad. Sci., Paris, 134, 1902, 1365.) 

Genus established for a bacterial parasite of the nucleus of Euglena; organisms 
rounded. 

The type species is Caryococcus hyperirophicus Dangeard. 


1. Caryococcus hypertropbicus Dan¬ 
geard. (Compt. rend. Acad. Sci., Paris, 
134, 1902,1365.) Parasitic in the nucleus 
of a flagellate {Euglena deses). 

Occurs in the nucleus as an agglomera¬ 
tion of close-set, rounded corpuscles. 
The nucleus increases considerably in 
volume, the chromatin is reduced to thin 
layers against the membrane, the interior 
of the nucleus is divided into irregular 
compartments by chromatic trabeculae. 

2. Caryococcus cretus Kirby. (Univ. 
Calif. Publ. Zool,, 4^, 1944, 240.) Para¬ 
sitic in the nucleus of a flagellate (2’ri- 
chonympha corhula) from the intestine 
of a termite {Procryptotermes sp.), 
Madagascar. 

Spherules 1 to 1.5 microns or more in 
diameter, in preparations appearing clear 
with usually a chromatic, sharply de¬ 
fined, crescentic structure peripherally 
or interiorly situated, sometimes with 
two such bodies or several chromatic 
granules; parasitic in nucleus; parasit¬ 
ized nucleus enlarged only moderately or 
not at all, chromatin altered but not 
greatly diminished in amount. 

3. Caryococcus dilatator Kirby. 
(Univ. Calif. Publ. Zool., 49, 1944, 238.) 
Parasitic in the nucleus of flagellates 
{Trichonympha chailoni and other species 
of Trichonympha) from the intestine of 


• Prepared by Prof. Harold Kirby, Jr. 
fornis, October, 1946. 


termites {Glyplolermes iridipennis), Aus¬ 
tralia, and other species. 

Spherules 0.5 micron or less in di¬ 
ameter, internally differentiated with 
stainable granule or staiiiable region pe-* 
ripherally situated; parasitic in nucleus 
and nucleolus; nucleus becomes greatly 
enlarged and the c hromatin mostly or 
entirely disappears. 

4. Caryococcus invadeos Kirby. 
(Univ. Calif. Publ. Zool., 49, 1944, 238.) 
Parasitic in the nucleus of a flagellate 
{Trichonympha peplophora) from the in¬ 
testine of a termite {Neotermes howa), 
Madagascar. 

Spherules 1 to 1.5 microns in diameter, 
sometimes arranged in pairs, often in¬ 
ternally differentiated with stainable 
central or peripheral granules or stained 
areas; parasitic in the nucleolus or endo- 
somc and nucleus; parasitized nucleolus 
becoming greatly enlarged and crossed by 
trabeculae, eventually consumed; nu¬ 
cleus becoming moderately enlarged, but 
chromatin not disappearing. 

5. Caryococcus nucleophagus Kirby. 
(Univ. Calif. Publ. Zool., 49, 1944, 236.) 
Parasitic in the nucleus of a flagellate 
{Trichonympha corhula) from the intes¬ 
tine of termites {Procryptotermes sp.), 
Madagascar, and three species of Kalo- 
termes (s. 1.) from Madagascar. 

University of California, Berkeley, (^li- 
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Spherules with a diameter of about 0.5 
micron, sometimes arranged in pairs, 
sometimes with a thicker, crescentic, 
stainable area of the periphery on one 
side; parasitic within the nucleus, ex¬ 


terior or interior to the chromatin mass, 
which may be diminished in amount, but 
does not disappear, nor is the parasitized 
nucleus appreciably enlarged. 


Genu^ B. Drepanosplra Petschenko. 

(Arch. f. Protistenk., 22, 1911, 2S2.) 

Cell incurved in two spiral turns that are not abrupt, one of the ends pointed, the 
other a little rounded, no flagella, movement helicoid by means of all the body, no 
cell division, endospores formed, regular spherical colonies formed by individuals at 
certain stages of development. 

The type species is Drepanosplra mxilleri Petschenko. 


1. Drepanosplra rniilleri Petschenko. 
{Mvllerina paramecii Petschenko, Cent, 
•f. Bakt., I Abt., Orig., 56, 1910, 90; 
Petschenko, Arch. f. Protistenk., 22, 
1911, 252; see also Kirby, in Calkins and 
vSummers, Protozoa in Biological Re¬ 
search, 1941, 1036.) Parasitic in the 
cytoplasm of Paramecium cauAalum. 


Developing from a group of curve 
rods in the cytoplasm to a large, ellipso'' 
dal mass almost filling the body. Nu¬ 
clear portion occupying part of t e 
cell. 

The author regards this genus as be¬ 
longing in the family Spirillaceae c 
tween Spirosoma and Microspira. 


Genus C. Holospora Haffkine. 

(Ann. Inst. Past., 4, 1890, 151.) 

Genus established for bacterial parasites of the ciliate, Paramecium aurelia { 

Paramecium caudalum ?)• 

The type species is Holospora undulata Haffkine. 


1. Holospora undulata Haffkine. 
(Ann. Inst. Past., Paris, 4 , 1890, 151.) 
In the micronucleus of the ciliate Para¬ 
mecium aurelia (= P. caudatumf). 

Gradually tapered at ends; Ij, 2 and 
2J spiral turns; develops from a small, 
fusiform body which grows and divides 
transversely; brings about a great en¬ 
largement of the micronucleus, which 
becomes filled with the spirals (see 
Drepanospira rniilleri Petschenko). 

2. Holosporaelegans Haffkine. (Haff¬ 
kine, Ann. Inst. Past., Paris, 4, 1890, 
154; see also Kirby, in Calkins and Sum¬ 
mers, Protozoa in Biological Research, 
New York, 1941, 1035.) In the micro- 
nucleus of the ciliate, Paramecium 
aurelia (- P. caudalum t). 


Vegetative stage fusiform; elonj^ted, 
elliptical, nucleus-like body in ' 
divides equatorially, budding at one e 
transformation into spore entails e ' 
largement, clear space separating m 
brane at sides, spore pointed at en s. 


Holospora obtusa Haffkin. 

, Ann. Inst. Past., Paris, 4 . * 8 ^; 
also see Fiveiskaja, Arch. I- 
nk., 55, 1929 , 276.) 

;U8 of the ciliate Paramectu^ 

(= P. caudalum f). are 

ores not spimlled and both ends 

ded. Reproduction by fiss'o”, 
)rmation of a bud at one o 
ities of the fusiform cell, 
rounded ends 12 to 30 
spindle-shaped bodies with po 
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ends, 0.5 by 3 to 6 microns (Fiveiskaja, 
loc. cit.). 

The following species have been placed 
in genera belonging in the orders Chlamy- 
dobacleriales and Euhacleriales respec¬ 
tively : 

Cladothrix pelomyxae \’eley. (Veley, 
Jour. Linn. Soc., Zool., 29, 1*J05, 375; 
see also Leiner, Arch. f. Protistenk., 47 
1924, 282; Kirby, in Calkins and Sum¬ 
mers, Protozoa in Biological Research, 
New York, 1941, 1025; Hollande, Bull. 
Biol. France Belg., 79, 1945, 49.) In the 
cytoplasm of the rhizopod, Pelomyxa 
palustris and probably also other species 
of Pelomyxa. 

Rods, 1.5 to 22 microns or more in 
length, divided into several to many 
sections by transverse partitions, gen¬ 
erally aggregated in proximity to the 


nuclei, which may be thickly invested by 
close-set bacteria applied to the surface. 

Micrococcus batrochonim (sic) Vaki- 
moff. (Arch. f. Protistenk., 72, 1930, 
137.) In the cytoplasm of the flagellate. 
Trichomonas batrachorurn from the tree 
toad {Hyla urborea). .\lso seen free in 
preparations of the intestinal contents 
of llyla. 

\ Round, I to 1.5 microns in diameter, 
grouped generally in aggregates of ir¬ 
regular form, but also occur individually. 

Notl: Further descriptions of bacte¬ 
rial and other parasites of Protozoa with 
bibliography will be found in Calkins 
and Summers, Protozoa in Biological Re-. 
search, New York, 1941, 1009-1113 and in 
Kirby, Univ. of Calif. Pub. in Zoilo'c. 
r,.i 1946, 19^207. 




SUPPLEMENT NO. 2 


ORDER VIRALES 
THE FILTERABLE VIRUSES 


Copyright 1948 by 
Francis O. Holmes 
Princeton, N. J. 




FILTERABLE VIRUSES* 


The so-called filterable viruses, today generally called merely viruses, 
are still of unknown affiliations so far as relationships to established groups 
of microorganisms are concerned. They are treated here as members of 
an order, consisting of 13 families, 32 genera and 248 species. 

Among viruses as we know them, there are three constituent groups 
that have come to be recognized, and to some extent named and classified, 
through the largely separate efforts of bacteriologists, animal pathologists, 
and plant pathologists. Taxonomic overlapping of the three groups, 
viruses affecting bacteria, viruses having only animal hosts, and viruses 
invading higher plants, can hardly be justified as yet by available evidence. 
Nevertheless it has been shown that a single virus may multiply both in a 
plant host and in an insect vector. This seems to dispose of the thought 
that adaptation to a plant or animal environment would necessarily pre¬ 
clude utilization of other sources of the materials needed for multiplication. 

For the present it seems feasible to continue with the custom, tacitly 
accepted in the past, of classifying bacteriophages separately as one 
sub-group, viruses causing diseases in seed plants as a second sub-group, 
and those causing diseases in animals as a third sub-group. It should be 
recognized that this may prove to bo only a temporary arrangement, 
necessary because we have no evidence to warrant taxonomic overlapping 
of the three groups and useful while we await critical investigations and 
possible development of a substitute plan capable of displaying natural 
relationships to better advantage. Eventually evidence may become 
available to show that some bacteriophages can infect higher plants or 
animals and can increase in the new environment, or that viruses known 
to attack animals or plants can similarly enlarge their host ranges. Or, 
there may be discoveries of common physical properties that would aid 
in formulating an interlocking classification, for which at present we lack 
any substantial basis. 

It is of especial significan('e now that the three fields be unified at least 
by a parallel development of nomenclature. Toward this end the pres¬ 
ent section of this supplem.ent is directed. 


• Supplement No. 2 has been prepared by Francis 0. Holmes, The Rockefeller In¬ 
stitute for Medical Research, Princeton, N. J., September, 1944. In this section, 
authorities for the names of plant hosts are in general as given by Gray’s New Manual 
of Botany, 7th edition, and Bailey’s Manual of Cultivated Plants, 1938; in each of these 
standard works will be found a list of abbreviations customarily used in botany in citing 
authorities for binomials. 
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MANTAT- OF DF/rERMiXATIVE BACTERIOLOGY 


ORDER VIRALES Breed, Murray and Hitchens. 

(Jour. liact., 47, 1944, 421.) 

Viruses. Etiological agents of disease, typically of small size and capable of 
passing filters tliat retain bacteria, increasing only in the presence of living cells, 
giving rise to new strains by mutation, not arising de novo. A considerable num¬ 
ber of viruses have not been proved filterable; it is nevertheless customary to in¬ 
clude these viruses with those known to be filterable, because of similarities in 
other attributes and in the diseases induced. Some not known to be filterable are 
inoculable only by special techniques, as by grafting or by use of insect vectors, 
and suitable methods for testing their fdterability have not been developed; more¬ 
over, it is not certain that so simple a criterion as size measured in terms of filter- 
ability will prove to be an adequate indicator of the limits of the natural group. 
Cause diseases of bacteria, plants and animals. 

Key to the suborders of order Virales. 

I. Infecting bacteria. 

Suborder I. Phagineae, p. 112S. 

II. Infecting higher plants. 

Suborder II. Phytophagineae p. 1145. 

III. Infecting animals (insects, mammals). 

Suborder III. Zoophagineae, p. 1225. 

Suborder I. Phagineae subordo novus. 

Viruses pathogenic in bacteria; bacteriophages. Containing at present only one 
family, the Phagaceae. 

FAMILY I. PHAGACEAE HOLMES. 

(Handb. Phytopath. Viruses,* 1939, 1.) 

Characters those of the suborder. There is a single genus. 

Genus I. Phagus Holmes. 

{hoc. cit., 1.) 

Characters those of the family. Generic name from Greek phagein, to eat. 

The type species is P/iagus mfnimus Holmes. 

Note: Bacteriophagum d’Herelle (Compt. rend. Soc. Biol., Paris, 81, 1918, Ho ) 
a genus name applied in connection with early studies of bacteriophages, had as its 
type species Bacteriophagum intestinale d’Herelle, a bacteriophage that is not now 
identifiable or, more probably, a mi.\ture of such unidentifiable bacteriophages, or 
filtrates containing it were said to be capable of killing outright a culture of actena 
{ibid., 1160). The genus name Bacteriophagum is, therefore, regarded ^ a nomen u 
hium, if not also a nomen confusum; subsequently it was abandoned by its 
reasons that are not clear, in favor of the genus name Protobios d’Herelle 19 ^ 

munity in natural infectious disease; page 343 of authorized English edition by 
H. Smith, Baltimore, Williams & Wilki ns Co., 1924, 399 pp). Protobtos prolobm 

* Holmes, F. 0., Handbook of Phytopathogenic Viruses, Burgess Publishing Com 
pany, Minneapolis, Minn., 1939,221 pp. 
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d’Herelle {loc. ciE, 345), presumably tiie type species of this genus, was not an ordinary 
virus but was said to be non-parasitic (i.e., free-living) in nature, was capable of re¬ 
ducing sulphur, and is not now identifiable. The genus name Proiobios and the cor¬ 
responding binomial Protobios hactenophagus d’HerclIc are tlicrcfore regarded also 
as noinina dvbia and are not used here. Bactcriophagus Thornberry (Phylopath., 31, 
1941 23) appears to represent a variant spelling of d’Herelle’s earlier genus name; it 
was not accompanied by any indication of what recognizable single bacteriophage 
served as type and thus does not modify the standing of Bactenophagum. 


Key to the species of genus Phagus. 

I. Dysentery-coli bacteriophages. 

A. Producing large pla(|ues, 8 to 12 mm in diameter. 

1. Particle size small, 8 to 12 millimicrons. 

1. Phagus minimus. 

2. Particle size 15 to 20 millimicrons. 

2. Phagus minor. 

B. Producing moderately large plaques, 2 to 6 mm in diameter, with distinct 

halo. 

1. Particle size 20 to 30 millimicrons. 

3. Phagus parvus. 

4. Phagus primarius. 

5. Phagus secundarius. 

6. Phagus dysenleriae. 

C. Plaques medium size, 1 to 3 mm in diameter, with distinct halo. 

1. Particle size 25 to 40 millimicrons. 

7. Phagus medius. 

8. Phagus aslrictus. 

D. Plaques small, 0.5 to 1.5 mm in diameter, with soft edge or narrow halo. 

1. Particle size 30 to 45 millimicrons. 

9. Phagus major. 

10. Phagus coli. 

11. Phagus arlus. 

E. Plaques very small, 0.1 to 1.2 mm in diameter, with sharp edges. 

1. Particle size 50 to 75 millimicrons. 

12. Phagus maximus. 

II. Bacteriophages attacking Agrobaclerium lumejaciens ^nn Pseudomonas 
solanacearum Smith, Xanthomonas cUrt Dowson, Xanthmnonas pram 
Dowson, Erwinia carotovora Holland, Erwinia arotdeae Holland, Bac- 

terium stewarli E. F. Smith. 


J 
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A. Specific for bacterial hosts named above. 

13. Phagus tumoris. 

14. Phagus solanacearum. 

15. Phagus ciiri. 

16. Phagus pruni. 

17. Phagus deformans. 

18. Phagus contumax. 

19. Phagus maidis. 

III. Bacteriophages attacking Salmonella enteritidis Castellani and Chalmers. 

20. Phagus enteritidis. 

21. Phagus commutabilis. 

22. Phagus tertius. 

23. Phagus dubius. 

IV. Bacteriophage attacking Salmonella typhosa. 

24. Phagus indicens. 

V. Bacteriophages attacking Bacillus megatherium DeBary, Bacillus my- 

coides Flugge, and Rhizobium leguminosarum Frank. 

A. Thermal inactivation at 75° C in 10 minutes in vitro. 

1. Host may be freed from bacteriophage by heating at 80° C for 10 

minutes. 

25. Phagus testabilis. 

2. Host retains virus even when heated at 90° C for 10 minutes. 

26. Phag^is indomitus. 

B. Thermal inactivation at 60° C in 30 minutes. 

27. Phagus subvertens. 

VI. Bacteriophages attacking streptococci. 

28. Phagus ineptus. 

29. Phagus streptococci. 

30. Phagus maculans. 

31. Phagus lacerans. 

32. Phagus tolerans. 

33. Phagus michiganensis. 

VII. Bacteriophages attacking staphylococci. 

34. Phagus fragilis. 

35. Phagus intermedius. 

36. Phagus caducus. 

37. Phagus alpha. 

38. Phagus beta. 
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39. Phagus durabilis. 

40. Phagus liber. 

VIII. Bacteriophages attacking vibrios. 

41. Phagus cholerae. 

42. Phagus celer. 

43. Phagus effrenus. 

44. Phagus lentus. 

IX. Bacteriophages attacking Corynebacterium diphtheriae Lehmann and Neu 
mann. 


1. Phagus minimus Holmes. (Handb. 
Phytopath. Viruses, 1939, 141.) From 
Latin mim’mus, least, in reference to size. 
Common name: Bacteriophage S13. 
Hosts: Escherichia coli Castellani and 
Chalmers; dysenieriae Castellani 

and Chalmers. 

Induced disease: On plate cultures that 
are uniformly covered with confluent 
colonies of host organisms, this bacterio¬ 
phage produces large cleared plaques, 8 
to 12 mm in diameter, with wide shelving 
edges. 

Serological relationships: No cross- 
neutralization reactions with bacterio¬ 
phages C13, C36, D5, D20, C18, D3, S8, 
C21, C16, and D6. 

Immunological relationships; Member 
of Resistance Group I. 

Other properties: Particle size 8 to 12 
millimicrons. Not affected by 26.3 per 
cent urea solution. Little or no inactiva¬ 
tion by 1 ;25,000 methylene blue in 2 mm 
layer 20 cm from 100 candle-power light 
for 30 minutes. Lysis completely in¬ 
hibited by 0.25 per cent solution of 
sodium citrate. 

Literature: Burnet and McKie, Jour. 
Path, and Bact., S6, 1933 , 299-306, 307- 
318; 87, 1933, 179-184; Burnet et al., 
Austral. Jour. Exp. Biol, and Med. Sci., 
16, 1937. 227-368. 

2. Phagus min or H. {loc. cit., 141). 
From Latin minor, lesser. 


45. Phagus diphtheriae. 

46. Phagus fuiilis. 

Common names: Bacteriophage C13, 
C8, and D44. 

Hosts: Escherichia coli Castellani and 
Chalmers; Shigella dysenteriae Castellani 
and Chalmers. 

Induced disease: Large plaques, 8 to 
12 mm in diameter, with wide shelving 
edges. 

Serological relationships: Cross reac¬ 
tions with bacteriophages C8 and D44 
but not with bacteriophages S13, C36, D5, 
D20, DI3, C18, D3, S8, C21, C16, D6. 

Immunological relationships: Member 
of Resistance Group I. 

Other properties; Particle size, 15 to 20 
millimicrons. Completely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 
minutes. Specific soluble substance 
formed in lysed cultures blocks phage- 
antiphage reaction. 

Literature: Burnet, Jour. Path, and 
Bact., 36, 1933, 307-318; Brit. Jour. Exp. 
Path., 14. 1933,100-108. 

3. Phagus parvus H. {loc. cit., 142). 
From Latin parvus, small. 

Common names: Bacteriophage C36, 
S18, C38, M, and C37 of Burnet. 

Hosts: Escherichia coli Castellani and 
Chalmers; Shigella dysenteriae Castellani 
and Chalmers. 

Induced disease: Moderately large 
plaques, 2 to 6 mm in diameter, with 

distinct halo. 
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^Serological relationsliips: Induces for¬ 
mation of antibody capable of neutraliz¬ 
ing bacteriophages S18, C38, M, and C 37, 
but not bacteriophages Sl3, C13, D5, 
D20, D13, C18,D3,SS, C21,Cl6,or D6, 
which represent distinct serological 

groups. 

Immunological relationships: Member 

of Resistance Group I. 

Other properties: Particle size, 20 to 30 
millimicrons. Completely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 

minutes. 

Literature: Burnet, Jour. Path, and 

Bact., 35,1933, 307-318. 


4. Phagus primarius H. {loc. cit., 143). 
From Latin primarius, chief or first. 

Common names: Bacteriophage D5, 
C51,C50, andDIS. 

Hosts: Escherichia coli Castcllani and 
Chalmers; Shigella dysenteriae Castellam 

and Chalmers. 

Induced disease: Moderately large 
plaques, 2 to 6 mm in diameter, with 

distinct halos. 

Serological relationships: Cross-neu¬ 
tralization reactions with bacteriophages 

C51. C50, and D48, but not with S13, C13, 
C36, D20, D13, CIS, D3, S8, C21, C16, DC. 

Immunological relationships: Member 

of Resistance Group I. 

Other properties: Particle size, 20 to 
SOmillimicrons. Completely inactivated 
by 1 ;25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 

minutes. 

Literature: Burnet, Jour. Path, and 
Bact., 56, 1933, 307-318. 


5. Phagus secundarius H. {loc. cii., 
143). From Latin secundarius, inferior 

or second. . 

Common names: Bacteriophage D2U 

and G. n ♦ j 

Hosts: Escherichia coli Castellani and 

Chalmers; SAt^eiia dysenteriae Castellani 
and Chalmers. 

Induced disease: Moderately large 


plaques, 2 to 6 mm in diameter, with dis¬ 
tinct halo. 

Serological relationships: No cross- 
neutralization reactions with bacterio- 

phages S13, C13, C36, Do, D13, CIS, D3, 
S8, C21, C16,or D6. 

Immunological relationships: Member 
of Resistance Group II. 

Other properties: Nearly all inacti¬ 
vated by 1:2o,000 methylene blue in 2 mm 
layer 20 cm from 100 candle-power light 
for 30 minutes. Particle size, 20 to 30 
millimicrons. 

Lit^erature: Burnet, Jour. Path, and 
Bact., 36, 1933, 307-318. 


6. Phagus dysenteriae H. {loc. ciL, 
14). From Latin dyscnferia, dysentery. 
Common names: Bacteriophage D13, 

)ecific dysentery phage. 

Host: Shigella dysenteriae Castellani 

nd Chalmers. . .. 

Insusceptible species: Escherichia cou 

astellani and Chalmers. 

Induced disease: Moderately large 
laques, 2 to 6 mm in diameter, wit 

istinct halo. . 

Serological relationships: ^ntisoru 
D this strain is not known to be effectiv 
gainst any other strain of bacterioph^e ; 
n particular, no cross pig 

criophages S13, C13, C36, D5, D20, CIS, 

)3,SS, C21,C16,orD6. ,, „,u„ 

Immunological relationships; i e 
,f Specific Dysentery Resistant Grou|n 

Other properties: Partic e j 

lOmillimicrons. Completely 
ly 1 ;25,000 methylene blue in 2 if™ 

10 cm from 100 candle-power light for 

uinutes. ^ -nj 

Literature: Burnet, Jour. Pat 

Bact., 35,1933, 307-318. 

7. Phagus medlus H. (ioc- 
From Latin medius, moderate, 

c... 

Chalmers; ShigeUa dysenlenae Cas 
and Chalmers. 
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Induced disease: Medium size plaques, 

1 to 3 mm in diameter, with distinct halo. 

Serological relationships: Cross reac¬ 
tions with bacteriophages C35, C26, C47, 
and C34, but not with S13, C13, C36, D5, 
D20, D13, D3, S8, C21, C16, or D6. 

Immunological relationships: Member 
of Resistance Group II. 

Other properties: Particle size, 25 to 
40 millimicrons. 

Literature: Burnet, Jour. Path, and 
Bact.,se, 1933,307-318. 

8. Phagus astrictus H. {loc. cit., 145). 
From Latin astrictus, limited, in refer¬ 
ence to inability to lyse Escherichia coli 
Castellan! and Chalmers. 

Common names: Bacteriophage D3; 
“smooth” dysentery pliage. 

Host: Shigella dysenteriae Castellani 
and Chalmers. 

Insusceptible species: Escherichia coli 
Castellani and Chalmers. 

Induced disease: Medium size plaques, 
1 to 3 mm in diameter, with distinct halo. 

Serological relationships: No cross- 
neutralization reactions with bacterio¬ 
phages S13, C13, C36, D5, D20, D13. C18, 
S8, C21,C16, orD6. 

Immunological relationships: Member 
of Smooth Dysentery Resistance Group. 

Other properties: Particle size, 25 to 40 
millimicrons. Nearly all inactivated by 
1:25,000 methylene blue in 2 mm layer 20 
cm from 100 candle-pow'cr light for 30 
minutes. 

Literature: Burnet, Jour. Path, and 
Bact.,5ff, 1933,307-318. 

9. Phagus major H. {loc. cit., 146). 
From Latin major, greater, in reference 
to particle size. 

Common name: Bacteriophage S8, L, 
S28, C33,or S41. 

Hosts: Escherichia coli Castellani and 
Shigella dysenteriae Castellani 
and Chalmers. 

Induced disease : Snmll plaques, 0.5 to 
1.5 mm in diameter, with soft edge or 
narrow halo. 


Serological relationships: No cross- 
neutralization reactions with bacterio¬ 
phages S13, C13, C36, D5, D20, D13, C18, 
D3,C21,C16,or D6. 

Immunological relationships: Member 
of Resistance Group I. 

Other properties: Particle size, 30 to 
45 millimicrons. 

literature: Burnet, Jour. Path, and 
Bact., 36, 1933, 307-318; Brit. Jour. Exp. 
Path., 14, 1933, 100-108; Gough and 
Burnet, M., 58,1934,301-311. 

10. Phagus coli H. {loc. cit., 146). 
From Latin colon, the colon. 

Common names: Bacteriophage C21 or 
C5; specific coli pliage. 

Host: Escherichia coli Castellani and 
Chalmers. 

Insusceptible species: Shigella dysen- 
Uriae Castellani and Clialmers. 

Induced disease: Small plaques, 0.5 
to 1.5 mm in diameter, with soft edge or 
very narrow halo. 

Serological relationships: No cross- 
neutralization with bacteriopliages S13, 

C13, C36, D5, D20, D13, CIS, D3, SS, 
C16, or DC. 

Immunological relationships: Member 
of Specific Escherichia coli Resistance 

Group. 

Other properties: Particle size, 30 to 45 
millimicrons. Completely inactivated 
by 1:25,000 methylene blue in 2 mm layer 
20 cm from 100 candle-power light for 30 
minutes. 

Literature: Burnet, Jour. Path, and 
Bact., 55,1933,307-318. 

11. Phagus artus H. {loc. cit., 148). 
From Latin artus, narrow, in reference to 
limited host range. 

Common names; Bacteriopliage D6, 
D33; smooth dysentery phage. 

Host: Shigella dysenteriae Castellani 
and Chalmers, smooth strains. 

Induced disease: Small plaques, 0.5 to 
1.5 mm in diameter, with soft edge or 
very narrow halo. 

Serological relationships: Not neu- 
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trali^cd by sera specific for bacterio¬ 
phages SI 3 ', C13, C36, D5. D20, D13, C18, 

D3,S8, C2!,orC16. 

Immunological relationships: Member 
of Smooth Dysentery Resistance Group. 
Other properties: Particle size, 30 to 

45 millimicrons. 

Literature: Burnet, Jour. Path, and 
Bact.. 36, 1933, 307-318. 

12. Phagus maximus H. {loc. cit., 147). 
From Latin maximus, greatest, in refer¬ 
ence to particle size. 

Common names: Bacteriophage C16, 
C4, C15, C20, C32, C46, D4, D12, D29, 

D53, H, J, K, and W. L. L. 

Hosts; Escherichia coli Castellam and 
Chalmers; Shigella dysenteriae Castellani 

and Chalmers. 

Induced disease: Small plaques, 0.1 to 
1.2 mm in diameter, with sharp edges. 

Serological relationships: No cross¬ 
neutralization reaction with bacterio¬ 
phages S13, C13, C36, D5, D20, D13, CIS, 
D3 S8, C21, D6, or staphylococcus bac¬ 
teriophage Au2. Agglutinated and \nac- 
livated by homologous, though not by 
other antisera. For agglutination an 
original titer of 2 X 10^ or higher is re¬ 
quired; the reaction is visible to the 
unaided eye after 24 hours at 50 C and 
succeeds even after inactivation by heat 
(70 to 85“ C for 30 minutes), formalde¬ 
hyde, or a photodynamic dye (pro¬ 
flavine). Xt U 

Immunological relationships: Member 

of Resistance Group IL 

Thermal inactivation: At or below 70 

to 85“ C for 30 minutes. 

Other properties: Particle size esti¬ 
mated by filtration as 50 to 75 imllimi- 
crons, by centrifuging as 79 to 90 
microns, from photographs as oO to W 
millimicrons. Rapidly inactivated by 
26 3 per cent urea solution. Little or no 
inactivation by 1:25,000 methylene blue 
in 2 mm layer 20 cm from 100 candle- 
power light for 30 minutes. Lysis not 
inhibited by 1.5 per cent or weaker solu¬ 
tions of sodium citrate. Thermolab.le 


specific soluble substance formed in lysed 
cultures blocks phage-antiphage reaction. 

Literature: Burnet, Brit. Jour. Exp. 
Path., H, 1933, 93-100, 100-108, 302-308; 
Jour. Path, and Bact., 36, 1933, 307-318; 
37, 1933,179-184; Burnet and Lush, totd., 
40, 1935, 45S-169; Burnet and McKie, 
ibid., 36, 1933, 299-306. 

13. Phagus tumoris H. {loc. cit., 150). 
From Latin tumor, a swelling, in refer¬ 
ence to association of this bacteriop age 

with bacterial tumors. 

Common name: Agrobaclerium lume- 

faciens bacteriophage. 

Host; Agrobaclerium tumefaciens C-onn, 

most strains. . , 

Insusceptible species: Some strains 
Agrobacterium tumefaciens, Bacterium 

stewarti E. F. Smith, Erwinia ol'-osefl'C 
Bergey et al., E. carolovora Holland, 
Pseudomonas (abaci Stapp, Xanlhomonas 
belicola Burkholder, X. campeslns Don 
son, X. citri Dowson, X. phaseoh Don o 
X. pruni Dowson and X. vcsicatona 

Dowson. TTnWpd 

Geographical distribution: Uniteu 

States, Russia. ^ • 

Induced disease: Plaques 2 ^ 

diameter in 1 to 6 hours, edges , 

spotted, moth-eaten in ^ , 

40 hours after seeding; en'-argement th^ 

stops and the edges of the 
smooth, double-ringed. is 

plants by Agrobactenum ■„g 

progressively inhibited y . 

amounts of bacteriophage in inocu 
Thermal inactivation: At 9 

minutes (another report says 70 C. t. 

not recorded). , to 

other P™P«rt^c®Xer M months; 
1:10^1; Storage at 5 Cforov I 

prompt, though not K^^^^/Z/Jars; 

per cent hydrogen 70 

^ per cent ethyl 'per 

per cent ethyl alcohol 

cent phenol for 1 hour, 1-3 • jo for 1 

Lrl hour; N/64 sodium hydmxide fori 

f Bakt., 

Literature: Israilsky, Cen . 
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II Abt., 67, 1926, 236-242 ; 71, 1927 , 302- 
311; 79, 1929, 354-370; Kent, Phytopath., 
27, 1937, 871-902; Muncie and Patel. 
Phytopath., 20, 1930, 289-305. 

14. Phagus solanaceanun H. (loc. cii., 
148). From name of host. 

Common name: Pseudomonas solanace- 
arum bacteriophage. 

Host: Pseudomonas solanacearum 

Smith. 

Geographical distribution: Formosa 
(Taiwan). 

Induced disease: Medium size plaques 
on plate cultures of Pseudomonas sola- 
naceoTum. 

Serological relationships: When in¬ 
jected into rabbits, this bacteriophage 
stimulates the production of a specific 
precipitating antibody not giving cross 
reactions with anti-bacterial antibodies. 
Antiphagic serum inactivated at 90® C 
in 10 minutes. 

Thermal inactivation: At 63® C in 10 
minutes (61® C in 30 minutes; 66® C in 
about 1 minute). 

Other properties: Optimum tempera¬ 
ture for increase, 34® C. 

Literature: Matsumoto and Okabe, 
Jour. Plant Prot., 22, 1935, 15-20; Jour. 
Soc. Trop. Agr., 7, 1935, 130-139; 1937, 

205-213. 

15. Phagus citrl H. {loc. cit., 149). 
From name of host. 

Common name: Xanthomonas citri 
bacteriophage. 

Host: Xanthoinofias citri Dowson, the 
citrus canker organism. 

Geographical distribution: Formosa 
(Taiwan). 

Induced disease: Lysis. This bac¬ 
teriophage has been isolated from soil 
under diseased trees, and once from 
infected leaves. It may play a role in 
the destruction of the citrus canker 
organism in the soil. 

Other properties: Optimum tempera¬ 
ture for increase, 30® C. 

Literature: Matsumoto and Okabe, 


Agriculture and HorticuUure, 12, 1937, 
2055-2059. 

16. Phagus pnini H. {loc. cit., 151). 
From name of host. 

C)ommon name: Xanthomonas pruni 
bacteriophage. 

Host: Xanthomonas pruni Dowson. 

Geographical distribution: United 
States (from soil beneath infected peach 
trees). 

Induced disease: Lysis in broth cul¬ 
tures; plaques on agar cultures, but 
characteristics of plaques not described. 

Other properties: Estimated diameter 
11 millimicrons in broth. Hesists dilu¬ 
tion to 1:10® or more. 

Literature: Anderson, Phytopath., 18, 
1928, 144; Thornberry, ibid., 26, 1935, 
938-946. 

17. Phagus deformans H. {loc. cit., 
151). From Latin deformare, to disfigure, 
in reference to malformation of infected 
host cells. 

Ommou name: Krwinia carotovora 
bacteriophage. 

Host: Erwinia carotovora Holland. 

Insusceptible species: Agrobacterium 
tumefaciens C>)nn, except in some early 
tests with possibly mixed bacteriophages; 
Erwinia amylovora Winslow et al., E. 
melonis Holland, Salmonella pullorum 
Bergery et al., S. gallinarum Bergey et 
al.. Shigella dysenteriae Castellani and 
Chalmers, Xanthomonas pruni Dowson. 

Geographical distribution: United 
States (Michigan). 

Induced disease: In Erwinia caroto- 
vora, cells reduced in motility, agglu¬ 
tinated, malformed, some elongated, 
others swollen, bulged at one end, bulged 
in middle, or enlarged and spherical. 

Other properties: Resists dilution 
to 1:10*, and storage in sterile medium 
at room temperature for 6i months. 

Literature: Coons and Kotila, Phyto¬ 
path., 15, 1925, 357-370; Mallmann and 
Hemstreet, Jour. Agr. Res., 28, 1924, 
599-602. 
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18. Phagus contumax spec. nof. From 
Latin contu7nax, refractory, in reference 
to ability of this bacteriophage to with¬ 
stand heating sufficient to destroy accom¬ 
panying host cells. 

Common name: Erwinia aroideae bac¬ 
teriophage. 

Host: Erwinia aroideae Holland. 
Insusceptible species: Agrobacterium 
tumefaciens Conn, fiacterium formosanum 
Okabc, Erwinia carolovora Holland, 
Pseudomonas andropogoni Stapp, P. 
solanaccarum Smith, P. tomato Burk¬ 
holder, Xanthomonas campestris Dow.son, 
X. citri Dowson, X. malvacearum Dow- 
son, X. nakatac Dowson, X. phaseoli 
Dowson, X. ricinicola Dowson. 

Geographical distribution: Formosa 
(Taiwan). 

Induced disease: Very small plaques, 
0.1 to 1.0 mm (mostly less than 0.5 mm) 
in diameter. 

Thermal inactivation: Resists heating 
at 60® C for 30 minutes without appreci¬ 
able loss of titer, but host organism is 
killed by this treatment. 

Other properties: Optimum tempera¬ 
ture for increase, about 25® C. This bac¬ 
teriophage may be prepared by heating 
centrifuged cultures at 60° C for 30 min¬ 
utes as efficiently as by filtration to re¬ 
move bacteria. 

Literature: Matsumoto, Trans. Nat. 
Hist. Soc. Formosa, S9, 1939, 317-338; 
50, 1940, 80-98; 31, 1941, 145-154; Mat- 
Bumoto and Sawada, ibid., S8, 193S, 
247-256. 

19. Phagus maidis H. {loc. cil., 152). 
From New Latin mais, corn (maize), 
host of Bacterium stewarti. 

Common name: Bacterium stewarti 
bacteriophage; Phyiomonas stewarti bac¬ 
teriophage; Aplanobacter stewarti bac¬ 
teriophage. 

Host: Bacterium stewarti E. F. Smith 
(=3 Pseudomonas stewarti E. F. Smith, 
Phytomonas stewarti Bergey et al. and 
Aplanobacter stewarti McCulloch). 
Geographical distribution: United 

States. 


Induced disease: In Bacterium ste¬ 
warti, variation or loss of yellow color, 
change of viscosity of growth, reduction 
or loss of virulence. Infection of corn 
plants by seed-borne Bacterium stewarti 
is much reduced by treating seeds with 
this bacteriophage before they are 
planted. 

Thermal inactivation: Above 65® C in 
30 minutes. 

Other properties: Infective in dilu¬ 
tions to 10"^. Soon lost from cultures 
maintained at pH 3.85 to 4.00, or on 
Ivanoff’s medium, which contains oxidiz¬ 
ing comix)unds. 

Literature: Tlioma.s, Phytopalh., B6, 
1935, 371-372; Science, S8, 1938, 56-57; 
Phytopath., 30, 1940, 602-611. 


20. Phagus enteritidis H. {loc. cii., 
153). From name of host. 

Common names : Salmonella enteritidis 
bacteriophage 1, 12, or 33; Group A bac¬ 
teriophages. 

Hosts ‘.Salmonella enteritidis Castellani 
and Chalmers, S. gallinarum Bergey ct 
al.. Shigella dysenteriae Castellani and 

Chalmers. 

Induced disease: Plaques of medium 
size, usually with surrounding translu¬ 
cent halo. 

Immunological relationships; Member 
of Resistance Group A; host individuals 
that have acquired resistance to this 
bacteriophage arc resistant to lines 
and 33, but susceptible to Salmonella 
enteritidis bacteriophages 8, 20, and IL 
as well as to other strains of Resistance 

Groups B, C, and D. . j 

Literature: Burnet, Jour. Path, an 

Bact., 32, 1929, 15-42. 


. Phagus commutabilis H. (loc. city 
. From Latin commutabilis, van- 
, in reference to differences ^thin 
stance Group B, typified by this bac- 

names: Salmonella enteritidis 
eriophage 8,18, 28, 31, 34, 38, 
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and Chalmers, Shigella dysenteriae Cas- 
tcllani and Chalmers, Shigella galUnanim 
Weldin, Salmonella lyphosa White. 

Induced disease: Small plaques with 
sharp edges, or moderately large plaques 
with characteristic halo. 

Immunological relationships: Member 
of Resistance Group B; host individuals 
that have acquired resistance to this bac¬ 
teriophage are resistant to lines 18, 28, 
31, 34, and 38, but susceptible to Sal¬ 
monella enteritidis bacteriophages 1, 20, 
and 11, as well as to other strains of Re¬ 
sistance Groups A, C, and D. 

Literature: Burnet, Jour. Path, and 
Bact., S2, 1929, 15-42. 

22. Phagus tertius H. (loc. ciL, 154). 
From Latin terlim, third, in reference to 
the third Resistance Group of Salmonella 
enteritidis bacteriophages. Group C, typi¬ 
fied by this bacteriophage. 

Common names: Salmonella enteritidis 
bacteriophage 20, 25, 32, 35; Group C 
bacteriophages. 

Hosts: Salmonella enteritidis Castellani 
and Chalmers, S. gallinarum Bcrgcy et 
al., Shigella dysenteriae Castellani and 
Chalmers. 

Induced disease: Plaques of small size, 
with sharp edges. 

Immunological relationships: Member 
of Resistance Group C. Host individuals 
that have acquired resistance to this bac¬ 
teriophage are resistant to lines 25, 35, 
and 32, but susceptible to Salmonella 
enteritidis bacteriophages of Resistance 
Groups A, B, and D. 

Literature: Burnet, Jour.- Path, and 
Bact.,5«, 1929,15-42. 

23. Phagus dublus H. {loc. ciL, 155). 
From Latin dubius, doubtful, in reference 
to uncertainty of distinction between 
Resistance Groups C and D. 

Common names: Salmonella enteritidis 
bacteriophage 11, 13; Group D bacterio¬ 
phages. 

Hosts: Salmonella enteritidis Castellani 
and Chalmers, Shigella dysenteriae Cas¬ 


tellani and Chalmers, Shigella gallinarum 
Weldin. 

Induced disease: Very large plaques, 
up to 8 mm in diameter on 1.2 per cent 
agar. 

Immunological relationships: Member 
of Resistance Group D. Host individ¬ 
uals that have acquired resistance to this 
bacteriophage are resistant to line 13, but 
susceptible to Salmonella enteritidis bac¬ 
teriophages of Resistance Groups A, B, 
and C. 

Literature: Burnet, Jour. Path, and 
Bact., S2, 1929, 15-42. 

24. Phagus indicens spec. nov. From 
Latin indicere, to disclose or indicate, in ' 
reference to diagnostic use of this bac¬ 
teriophage in identifying V forms of the 
typhoid bacillus. 

Common name: Phage Q151. 

Host: Salmonella typhosa White (= 
Bacillus typhosus Zopf). 

Insusceptible species: W forms of the 
typhoid organism and various Salmonella 
species. 

Geographical distribution: Canada. 

Induced disease: In Salmonella lyphosa, 
small plaque formation (lysis) and com¬ 
plete inhibition of growth in cultures of 
the V form (bearing Vi antigen; resisting 
0 agglutination) and no lysis or restrain¬ 
ing effect on growth of the W form (lack¬ 
ing Vi antigen; agglutinated by 0 anti¬ 
serum). In the presence of the virus, 
mixed cultures are quickly transformed 
since only W variants can increase. Pure 
V cultures can be identified by the test 
for their complete inhibition; this in¬ 
hibition is regularly followed by second¬ 
ary growth representing the pure W form 
of the host, a readily formed variant. 

Filterabilitv: Passes Seitz EK filter. 

Other properties: Filtrates active in 

dilutions to 10“* or 10““. 

Literature: Craigie, Jour. Bact., 51, 
1936, 56 (Abst.); Craigie and Brandon, 
Jour. Path, and Bact., 4S, 1936, 233-248, 
^ 9 - 260 . 
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25. PhagustestabillsH. {loc.cit.,155). 
From Latin testabilis, able to bear wit¬ 
ness, in reference to evidence that this 
bacteriophage has given, by virtue of its 
easy destruction when heated in spores, 
against the hypothesis of frequent spon¬ 
taneous origin of bacteriophage from the 
bacterial host. 

Common name: Hacillus viegalhernm 
bacteriophage. 

Host: Bacillus megatherium De Bary. 
Geographical distribution: United 

States. 

Induced disease: Plaques 0.5 mm or less 
in diameter, with surrounding translu¬ 
cent zone. 

Thermal inactivation: In vitTo, at 75 
C in 10 minutes. Spores from infected 
cultures, after being heated for 10 min¬ 
utes at 80" C, regularly give rise to sub¬ 
cultures that do not show the presence of 
this bacteriophage spontaneously during 
subsequent growth but that are sus¬ 
ceptible to lysis if the bacteriophage is 
again introduced. 

Literature: Adant, Compt. rend. Soc. 
Biol., Paris, 99, 1928,1246; Cowles, Jour. 
Bad. JO, 1930,15-23. 


26 indomltus H. {loc. cit., 

156). From Latin indomitus, unre¬ 
strained, in reference to the ability of this 
bacteriophage to increase after heat treat¬ 
ment of infected spores. 

Common name: Bacillus mycotdes bac¬ 
teriophage. _ 

Host: Bacillus mycoides Flugge, some 


strains. . 

Insusceptible species: Bacillus cereus 

Frankland and Frankland, B. subtilis 
Cohn emend. Prazmoweki B. mega¬ 
therium De Bary. B. anthrams Cobn 
emend. Koch. Some strains of B. my- 

“‘^graphical distribution. United 


Induced disease; Large plaques, with 
some secondary growth of host or^msjm 
Thermal inactivation: In vitro, at 76 C 

in 10 minutes. Spores from infected cul¬ 
tures, heated at 90" C for 10 minutes give 


no bacteriophage on grinding, but lytic 

cultures when grown. 

Literature: Lewis and Worley, Jour. 

Bact., 32, 1936, 195-198. 


27. Phagus subvertens H. {loc. cit., 
156). From Latin subvertere, to subvert, 
in reference to suspected action of this 
bacteriophage in causing running-out of 
alfalfa fields through destruction of 
nodule organisms. 

Common name: Rhizobium legumtno- 

sarum bacteriophage. 

Host: Rhizobium leguminosarum 

Frank. It has been shown that this 
bacteriophage is unable to increase m 
clover roots without the nodule-forming 
organism, R. leguminosarum, and that 
the bacteriophage plays no obviously 
essential role in nodule formation. 

Induced disease: Very small plaques, 
with edges not sharply defined. 

Thermal inactivation: At 60 C m 3 


inutcs. . X I K,/ 

Other properties: Not inactivated by 

•ying for 2 months. . 

Literature: Gerretsen et ah, Cen • • 

akt.,II Abt.,60, 1923, 311 - 316 : Gnjns, 

id , 71, 1927 , 248-251; Hitchner. Jour, 
act., 19, 1930, 191-201; Vandecaveye 
Katznelson, Jour. Bact., 31, 


>hagus ineptus H. {loc. cit., 157). 
^tin ineptus, unsuitable, m re 
.inability of 

itself to lysia of stnun RW 
mon name: Streptococcus bocteno- 

R 

: Streptococcus cremoris Orla-Jen 

™epUble species: Slreplococcue 
18 , strain RW. 

rraphical distribution: New Zea 

iced disease: Plaques 0.25 to 0.« 
diameter. 

logical relationships :Ant^«^P^ 

, 1 . fltreotococcus bacteriophage 
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and its strain RWl are ineffective in neu¬ 
tralizing this bacteriophage. 

Immunological relationships: Cultures 
of host-strain R, after exposure to this 
bacteriophage, furnish subcultures only 
partly resistant to this bacteriophage and 
completely susceptible to streptococcus 
bacteriophage RW and its substrain RWl. 

Literature: Whitehead and Hunter, 
Jour. Path, and Bact., U, 1937, 337-347. 

29. Phagus streptococci H. {loc. cil., 
158). From generic name of host. 

Common name: Streptococcus bacterio¬ 
phage RW. 

Host: Streptococcus cremoris Orla-Jen- 
sen, strain RW. 

Geographical distribution: New Zea¬ 
land. 

Induced disease: Plaques 0.25 to 0.6 
mm in diameter. 

Thermal inactivation: At 70° to 75° C, 
time not recorded, probably 30 minutes 
(pH 6.0). 

Literature: Whitehead and Hunter, 
Jour. Path, and Bact., 44, 1937, 337-347. 

Strains: One variant has been described 
and distinguished from the type variety, 
typicus H. {loc. cit., 158); 

29a. Phagus streptococci var. virilis H. 
{loc. cit., 158). From Latin virilis, vig¬ 
orous. Common name: Strain RWl of 
streptococcus bacteriophage RW. Dif¬ 
fering from the type variety in being able 
to increase at the expense of strain RWl 
of Streptococcus cremoris (Whitehead and 
Hunter, Jour. Path, and Bact., 44, 1937, 
337-347). 

30. Phagus maculans spec. nov. From 
Latin maculare, to speckle, in reference 
to tiny plaques produced by this bac¬ 
teriophage. 

Common name: Streptococcus bac¬ 
teriophage A. 

Hosts: Streptococcus 646, 761,775. 

Geographical distribution: United 
States (Massachusetts). 

Induced disease: Plaques exceedingly 


minute, scarcely visible to the unaided 
eye. 

Serological relationships: Specific anti¬ 
sera neutralize but there is no cross reac¬ 
tion with respect to streptocooeu.s bac¬ 
teriophage B, C, or D. 

Thermal inactivation: 60° C in 1 

hour. 

Other properties: Withstands storage 
at about 5° C for at least 145 days with 
but little loss of virulence. 

Literature: Evans, Science, 80, 1934, 
4(M1; U.S.P.H.S., Public Health Re¬ 
ports, 4^1 1934, 1386-1401. 

31. Phagus lacerans spec. nov. From 
Latin lacerare, to tear, in reference to 
ragged edges of plaques produced by this 
bacteriophage. 

Common name: Streptococcus bac- 
teriopliage B. 

Hosts: Streptococcus 563,639: Strepto¬ 
coccus mucosus Howard and Perkins. 

Insusceptible species: Streptococcus 
erysipelatos Roscnbach. 

Geographical distribution: United 
States (Wisconsin). 

Induced disease: Medium size plaques, 
the largest about 3 mm in diameter, edges 
ragged, centers clean. 

Serological relationships: Specific neu¬ 
tralization, but no cross reactions with 
streptococcus bacteriophages A, C, 
and D. 

Thermal inactivation: At 60° C in 1 
hour. 

Other properties: Withstands storage 
at about 5° C for at least 261 days. 

Literature: Clark and Clark, Jour. 
Bact., 11, 1926, 89; Proc. Soc. Exp. Biol, 
and Med., 24, 1927, 635-639; Ck)lvin, 
Jour. Inf. Dis., 61, 1932, 17-29; Evans, 
U.S.P.H.S., Public Health Reports, 4^, 
1934, 1386-1401; Jour. Bact., S9, 1940, 
597-604; Shwartzman, Jour. Exp. Med., 
48, 1927, 497-509. 

32. Phagus tolerans spec. nov. From 
Latin tolerans, tolerating, in reference to 
the unusual ability of this streptococcus 
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bacteriophage to remain viable under 

certain adverse conditions. 

Common name: Streptococcus bacterio¬ 
phage C. 

Hosts: Streptococcus 546,594,756, 806. 
Geographical distribution: United 
States (Ohio, Massachusetts, Connecti¬ 
cut). 

Induced disease; Small plaques, the 
largest about 1.0 mm in diameter. 

Serological relationships: Specific neu¬ 
tralization, but no cross reactions with 
streptococcus bacteriophages A, 13, 

Thermal inactivation: At 63® to 65 C 
in 1 hour. 

Other properties: \Mthstands storage 
in 1:200 phenol at about 5® C for at least 
261 days; equally resistant to storage in 
1 :10,000 sodium ethyl mercurithiosalicy- 
late ’(merthiolate), or to storage without 

preservatives. ^ ^ . tt i.i 

Literature; Evans, U. S. Pub. Health 

Ser., Public Health Reports, P, 1934, 
1386-1401. 

33. Phagus michiganensis spec. nov. 
From name of state, Michigan, where this 
bacteriophage was first isolated. 

Common name: Streptococcus bacterio¬ 
phage D. 

Host: Streptococcus 693. 

Geographical distribution: bnited 

States (Michigan). 

Induced disease : Small plaques, about 
0.75 mm in diameter, edges clear-cut, 
centers clean. 

Serological relationships; Specific neu¬ 
tralization, but no cross neutralization 
with streptococcus bacteriophages A, B. 

*"Ttermal inactivation; At 60° to 63° C 
in 1 hour. 

Other properties: Withstands storage 

at about 5®C for at least 261 days. 

Literature : Evans, U. S. 

Ser., Public Health Reports, 49, 1934, 

1386-1401. 

34 Phagus fragilis, H. (loc. cit., 159). 
From L&iin fragilis, fragile, in reference 


to easy destruction of this bacteriophage 
by light and by concentrated urea solu¬ 
tions. 

Common names: Staphylococcus bac- 
teriophage Au2, Au3, Au4, or D, perhaps 

bacteriophage H of Gratia. 

Hosts: Staphylococcus aureus Rosen- 
bach and Staphylococcus albus Rosenbach. 

Geographical distribution: United 
States. 

Induced disease: Small plaques, 0.2 to 
1.0 mm in diameter, with sharp edges. 

Serological relationships: Cross-neu¬ 
tralization reactions with staphylococcus 
bacteriophages Aul, Au3, Au4, an . 

but not with staphylococcus bacterio¬ 
phages Au21, Aul2, A, B, C, or bacterio¬ 
phage C16. . KTO r 

Thermal inactivation: At alwut 57 

in 30 minutes. ^ 

Other properties: Particle diameter 5U 

to 75 millimicrons. Readily inacti\a e< 
photodynamically. Completely mac i 

vated by 27 per cent urea ^ 

hour at 37® C. Lysis "ol inhibited 
by 1.5 per cent sodium citrate m ng 

"^Utemture: Burnet and Lush Jour 
Path.andBact.,40,1935,45^99; urm*^ 

and McKie, Austral. Jour- E.xp. Biol, d 
Med.Sci.,5. 1929, 21-31; Fisk. Jour. ■ 

Dis., 71, 1942, 153-160. 

35. Phagus intermedius H- 
160). From Latin I this 

mediate, in reference to PO- 
bacteriophage >>f in 

bacteriophages that muitipj 

broth cultures of host organ 

those that do not. , 

Common name; Staphylococcus ha 

teriophage Au21. Rosen- 

Host: Staphylococcus aureus 

^“Geographical distribution; Auatmba- 
Muced disease; Small plaqueMd 
0 3 mm in diameter, with sharp ed^ ^ 
Serological relationships; . 

,™1:ratio^n reaction but no emss-ne^.-'; 

zation reaction with staphy 
teriophages Au2 or Aul2. 
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Other properties: Not readily inacti¬ 
vated photodynamically; completely in¬ 
activated by 27 per cent urea solution in 
1 hour at 37° C; lysis inhibited by 1 per 
cent sodium citrate in agar medium but 
not by 0.5 per cent or lower concentra¬ 
tions. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40,1935,455-4G9. 

36. Phagus caducus H. {loc. cii., 160). 
From Latin cadxtcxiSy perishable, in refer¬ 
ence to the easy destruction of this bac¬ 
teriophage by concentrated urea solu¬ 
tions. 

Common name: Staphylococcus bac¬ 
teriophage Aul2. 

Host: Staphylococcus aureus Roscn- 
bach. 

Geographical distribution; Australia. 

Induced disease: Small plaques, 0.2 to 
0.5 mm in diameter, with sharp edges. 

Serological relationships: Cross-neu¬ 
tralization reactions with staphylococcus 
bacteriophages Aull and Aul3, but not 
wth staphylococcus bacteriophages Au2, 
Au21, A, and C. Antiserum to staphylo¬ 
coccus bacteriophage B gives no neutrali¬ 
zation of Aul2, tliough the reciprocal re¬ 
action occurs to 1 ;200 dilution. 

Other properties: Not readily inacti¬ 
vated photodynamically; completely in¬ 
activated by 27 per cent urea solution in 
1 hour at 37° C; lysis inhibited by as little 
as 0.25 per cent sodium citrate in agar. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40, 1935,455-469. 

37. Phagus alpha H. {loc. cit., 161). 
From Greek equivalent of common name. 

Common name: Staphylococcus bac¬ 
teriophage A. 

Host : Staphylococcus albus Rosenbach. 

Geographical distribution: Australia. 

Induced disease: Plaques of medium 
size, 1.5 to 2.5 mm in diameter, with hazy 
periphery. 

Serological relationships: Specific neu¬ 
tralization reaction, but no cross-neu¬ 
tralization reactions with staphylococcus 
bacteriophages Au2, B, or C. 


Immunological relationships: Colonies 
of Staphylococcus albus appearing after 
lysis with this bacteriophage arc resistant 
to stapliylococcus bacteriophages B, C, 
and D. 

Thermal inactivation: At 68° to 70° C 
in 30 minutes. 

Other properties: Not readily inacti¬ 
vated photodynamically; not completely 
inactivated by 27 per cent urea solution 
in 1 hour at 37° C; lysis not inhibited even 
by 1.5 per cent sodium citrate in agar. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40, 1935,455-469; Burnet 
and McKie, Austral. Jour. Exp. Biol, and 
Med. Sci., 6, 1929, 21-31. 

38. Phagus beta H. (loc. cit., 162). 
From Greek equivalent of common name. 

Common name: Staphylococcus bac¬ 
teriophage B. 

Host: Slapkxjlococcus albus Rosenbach. 

Geographical distribution: Australia. 

Induced disease: Plaques of medium 
size, 0.7 to 1.5 mm in diameter, with 
sharp edges. 

Serological relationships: Specific neu¬ 
tralization reaction, but no cross-neu¬ 
tralization reaction with respect to 
staphylococcus bacteriophages Au2, Aul2, 
A, or C, except that antiserum made with 
Aul2 neutralizes this bacteriophage in 
low dilutions (See Phagus caducus). 

Immunological relationships: Colonies 
appearing after lysis of Staphylococcus al- 
hxis with this bacteriophage furnish organ¬ 
isms susceptible to staphylococcus bac- 

terioph.ages A and D. 

Thermal inactivation: At 63° to 65° C 

in 10 minutes. 

Other properties; Readily inactivated 
photodynamically; completely inacti¬ 
vated by 27 per cent urea solution in 1 
hour at 37° C; lysis not inhibited even by 
1.5 per cent sodium citrate in agar 
medium. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40, 1935,455-469; Burnet 
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and McKie, Austral. Jour. Exp. Biol, and 
Med. Sci., 6,1929, 21-31. 

39. Phagus durabilis H. {loc. at., 162). 
From Latin durabilis, lasting, in refer¬ 
ence to the stability of this bacteriophage 
in concentrated urea solution and other 
unfavorable media. 

Common name: Staphylococcus bac¬ 
teriophage C. 

Host: Staphylococcus albus Rosenbach. 

Geographical distribution: Australia. 

Induced disease: Plaques 2.0 to 3.0 mm 
in diameter. Vitreous change in pe¬ 
ripheral zone. 

Serological relationships: Cross-neu¬ 
tralization reaction with staphylococcus 
bacteriophage C', and less strongly with 
B, but not with Au2 or A. 

Immunological relationships: Colonies 
of Staphylococcus albus appearing after 
lysis with this bacteriophage furnish or¬ 
ganisms resistant to it but susceptible to 
staphylococcus bacteriophages A, B, 
and D. 

Thermal inactivation: At 61® to 63® C 
in 30 minutes. 

Other properties: Not readily inacti¬ 
vated photodynamically; not completely 
inactivated by 27 per cent urea solution in 
1 hour at 37® C; lysis not inhibited even 
by 1.5 per cent sodium citrate in agar 
medium. 

Literature: Burnet and Lush, Jour. 
Path, and Bact., 40, 1935,455-469; Burnet 
and McKie, Austral. Jour. Exp. Biol, and 
Med. Sci., 6, 1929,21-31; Rakieten et al., 
Jour. Bact., S2, 1936,505-518. 

40. Phagus liber H. {loc. cit., 163). 
From Latin liber, independent, in refer¬ 
ence to demonstrated independence of 
this virus, its bacterial host, and its dip¬ 
terous superhost, in respect to origin. 

Common name: Staphylococcus muscae 

bacteriophage. 

Host: Staphylococcus muscae Glaser. 

Geographical distribution: United 

States. 

Induced disease: Lysis in broth cul¬ 


tures; plaques in agar cultures, but char¬ 
acteristics of plaques not recorded. 

Thermal inactivation : At a little above 
50° C in 5 minutes. 

Other properties; A characteristic 
nucleoprotcin has been isolated from 
lysed staphylococci. Sedimentation con¬ 
stant, 650 X 10“” cm dyne“^ see.”*, 
corresponding to a molecular weight of 
alxuit 300,000,000. Denatured at acidi¬ 
ties beyond pH 5.0. Digested by chymo- 
trypsin, not by trypsin. Apparent den¬ 
sity, about 1.20. Diffusion coefficient, 
varying w’ith dilution. 

literature: Glaser, Amer. Jour. Hy¬ 
giene, 27, 1938, 311-315; Northrop, Jour. 
Gen. Physiol., 21, 1938, 335-366; Shope, 
Jour. Exp. Med., 4^, 1927, 1037-1044; 
Wyckoff, Jour. Gen. Physiol., 21, 1938, 
367-373. 

41. Phagus cholerae H. {loc. cit., 164). 

From former name of host. 

Common name: Vibrio comma bacterio¬ 
phage. 

Host: Vibrio comma Winslow et al. 
(formerly V. cholerae Neisser); Indian 
strains usually carry tljis bacteriopha^, 
but Chinese and Japanese strains lack it, 
are susceptible, and upon inoculation be 
come lysogenic. 

Geographical distribution: India. 

Induced disease: In both R and b 
forms of Vibrio comma, no plaques on 
ordinary agar plates, but vibrios become 
b'sogenic. Egg-white in 1:25 dilution 
enhances activity enough to allow ^sibie 
lysis, occasional plaques, or stippling a 

the site of inoculation. . 

Immunological relationships: Vibrto 
comma organisms that have been infected 
with this bacteriophage and are resistant 
to its further action are still susceptible 
to cholera bacteriophages A, C, and D. 

Literature: White, Jour. Path, an 
Bact., 44,1937,27fr-278. 

42 Phagus celer H. {loc. eit., 164). 

From Latin celer, quick, in reference to 
relatively quick action of this bacten 

phage. 
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Common name: Cholera bacterio¬ 
phage A. 

Host: Vibrio comma Winslow et al., 
smooth types, except non-agglutinable 
vibrios. 

Geographical distribution: India. 

Induced disease: Lysis in 2 hours, fol¬ 
lowed by abundant secondary growth. 
Only smooth elements of the culture are 
attacked. 

Serological relationships: Antigenically 
distinct from cholera bacteriophage C. 

Immunological relationships: Second¬ 
ary growth resistant to this virus, but 
susceptible to cholera bacteriophages C 
and D. 

Other properties: Selectively inacti¬ 
vated by specific polysaccharide of 
smooth strains, not by a lipoid emulsion 
that is effective against cholera bacterio¬ 
phage C. Active in dilution of 1:10® or 
1:10*". Multiplication rate, n X 10® 
in 2 hours. 

Literature: Asheshov et al., Indian 
Jour. Med. Res., 20, 1933, 1127-1157; 
White, Jour. Path, and Bact., 45, 1936, 
591-693. 

43. Phagus effrenus H. {loc. cit., 165). 
From Latin effrenus, unbridled, in refer¬ 
ence to the ability of this bacteriophage 
to attack all tested strains of the cholera 
organism. 

Common name: Cholera bacterio¬ 
phage C. 

Host: Vibrio comma Winslow et al., all 
strains. 

Geographical distribution: India. 

Induced disease: Sometimes death 
without lysis. When lysis occurs, it is 
rarely complete and is followed by sec¬ 
ondary resistant growth. 

Serological relationships: Antigenically 
distinct from cholera bacteriophage A. 

Immunological relationships: Second¬ 
ary growth resistant to this bacterio- 
ph^e, but susceptible to cholera bac¬ 
teriophages A and D. 

Other properties: Selectively inacti¬ 
vated by lipoid from smooth strain of 
host, but not by specific polysaccharide. 


Active in dilution of 1:10® or 1:10*". 
Multiplication rate, n X 10* in 2 hours. 

Literature: Asheshov et al., Indian 
Jour. Med. Res., 20, 1933, 1127-1157; 
White, Jour. Path, and Bact., 4S, 1936, 
591-593. 

44. Phagus lentus H. (loc. cit., 166). 
From Latin lentus, slow, in reference to 
the relatively slow and incomplete lysis 
induced by this bacteriophage. 

Common name: Cliolera bacterio¬ 
phage D. 

Host: Vibrio comma Winslow et al. 

Geographical distribution: India. 

Induced disease: Incomplete lysis in 
about 5 hours, followed, in rough cultures, 
by slow development of resistant sec¬ 
ondary growth. 

Immunological relationships: Second¬ 
ary growth resistant to this bacterio¬ 
phage, but susceptible to cholera bac¬ 
teriophages A and C. 

Other properties: Not inactivated by 
specific polysaccharide effective against 
cliolera bacteriophage A, nor by lipoid 
effective against cholera bacteriophage 
C. Multiplication rate, n X 10* in 2 
hours. 

Literature: Asheshov et al., Indian 
Jour. Med. Res., 20, 1933, 1127-1157; 
White, Jour. Path, and Bact., 45, 1936, 
591-593. 

45. Phagus diphtheriae H. (loc. cit., 
167). From name of host. 

Common name: Corynebaclerium diph¬ 
theriae bacteriophage. 

Host: Corynebaclerium diphtherias 
Lehmann and Neunuinn, many strains, 
especially 122 of 127 Australian type II 
gravis isolates; type I gravis isolates are 
lysogenic (carriers); all intermediate iso¬ 
lates are susceptible. 

Insusceptible species: Corynebaclerium 
diphtherias, all tested milis isolates, ex¬ 
cept 2 lysogenic. A strain of C. diph¬ 
theriae from Swan Hill, 200 miles north 
of Melbourne, was found to be resistant 
to this bacteriophage and to the small- 
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plaque diphtheria bacteriophage, P. fu- 
tilis. 

Geographical distribution: Australia. 

Induced disease: In Corynebacteriiim 
diphlhenae on agar, plaques 1.0 to 1.5 mm 
in diameter, with shelving edge. A few 
resistant bacterial colonies often appear 
in the central clear area. 

Literature: Keogh et al., Jour. Path, 
and Bact., 46, 1938, 565-570; Smith and 
Jordan, Jour. Bact., 21, 1931,75-88; Stone 
and Hobby, Jour. Bact., 27, 1934,403-417. 

46. Phagus futills H. {loc. cit., 168). 
From Latin futilis, vain, in reference to 
regular appearance of resistant organisms 


in plaques on agar cultures lysed by this 
bacteriophage. 

Common name: Small-plaque diph¬ 
theria bacteriophage. 

Host: CorynebacteTium diphiheriae 
Lehmann and Neumann, gravis type I 
isolates and all but 5 gravis type II iso¬ 
lates. 

Insusceptible species: All tested inter¬ 
mediate and mitis strains of C. diph- 
theriae. 

Geographical distribution: Australia. 

Induced disease: In Corynebacterium 
diphtherias on agar, pin-point plaques or 
confluent plaques, with confluent growth 
of secondary, resistant organisms. 

Literature: Keogh et al., Jour. Path, 
and Bact., 4^, 1938, 565-570. 
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Suborder II. Phytophagineae subordo tiovus. 

Viruses infecting higher plants; vectors typically liomopterous or hemipterous 
insects (Icafhoppers, aphids, white flics, true bugs) or thysanopterous insects 
(thrips). From Greek phagein, to eat, and phylon, a plant. 

Key to the families of suborder Phytophagineae. 

1. Inducing yellows-type diseases; vectors typically cicadellid or fulgorid leaf- 

hoppers. 

Family I. Chlorogenaceae, p. 1145. 

2. Inducing mosaic diseases; vectors typically aphids. 

Family II. Marmoraceae, p.ll63. 

3. Inducing ringspot diseases; vectors unknown. 

Family III. Annulaceae, p. 1212. 

4. Inducing leaf-curl diseases; vectors typically white flies. 

Family IV. Rugaccae, p. 1218. 

6. Inducing leaf-savoying diseases; vectors, true bugs. 

Family V. Savoiaceae, p. 1221. 

6. Inducing spotted wilt; vectors, thrips. 

Family VI. Letkaceae, p. 1223. 

FAMILY I. CHLOROGENACEAE HOLMES EMEND. 

(Handb. Phytopath. Viruses, 1939, 1.) 

Viruses of the Yellows-Disease Group; pathogenic in flowering plants, causing dis¬ 
eases in which effects on chlorophyll are usually diffuse or stripe-like, no typical spot¬ 
ting or spotty mottling being involved. Vectors, so far as known, Icafhoppers (C7CA- 

DELLIDAE and FULGORIDAE). 

Key to the genera of family Chlorogenaceae. 

I. True Yellows Group. Viruses inducing diseases usually characterized by 
stimulation of normally dormant and adventitious buds to produce numer¬ 
ous slender shoots with long intcrnodes and by chlorosis without spotting; 
invaded parts abnormally erect in habit. Vectors cicadellid Icafhoppers 
so far as known. 

Genus I. Chlorogenus, p. 1146. 

II. Peach X-Disease Group. Viruses inducing diseases characterized by reset¬ 
ting of foliage and sometimes death of host. 

Genus II. Carpophthora, p. 1151. 

III. Phloem-Necrosis Group. Viruses inducing diseases characterized by 

progressive degeneration of the host plant or by wilting and sudden death; 
sometimes by root discoloration. Vectors cicadellid Icafhoppers so far as 
known. 

Genus III. A/orsns, p. 1153. 

IV. Yellow-Dwarf Group. Viruses inducing diseases characterized by chlorotic 

effects somewhat resembling true mottling but often more diffuse. Vectors 
cicadellid (agallian) leafhoppers. 

Genus IV. Aureogenus, p. 1154. 

V. Fiji-Disease. Group. Viruses, inducing diseases characterized by marked 
vascular proliferation. The vector of one is known to be a leafhopper of 
the subfamily Delphacinae, family FULGORIDAE. 

Genus V. GallOt p. 1157. 
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VI. Stripe-Disease Group. Viruses inducing diseases characterized by chlorotic 
striping; hosts grasses. Vectors, cicadellid and fulgorid leafhoppers. 
Genus VI. FTactilinea, p. 1159. 


Genus I. Chlorogenus Holmes. 

{Loc. cii., 1.) 

Viruses of the Typical Yellows Group, inducing diseases usually characterized by 
stimulation of normally dormant and adventitious buds to produce numerous slender 
shoots with long internodes, by chlorosis without spotting, or by both growth of nu¬ 
merous slender shoots and chlorosis. Invaded parts abnormally erect in habit. Af¬ 
fected flowers often virescent. Hosts, dicotyledonous plants. Vectors, so far as 
known, exclusively cicadellid leafhoppers. Generic name from Greek ckloros, light 
green or yellow, and suffix, gen, signifying producing, from Greek genos, descent. 

The type species is Chlorogenus callisiephi Holmes. 

Key to the species of genus Chlorogenus. 

I. Natural hosts many, in various families of plants. 


II. Known natural hosts relatively few 

A. Natural hosts rosaceous. 

B. Natural hosts solanaceous. 

C. Natural host sandal. 

D. Natural host cranberry. 

E. Natural host locust. 

F. Natural host alfalfa. 

G. Natural host hop. 


1. Chlorogenus callistephl Holmes. 
(Handb. Phytopath. Viruses, 1939, 2.) 
From New Latin Callisiepkus, generic 
name of the China aster. 

Common names: Aster-yellows virus, 
lettuce w'hite-heart virus, Erigeron-ye\- 
lows virus. 

Hosts: Callisiephus chinensis Nees, the 
China aster, is thft host that has been 
studied most. 170 or more species in 38 
different families of dicotyledonous 
plants have been shown susceptible. 
Lettuce, endive, carrot, buckwheat, pars¬ 
nip, and New Zealand spinach are among 
the hosts of economic importance. 


1. Chlorogenus callisiephi. 

2. Chlorogenus australiensis. 


3. Chlorogenus persicae. 

4. Chlorogenus solani. 

5. Chlorogenus sanlali. 

6. Chlorogenus vaccinii. 

7. Chlorogenus robiniae. 

8 . Chlorogenus medicaginis. 

9. Chlorogenus humuli. 

Insusceptible species; All tested spe¬ 
cies of the family Leguminosae and some 
species of all other tested families have 
appeared naturally immune. 

Geographical distribution: U. S., Can¬ 
ada, Bermuda, Japan, and Hungary. In 
California the celery-yellows strain of 
this virus replaces the t3rpe. 

Induced disease: In most host species 
the characteristics of disease are clean^ 
of veins, followed by chlorosis of new y 
formed tissues, stimulation of norm^Iy 
dormant buds to growth, xnalformation, 
virescence of flowers, sterility, and up¬ 
right growth habit. Stimulation of nor 
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mally dormaDt buds to adventitious 
growth and abnormally erect habit are 
the most constant features. Chlorosis is 
absent or inconspicuous in some hosts. 

Transmission: By leafhopper, Macro- 
Bielei divhna (Ulil.) (=: Cicadula sex- 
notaia (Fall.), C. divisa (Uhl.)) (CICA- 
DELLIDAE). Incubation period, 
about2 weeks. Somestrainsof this virus 
are transmitted also by the leafhoppers 
Tkamnotellix tnonianus ^’an D. and T. 
geminatus Van D. {CICADELLIDAE). 
By grafting. By dodder. Not through 
seeds of diseased plants. Not by me¬ 
chanical inoculation of plants, but virus 
has been passed from insect to insect 
mechanically in Macrosteles divisus; juice 
from viruliferous insects contains little 
virus just after inoculation, but the effec¬ 
tive concentration increases at least 
100 -foId between the 2nd and 12th day 
of a 17-day incubation period; it seems 
greatest before the insects begin to infect 
the aster plants on which they are main¬ 
tained. 

Thermal inactivation: In juice from 
viruliferous insects, at about 40® C in 10 
minutes; at 25® C in 2 to 3 hours. In 
plant tissues, at 38® to 42® C, in 2 to 3 
weeks; cured plants fully susceptible to 
reinfection. In insect vector, M. divisus, 
at 31® C in 12 days. 

Other properties: Virus in juices de¬ 
rived from insects is more stable at 0® C 
than at 25® C or when frozen; at 0® C it 
withstands storage 24, not 48, hours in 0.85 
P«r cent NaCl solution at pH 7.0 but most 
of the virus is inactivated in this time; it 
withstands dilution 1:1000 in neutral 
0.86 per cent NaCl solution; for brief 
(less than 6-minute) exposures, it re¬ 
mains viable over the range from pH 5 
to 9. 

Literature: Black, Phytopath., SJ, 
1941, 120-135; 35, 1943, 2 (Abst.); John¬ 
son, ibid., SI, 1941, 649-656; Kunkel, Am. 
Jour. Bot., 15, 1926, 646-705; Contrib. 
Boyce Thompson Inst., 5, 1931, 85-123; 
4t 1932, 406^14; Am. Jour. Bot., S4, 
1937, 316-827; £8, 1941, 761-769; Linn, 
Cornell Agr. Exp. Sta. (Ithaca), Bull. 


742, 1940; Ogilvie, Bermuda Dept. Agr., 
Agr. Bull. 6,1927,7-8; Severin, Hilgardia, 
5, 1929, 543-583; Phytopath., 20, 1930, 
920-921; Hilgardia, 7, 1932, 163-179; 8, 
1934, 305-325, 339-361; Phytopath., 30, 
1940, 1049-1051; Hilgardia, 14, 1942, 411- 
440; Severin and Haasis, Hilgardia, 8, 
1934, 329-335. 

Strains: Two variant strains, one found 
in nature, the other derived experiment¬ 
ally, have been given varietal names to 
distinguish them from the type variety, 
vulgaris H. (loc. cil., 2): 

la. Chlorogenus callistephi var. califor- 
nicus H. {loc. cil., 3). From California, 
name of state in which this strain was first 
recognized. Common name: Celery-yel¬ 
lows strain of aster-yellows virus. Dif¬ 
fering from the type variety by ability to 
infect celery {Apium graveolens L.— 
UMBELLIFERAE) and zinnia {Zinnia 
elegans Jacep —COM POSIT AE) (Kun- 
kcl, Contrib. Boyce Thompson Inst., 4, 
1932, 405-^14; Severin, Hilgardia, 5,1929, 
543-583; 5,1934,305-325). 

lb. Chlorogenus callistephi var. al- 
tenuatus H. {loc. cit., 4). From Latin 
atlenualus, weakened. Common name: 
Heat-attenuated strain of aster-yellows 
virus. Differing from the type variety 
by inducing less severe chlorosis and less 
uprightness of new growth in affected as¬ 
ter plants (Kunkel, Am. Jour. Bot., £4, 
1937, 316-327). 

2. Chlorogenus australlensls com6. 
nov. From Australia, name of continent. 
Synonym: Galla auslraliensis H. {loc. 
cit., 107). 

Common names: Tomato big-bud virus; 
virescence virus; perhaps also stowboor 
virus, tobacco stolbur or montar virus, 
eggplant little-leaf virus. 

Hosts: SOLAN ACE AE—Datura stra¬ 
monium L., Jimson weed; Lycopersicon 
esculenlum Mill., tomato; Nicoliana taba- 
cum L., tobacco; Solanum melongena L., 
eggplant; S. nigrum L., black nightshade. 
Recently a long list of species in this and 
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other families have been reported as sus¬ 
ceptible to virescence virus, presumed to 
be an isolate of tomato big-bud virus. 
(Hill, Jour. Counc. Sci. Ind. Res., t6, 
1943, 85-92). 

Geographical distribution: Australia, 
especially New South Wales; viruses 
causing somewhat similar diseases have 
been reported also from the Crimea and 
the northwestern United States. 

Induced disease: In tomato, flowers 
erect, viresccnt, calyx bladder-like, pol¬ 
len sterile; floral proliferation. Growth 
of axillary shoots stimulated. New 
leaves progressively smaller. Youngest 
leaves yellowish-green in color, especially 
at their margins; usually purplish under¬ 
neath. Hypertrophy of inner phloem. 
No intracellular inclusions. Fruit red¬ 
dens imperfectly and becomes tough and 
woody. Roots appear normal. In So- 
lamm nigrum, axillary shoots numerous, 
leaves small, internal phloem adventi¬ 
tious. In tobacco, plants dwarfed; leaves 
recurved, distorted, twisted, thickened, 
brittle, yellowish green, hanging down 
close to stem; small leaves on shoots from 
axillary buds; proliferation and vires¬ 
cence of flowering parts; chlorotic clear¬ 
ing of veins as early effect of disease; 
upper surface of foliage appears glazed; 
some necrosis of veins, in old leaves, near 
tips and margins or on midrib; viable 
seed rarely produced; calyx bladder-Hke, 
floral axis may form short branches bear¬ 
ing small leaves; disease sometimes called 


bunchy top. 

Transmission: By leafhopper, Tham- 
notettix argentata Evans {CICADELLI- 
DAE). Experimentally by budding and 
other methods of grafting. Not by inocu¬ 
lation of expressed juice. 

Literature : Cobb, Agr. Gaz. New South 
Wales, IS, 1902, 41(M14; Dana, Phyto¬ 
path., SO, 1940, 866-869; Hill, Jour. 
tral. Inst. Agr. Sci., 6, 1940, 

Jour. Council Sci. Ind. Res., 10, 1937, 
309-312; 16, 1943, 8^92; Michailowa. 
Phytopath., 1935, 539-558; Rischkov 
et al., Ztschr. Pflanzenkr-, 19^3, 499- 


498; Samuel et al., Phytopath., BS, 1933, 
641-653. 

3. Chlorogenus persicae H. (loc. cit., 
5). From New Latin Persica, former 

generic name of peach. 

Common names: Peach-yellows virus, 

little-peach virus. 

Hosts: ROSACEAE—Prunus persica 
(L.) Batsch, peach; P. salicina Lindl., 
Japanese plum; and all other tested spe¬ 
cies of the genus Prunus. 

Geographical distribution: Eastern 
United States and Canada, south to 
North Carolina. First occurred near 
Philadelphia in this country. Origin 
perhaps oriental; introduction in oriental 
plums suspected. Not in Europe. 

Induced disease: In peach, clearing of 
veins, production of thin erect shoots 
bearing small chlorotic leaves, followed 
by death in a year or two. In early stages 
of the disease there is premature ripemng 
of fruit. In Japanese plum, systemic in¬ 
fection but no obvious symptoms. 

Transmission: By the leafhopper, .Wa- 

cropsis trimaculata (Fitch) (C/C. 
LIDAE). By budding; virus spreads 
down stem from point of bud insertion 
faster than up. Not by inoculation of 
expressed juice, despite numerous at¬ 
tempts. Not by pollen of diseased trees^ 
Immunological relationships: Pres®"' 
of peach-yellows virus immunizes re 
against little-peach virus, formerly co - 

sidered an independent entity. 

Thermal inactivation: In pea^h “f 
at 34° to 35° C in 4 to 5 days; at 44 O m 
30 minutes; at 47° C in 10 mnutes; at» 

C in3 to4 minutes;at 56 '®®Lticlc3 
Other properties: Trees and ^“0 sticks 
„,ay be treated safely with heat sufficient 
to m the virus. Cured trees are sus- 
ceptible to reinfection. 

Literature : Blake, N. J. Agr B-xp^ta., 

Bull. 226, 1910; Ph/.o- 

Thompson Inst., 5, . jojg 

path., £5.1936, 201-219, 

491-497; Manns, Trans. Penins 

Soc., #5, 1933,17-19; Manns and Man . 
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i 6 id., 1934, 72-76; McCubbin, Penn¬ 
sylvania Dept. Agr., Gen. Bull. S82, 1924. 

Strains: Numerous strains of peach- 
yellows virus probably exist in nature. 
One of these has been giv'en a varietal 
name, distinguishing it from the type 
variety, vulgaris H. (/oc. cit., 5): 

3a. Chlorogenus persicae var. rnicroper- 
sicaH. {loc,cit,,Q). From Greek/afcros, 
small, and New Latin Persica, former 
generic name of peach. Common name: 
Little-peach strain of pcach- 3 'ellows virus. 
Differing from the type variety by tend¬ 
ency to cause a mild type of disease, 
characterized by distortion of j'oung 
leaves, production of many short branches 
on main trunk, later yellowing of mature 
leaves, twiggy growth, shoots sliglitly 
less erect than in typical peach yellows. 
(Kunkel, Phytopath., 26, 1936, 201-219; 
£6, 1936, 809-830 ; 28, 1938, 491-^97; 
Manns, Trans. Peninsula Hort. Soc., 23, 
1933, 17-19; 24, 1934,72-76.) 

4. Chlorogenus solani H. {loc. cit., 7). 
From New Latin Solanum, generic desig¬ 
nation of potato. Synonym: Chloroph- 
thora solani McKinney, Jour. Washington 
Acad.Sci., 34, 1944,151. 

Common names: Potato witches’-brooin 

• 

Virus, potato wilding or semi-wilding 
virus. 

Hosts: SOLANACEAE—Solanum tu¬ 
berosum L., potato. Experimentally, also 
SOLANACEAE—Lycopersicon esculen- 
tum Mill., tomato; Nicotiana tabacum L., 
tobacco; N. glulinosa L.; N. rusUca L. 
APOCYNACEAE— Vinca rosea L., 
periwinkle. CHENOPODIACEAE— 
Beta vulgaris L., sugar beet. 

Geographical distribution: United 
States (Montana, Washington), Russia. 

Induced disease: In potato, increas- 
jngly pronounced ffavescence in new 
eaflets on one or more stems, production 
of new dwarfed leaflets with marginal 
navescence on stems with unusually long 
internodes and enlarged nodes, growth of 
*<pindling axillary and basal branches. 


profuse bkoming and fruiting, lack of 
dormancy in tuber buds, formation of 
many small underground tubers as well 
as some aerial tubers; plants grown from 
diseased tubers form thread-like stems 
and small simple leaves; infected plants 
survive several seasons, with progressive 
degeneration. In tomato, experimen¬ 
tally, extreme leaf dwarfing, marginal 
flavescence of leaves and abnormally 
numerous axillary branches; stems be¬ 
come hollow and die; plants do not survive 
long after infection. In tobacco, experi¬ 
mentally, slender axillary branches with 
dwarfed leaves, flowers on spindling pedi¬ 
cels, numerous, small; later leaves flaves- 
cent or marginally flavescent. 

Transmission: By tuber-core grafts 
with prepatent period of 29 to 114 days. 
By stem grafts. By dodder, Cuscuta 
campestris Yuncker {CONVOLVULA- 
CEAE). Not by inoculation of ex¬ 
pressed juice. Not by Macrosteles divi- 
sus (Uhl.) {CICADELLIDAE). No 
insect vector is known. Not through 
seeds of diseased tomatoes. 

Thermal inactivation: at 42® C in 13 
days, in tissues of Vinca rosea \ at 36® C 
in 6 days in small |)otato tubers. 

Literature: Hungerford and Dana, 
Phj'topath., 14, 1924, 372-383; Kunkel, in 
Virus Diseases, Cornell Univ. Press, 
Ithaca, N. Y., 1943, 63-82; Proc. Am. 
Philosoph. Soc., 86, 1943, 470-475; Mc- 
Larty, Scient. Agr.,ff, 1926,395; Whipple, 
Montana Agr. Exp. Sta., Bull. 130, 1919; 
Young, Science, 66, 1927 , 304-306; Am. 
Jour. Bot., i6, 1929 , 277-279; Young and 
Morris, Jour. Agr. Res., 36, 1928,835-854. 

5. Chlorogenus santall H. {loc. cit.,8). 
From New Latin Santalum, generic desig¬ 
nation of sandal. 

Common names: Sandal spike-disease 
virus, sandal spike-rosette virus. 

Hosts: SANTALACEAE—Santalum 
album L., sandal. Spike-like diseases 
have been found also in RIIAMNEAE — 
Zizyphus oenoplia Mill., SAPINDA- 
CEAE—Dodonaea viscosa Jacq.. VER- 
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BEKACEAE—Stachytarpheta indica 
Vahl, and APOCYNACEAE—Vinca ro¬ 
sea L. 

Geographical distribution: South 
India. 

Induced disease ; In sandal, abnormally 
profuse blooming at first, suppression of 
blooming later; reduction in leaf size and 
internode length; death ensues in the 
third year or- earlier. In all but the 
youngest leaves of affected branches, 
vacuolate intracellular bodies with defi¬ 
nite peripheral membrane, 4 to 9 microns 
in maximum diameter, are found. 

Transmission; By twig grafts, inserted 
buds, and patch grafts, with success de¬ 
creasing in the order named. Prepatent 
period 3 to 4 months. Best results, in 
May and June; poorest in October. Per¬ 
haps through seeds, but not through 
pollen of diseased plants. Insect trans¬ 
mission claimed, but species not identi¬ 
fied. Reported transmission by-Moonia 
albimaculata (CICADELLIDAE) re¬ 
quires further confirmation. Not by 
inoculation of expressed juice. Not b} 


root grafts. 

Literature: Coleman, Mysore Dept. 
Agr., Mycol. Ser., Bull. 3, 1917; Indian 
Forester, 49, 1923. 6-9; Dover, ibid., 60, 
1934, 505-506; Narasimhan, Phytopath., 
23 1933,191-202; Rangaswami and Sreen- 
vasaya, Current Science, 4, 1935, 17-19, 
Sreenvasaya, Nature, 1^6, 1930, 957; 
Venkata Rao and Gopala Iyengar, Mysore 
Sandal Spike Invest. Comm., Bull. 4, 
1934, 1-12; Indian Forester, 60, 1934, 

689-701. 


6 . Chlorogenus vaccinii H. {loc. cit., 
10). FromNewLatin Facci'ni’um, generic 

designation of cranberry. 

Common names: Cranberry false-blos- 
som virus, Wisconsin false-blossom virus. 

Hosts: ERICACEAE-Vaccinium ma- 
crocarpon Ait., cranberry; V 
L. Experimentally, also APOCYNA- 
CEAE^Vinca rosea L., periwinkle. 

COMPOSITAE—Calendula ojfficinalis 

L., calendula. SOLAN ACE AE-Lyco- 
persicon esculentum Mill., tomato; iVico- 


tiana glutinosa L.; N. tabacum L., to¬ 
bacco; Solanum tuberosum L., potato. 

Gecgraphical distribution; Eastern 
United States and Canada. It is be¬ 
lieved that the virus does not spread in 
bogs with alkaline (pH 7.4 to 8.8) flooding 
water in Wisconsin though it spreads 
rapidly in the more productive bogs with 
nearly neutral (pH 6.0 to 7.0) flooding 


water. 

Induced disease: In cranberry, flowers 
erect, instead of pendent as in healthy 
plants; calyx lobes enlarged, petals short, 
streaked with red and green, stamens and 
pistils abnormal. Flowers may be re¬ 
placed by leaves or short branches. Dor¬ 
mancy of axillary buds is broken, pro¬ 
ducing numerous erect shoots, Arming a 
witches’ broom. Diseased fruits small, 


irregular in shape, erect. « , • , 

Transmission: By leafhopper, Ophiola 

striatula (Fall.) {^Euscelis 
(Fall.)) (CICADELLIDAE). Not by 
inoculation of expressed juice. By dod- 
der, Cuscuta campeslris Yuncker {tUi - 

VOLVULACEAE). <. n • 2 

Thermal inactivation: At 40 0 m 


eks in tissues of periwinkle. 

Literature: Dobroseky, Contrib. Boyce 
ompson Inst.,S, 1931 , 51>-83; Fracte ' 

ytopath., 10, 1920, 173-175; KunM, 
ience, 9S, 1942, 252; Torreya, IW, 

-95; Shear, U.S. Dept. Agr. Bull. 

[6; Stevens, Phytopath., 15, 

• 34, 1944, 140-142; U. S. Dept. Agr-, 
rcular 147, 1931 ; Stevens and Sawye , 

in 1026 223-227; Wilcox and 

ytopath., 15,192b, .t 1933. 


583-590. 


hlorogenus robinlae H. (loc. cjL. 
?rom New Latin Robtma. gener¬ 
ation of locuat. Synonym: 
robiniae McKinney. Jour. 

Acad. Sci.,SJ, 1944,151. . . 

^on names: 

virus; locust broommg-diseas* 

3. LEGVMimSAE-Hobif^i<^ 

\acacia L., black locust. 

^phical distribufon: United 
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States (southern Pennsylvania to north¬ 
eastern Georgia, west to southwestern 
Ohio and Tennessee). 

Induced disease: In black locust, clear¬ 
ing of veins, followed by progressive re¬ 
duction in size of newly formed leaves; 
growth of spindly shoots to form witches’ 
brooms. Roots more brittle, shorter, and 
darker than normal, ^nth excessive 
branching of rootlets, giving the appear¬ 
ance of root brooms. 

Transmission: By grafting and bud¬ 
ding. Not by inoculation of expressed 
juice. No insect vector is known. 

Literature: Grant et al., Jour. Forestry, 
40 , 1942, 253-260; Hartley and Haasis, 
Phytopath., 19, 1929, 163-166; Jackson 
and Hartley, Phytopath., 25,1933. 83-90; 
Waters, Plant World, f, 1898, 83-S4. 

8. Chlorogenus medicaginls H. {loc. 
cit., 14). From New Latin Medicago, 
generic designation of alfalfa (lucerne). 

Common names: Alfalfa witches’- 
broom virus, lucerne mtches’-broom 
virus, spindle-shoot virus, mistletoe 
virus, Kurrajong virus, bunchy-top virus. 

Hosts: LEOUMINOSAE—Medicago 
sativa L., alfalfa (lucerne). 

Geographical distribution: Australia, 
especially New South Wales; perhaps 
United States. 

Induced disease: In alfalfa, plant 
dwarfed; leaves small, rounded, chlorotic 
at edge, puckered, distorted; stems short, 
spindly, numerous. Flowers usually not 
formed, but sometimes pale and small. 


sometimes replaced by leafy structures. 
Seed rarely produced. 

Transmission: By grafting. Not by 
inoculation of expressed juice. No insect 
vector is known. 

Literature: Edwards, Jour. Australian 
Inst. Agr. Sci., 1, 1935, 31-32; New South 
Wales Dept. Agr., Science Bull. 52, 1936; 
Agr. Gaz. New South Wales, 47, 1936, 
424-426; Richards, U. S. Dept. Agr., 
Plant Disease Reporter, Supplement. 71, 
1929, 309-310. 

9. Chlorogenus humuli H. (loc. cit., 
15). From New Latin Humulus, generic 
designation of the hop. 

Common names: Hop-nettlehead virus, 
silly-hill disease virus, virus of infectious- 
sterility of the hop. 

Hosts: MORACEAE—Humulus lupu- 
lus L., European hop. 

Geographical distribution: England, 
Czechoslovakia, Germany, Poland. 

Induced disease: In hop, stems numer¬ 
ous, spindly, short, plants weak. Leaves 
curled upward at margin; cone produc¬ 
tion greatly reduced. 

Transmission: By grafting. Not by in¬ 
oculation of expressed juice. Not 
through soil. No insect vector is known. 

Literature: Blattn^ and Vukolov, Rec. 
Inst. Rech. Agron. R6p. Tch6cosI., 1S7, 
1935, 3-18; Goodwin and Salmon, Jour. 
Inst. Brew., 55, 1936, 209-210; Salmon, 
ibid., 52,1935, 235-237 ; 55,1936,184-186; 
Salmon and Ware, Jour. South-Eastern 
Agr. College, Wye, Kent. 57, 1936, 21-25. 


Genus II. Carpophthora McKinney emend. 

(Jour. Washington Acad. Sci., 54, 1944, 152.) 

Peach X-Disease Group; viruses inducing diseases characterized in general by 
^setting of foliage and sometimes death of host. Generic name from Greek, meaning 
fruit and ruin or destruction. 

The type species is Carpophthora lacerans McKinney. 

Key to the species of genus Carpophthora. 

I. Inducing chlorosis, reddening, and tattering of foliage, with rosette formation 
late in the disease in some hosts. 


i. Carpophthora lacerans. 
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II. Inducing rosette formation characteristically, but not tattering of affected 
foliage. 

2. Carpophihora roseltae. 


1. Carpophthora lacerans (Holmes) 
McKinney. {Marmor lacerans Holmes, 
Handb. Phytopath. Viruses, 1939, 82; 
McKinney, Jour. Washington Acad. Sci., 
S4, 1944, 152.) From Latin laccrare, to 
lacerate, in reference to characteristic 
foliage injury. 

Common name; Peach X-disease virus; 
virus of peach yellow-red virosis. 

Hosts: ROSACEAE-Prunus persica 
(L.) Batsch, peach; P. virginiana L., 
chokecherry. 

Geographical distribution: United 
States, Canada. 

Induced disease: In peach, foliage nor¬ 
mal each spring but yellowish areas ap¬ 
pear in June at base of leaves; affected 
trees appear lighter green than neighbor¬ 
ing healthy trees; discolored spots occur 
at random on the leaf blade, becoming red 
and yellow with remainder of leaf becom¬ 
ing chlorotic; the discolored areas usually 
fall out, leaving the foliage tattered; sub¬ 
sequently, affected leaves drop except at 
tips of branches; young trees may die, 
older ones survive indefinitely. Fruit 
either shrivels and falls or ripens prema¬ 
turely, with bitter flavor and no viable 
seed In chokecherry, conspicuous pre¬ 
mature reddening of foliage, development 
of fruits with dead embryos in the pits; 
in the second and third seasons after 
infection, duller colors of foliage, rosettes 
of small leaves on terminals; death fol¬ 
lows the advanced stage of disease. 

Transmission: By budding. Not by 
inoculation of expressed juice. No insect 
vector has been reported. 

Literature: Berkeley, Div. of Botany 
and Plant Path., Science ^rvice. Do¬ 
minion Dept. Agr., Ottawa, Ca^da. Pub¬ 
lication 678y 1941; Boyd, U. S. Dept. Agr., 
pJan^is. Rep., 1938, 334; Hilde¬ 
brand, Contrib. Boyce Thompson I^t 
il 1941, 48M96; Hildebrand and Pal- 
miter, U. S- Dept. Agr., Plant Dis. Rep., 


22, 1938, 394-396; Hildebrand et ah, 
Handbook of virus diseases of stone fruits 
in North America, Michigan Agr. Exp. 
Sta., Misc. Publ., 1942, 21-24; Stoddard, 
Connecticut Agr. Exp. Sta., Circ. 122, 
1938, 54-60; Proc. Connecticut Pomol. 
Soc., 48, 1938, 29-32. 

2. Carpophthora rosettae (Holmes) 
comb. nov. {Chlorogenus roseltae H., 
nomen nudum, Phytopath. 29, 1939, 434, 
JVanws rosettae H., Handb. Phytopath. 
Viruses, 1939, 125.) From rosette, com¬ 
mon name of induced disease, from 
French, diminutive of rose, a rose. 
Common name: Peach-rosette virus. 
Hosts: ROSACEAE—Prunus perstca 
(L.) Batsch, peach; P. communis Fritsch, 
almond; P. domestica L., plum. Experi¬ 
mentally, ^hc^APOCYNACEAE-- 
Vinca rosea L., periwinkle, 
CEAE—P. americanaUarsh., wild plum; 
P. armeniaca L., apricot; P. ccrosui , 
cherry; P. pumila L., sand cherry. 

SOLAN ACE AE—Lycopersicon escuien- 

tum Mill., tomato; Nicotiana Jj 

Geographical distribution: ni 

States (Georgia, Alabama, South a 
lina, Tennessee, West Virginia, Missouri, 

Oklahoma). ^ 

Induced disease: In Peach, 8«dd«" 

wilting and death, or growth 
mally short stems beanng dwarfed le 
with clearing and thickening o 
followed by death in a few months. 

Transmission : By budding. y 
der, Cuscuta campestris Yuncker. 
by inoculation of expressed 
through soil. No insect vec'or is knowm 
Immunological relationships, 
tection is afforded by previous .ruction 
of peach trees with Chlorogenus pers.cae, 

peach-yellows virus. ^ 

Thermal inactivation, 
minutes (in tissues of ^ 4, 

trees are abnormally susceptible to 
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injury and heat treatments cure peach- 
rosette disease only in recently infected 
trees. 

Literature: Kunkel, Phytopath., 26, 
1936, 201-219,809-830; in Virus Diseases, 


Cornell Univ. Press, Ithaca, N. Y., 1943, 
G3-82; McClintock, Jour. Agr. Res., 24, 
1923, 307-316; Phytopath., 21 , 1931, 373- 
386; Smith, U. S. Dept. Agr., Div. Veg. 
Path., Bull. 1, 1891. 


Genus III. Morsus gen. nov. 

Alfalfa-Dwarf Group; viruses inducing diseases characterized in general by sud¬ 
den wilting and death or by gradual decline of vigor with foliage of darker green 
color than normal. Vectors, like those of the typical yellows subgroup, cicadellid 
leafhoppers so far as known. Generic name from Latin morsus, sting or vexation. 

The type species is Morsus suffodiens spec. nov. 


Key to the species of genus Morsus. 

I. Affecting alfalfa and grape. 


II. Affecting tobacco. 

III. Affecting elm. 


1. Morsus suffodiens. 

2. Morsus reprimens. 


3. Morsus ulmi. 


1. Morsus suffodiens spec. nov. From 
Latin suffodere, to sap or undermine, in 
reference to process leading to sudden 
collapse of long infected, but sometimes 
not obviously injured, grape vines as well 
as to progressive decline in size of in¬ 
fected alfalfa plants, the foliage of which 
niay remain green to the last. 

Common names: Alfalfa-dwarf virus, 
lucerhe dwarf-disease virus, virus of 
Pierce’s disease of the grape, virus of 
Anaheim disease. 

Hosts: LEG UMINOSAE—Medicago 
saliva L., alfalfa (lucerne). VITA- 
CEAE—Vitis vinifera L., grape. 

Geographical distribution: United 
States. 

Induced disease: In alfalfa, leaves 
small but green, plant progressively 
smaller, wood of roots discolored yellow, 
transpiration decreased; wilting may oc¬ 
cur; starch of root diminished; plant 
eventually succumbs, thinning stand 
prematurely. In grape, dark green color 
of leaves retained along veins, not be¬ 
tween them, or no abnormality in appear¬ 
ance of foliage; wilting and sudden death 
of plant in summer of second year. In 
iate summer of first year, there may be 


dying leaf margins and dying back of cane 
tips. 

Transmission; By budding and root 
grafting. By leafhoppers, Draeculacc- 
phala minerra Ball, Carneocephalafulgida 
Nott., C. triguttata Nott., Helochara delta 
Oman, NeokoUa circellata (Baker), N. 
gothica (Sign.), N. confluens (Uhler), 
N. heiroglyphica (Say), and Ciierna oc- 
cidentalis Oman and Beamer {CICA¬ 
DELLID AE)\ these vectors all belong 
to the subfamily Amblycephalinae; all 
tested species of this, but none of any 
other, subfamily have proved capable 
of transmitting tliis virus. Not by in¬ 
oculation of expressed j uice. Not through 
soil. 

Literature: Frazier, Phytopath., S4, 
1944, 1000-1001; Hewitt, Phytopath., 29, 
1939, 10; 31, 1941, 862; Blue Anchor, 18, 
1941,16-21,36; Hewitt et al., Phytopath., 
S2, 1942, 8; Houston et al., Phytopath., 
32, 1942,10; Milbrath, Calif. Dept. Agr., 
20th Ann. Rept., Bull. 28, 1940, 671; 
Pierce, U. S. Dept, of Agr., Div. of Veg. 
Path., Bull. 2 , 1892, 1-222; Weimer, 
Phytopath., 21, 1931, 71-75;- 27, 1937, 
697-702; Jour. Agr. Res., 47, 1933, 351- 
368; 63, 1936, 333-347; 65, 1937, 87-104. 
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2. Morsus reprimens spec. nov. From 
Latin reprimere, to restrain, check, or 
curb, in reference to the inhibiting effect, 
on growth of the host plant, tobacco. 

Common name: Tobacco yellow-dwarf 
virus. 

Hosts: SOLA A ACEAE—NicoHarift 
tabacurn L., tobacco; A’, ruslica L., In¬ 
dian tobacco; X. trigonophijlla Dun. 
Experimentally, also AC glauca Grab, 
(symptomless) and A', glutinosa L. 

Geographical distribution: Australia 
(Victoria, Xew South Wales, South Aus¬ 
tralia, and southern Queensland). 

Induced disease; In tobacco, intcrnodcs 
of stem shortened, leaves small; down¬ 
ward bending of tips and rolling under of 
margins of young apical leaves; young 
leaves darker than normal at first, 
bunched, later appear ribbed; leaves be** 
come yellow-gr(?en, pale first between 
veins; old leaves rugose, thickened, later 
savoyed. Hoot system small, roots 
slightly brown externally and in the re¬ 
gion of the phloem. Affected plants may 
survive the winter and show diseased new 
growth in the spring. 

Transmission: Hy grafting and bud¬ 
ding. By nymphs and adults of the leaf- 


hopper, Thamnolcltix argentala (Evans) 
{CICADELLIDAE). 

Literature: Dickson, Australia, Coun¬ 
cil Sci. Indust. Res., Pamphlet 14, 1929, 
22; Hill, Australia, Journal of the (A)un- 
cil Sci. Indust. Res., 10 , 1937, 228-230; 
/L 1941, 181-186; 15, 1942, 13-25. 

3. Morsus ulmi .9pcc. nof. From Latin 
ulmus,chn. 

Common name: I'dm phloem-necrosis 
virus. 

Host; UHTl C'.'l CEAE — VImus ameri- 
carta L., American elm. 

Geographical distribution: United 
States (Ohio, Indiana, Illinois, Missouri, 
Tennessee, Kentucky, and West Vir¬ 
ginia). 

Induced disease: In elm, gradual de¬ 
cline over a period of 12 to 18 months 
before death or sudden wilt, drying 
of leaves, and death within 3 to 4 weeks. 
All ages susceptible, from seedling to 
large tree. 

Transmission: By patch grafting. Not 
by inoculation of expressed juice. 

Literature: Leach and Valleau, U. S. 
Dept. Agr., Plant Dis. Kept., SS, 1939, 
300-301; Swingle, Phytopath., 50, 1940, 
23. 


Genus IV. Aureogenus Black. 

(Proc. Am. Philos. Soc., 88 , 1944, 141.) 

Viruses of the Aellow-Dwarf Group, inducing diseases characterized by yellowing 
without typical mosaic-type mottling. Vectors agallian leafhoppers {CICADELLI¬ 
DAE). Generic name from Latin aureus, yellow or golden, and group. • 

The type species is Aureogenus vaslans (Holmes) Black. 

Key to the species of genus Aureogenus. 

I. Mechanically transmissible in some hosts by rubbing methods of inoculation. 
Not producing enlarged veins or club-leaf in clover. 

1. Aureogenus vastans. 

II. Not known to be transmissible by rubbing methods of inoculation. 

A. Producing enlarged veins in clover. 

2. Aureogenus magnivena. 

B. Producing club-leaf in clover. 


3. Aureogenus clavifoUum. 
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1. Aureogenus vastans (Holmes) 
Black. (Mannor vastans Holmes, 
Handb. Phytopath. Viruses, 1939, 94; 
Black, Proc. Am. Philos. Soc., 88 , 1944, 
141.) From Latin vastare, to devastate. 

Common name: Potato yellow-dwarf 
virus. 

Hosts: SOLAN ACE AE—Solamun tu- 
berosum L., potato. COMPOSITAE— 
Chrysanthemum leucanthemum L., var. 
pinnalijidum Lecoq and Lamotte, daisy; 
Rudbcckia hiria L., black-eyed Susan. 
CRUCIFERAE—Barbarca vulgaris R. 
Br., common winter cress. LEGU- 
MINOS^E—Trifolium pratense L., red 
clover. Experimentally to numerous 
species In these and other families. 

Geographical distribution: Northeast¬ 
ern United States and southeastern 
Canada. 

Induced disease: In potato, yellowing 
of leaves, necrosis of stem, dwarfing of 
plant; the stem, if split, shows rusty 
specks especially at nodes and apex; the 
apex dies early; tubers are few, small, 
close to the stem, often cracked, with 
flesh discolored by scattered brown 
specks; seed tubers tend to remain un¬ 
rotted in the ground, becoming hard and 
glassy; some of them do not germinate in 
warm soil, others produce shoots that die 
before reaching the surface, giving poor 
stands. In Chrysanthemum leucanthe¬ 
mum \ar. pinnati/idum, ai first, clearing 
of veins; later, young leaves distorted, 
thick, stiff, small; petioles short, leaves 
erect, forming a rosette at the crown of 
the plant; with passing of the early 
phases of the disease, foliage tends to 
appear nearly normal, but remains darker 
green and more erect than that of healthy 
plants; virus is recoverable both during 
and after the period of obvious disease 
and infected plants may constitute an 
important reservoir. In Trifolium in- 
carnalum L., crimson clover, experiment¬ 
ally, clearing of veins and yellowing of 
younger leaves (in summer the yellowing 
is usually replaced in part by an inter- 


veinal reddish-brown color on both leaf 
surfaces extending from the margins in¬ 
wards); dwarfing of entire plant; death 
or a ehronic disease characterized by 
milder manifestations without, however, 
vein enlargement or cupping of leaves. 
In Nicotiana rustica L., experimentally, 
yellowish primary lesions followed by 
clearing of veins and systemic chlorosis; 
the primary lesions facilitate quantitative 
estimation of concentrations of this virus. 

Transmission: By inoculation of ex¬ 
pressed juice, in the presence of finely 
powdered carborundum, to Nicotiana 
rustica ; mechanical transmission very 
difficult in other hosts tested. By graft¬ 
ing. By clover leafhopper, Aceratagallia 
sanguinoknta (Provancher); e.xperiment- 
ally, by other closely related leafhoppers, 
Aceratagallia lyrata (Baker), A. obscura 
Oman, and A. curvata Oman; not (for the 
type variety of the virus) by Agallia con- 
stricta Van Duzec; very rarely by Agallia 
quadripunctata (Provancher) and Agal- 
liopsis novella (Say) (CICADELLI- 
DAE). The vector Aceratagallia san- 
guinolenta remains infective as an over¬ 
wintering adult; incubation period not 
less than 6 days, commonly much longer; 
virus does not pass to progeny of virulif- 
erous leafhoppers through eggs or sperm; 
this leafhopper varies genetically in 
ability to transmit. 

Immunological relationships: No pro¬ 
tection is afforded against necrotic effects 
of a testing strain of this virus (var. 
lethale Black) by prior inoculation of 
Nicotiana rustica with isolates of A/armor 
medicaginis, M. cueumeris, hi. upsilon, 
Annulus tabaci, A. orae, or A. dubius, 
but the varieties vulgare Black and agal- 
liae Black protect; these specifically pro¬ 
tecting strains give no similar protection 
against formation of necrotic lesions by 
subsequently applied isolates of Marmor 
tabaci, M. lethale, Annulus tabaci, or A. 
orae. 

Thermal inactivation: At 60 to 62® C in 
10 minutes. 
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Filterability: Passes Berkefeld W 
filter. 

Other properties: Virus viable at 23 
to 27° C less than 13 hours after extraction 
of juice from diseased plant; not infective 
after drying in leaf tissues. 

Literature: Barrus and Chupp, Phyto¬ 
path., 12, 1922, 123-132; Black, Am. Po¬ 
tato Jour., II, 1934, 148-152; Cornell 
Vniv. Agr. Exp. Sta., Mem. 209, 1937, 
1-23; Pliytopath., 28, 1938, 863-874; Am. 
Jour. Bof., 27, 1940, 386-392; Am. Potato 
Jour., 18, 1941, 231-233; Phytopath., 33, 
1943, 363-371; Genetics, 28, 1943, 200- 
209; Proc. Am. Philos. Soc., 88 , 1944, 
132-144; Hansing, Cornell Univ. Agr. 
Exp. Sta., Bull. 792, 1943; Price and 
Black, Am. Jour. Bot., 28, 1941, 504-595; 
Taylor, Am. Potato Jour., 15, 1938,37-40; 
Walker and Larson, Jour. Agr. Res., 69, 
1939, 259-280; Watkins, Jour. Econ. Ent., 
32, 1939,561-564; Cornell Univ. Agr. Exp. 
Sta., Bull. 758,1941,1-24; Younkin, Am. 
Potato Jour., 19, 1942, 6-11. 

Strains: Beside the type variety, 
Aurcogenus vasians var. vulgare Black 
(Am. Jour. Bot., 27, 1940, 391), on which 
the species is based, two distinctive 
strains have been given varietal immes: 

la. Aureogenus vasians var. agalliae 
Black. (Am. Potato Jour., 18, 1941,233.) 
From New Latin Agallia, generic name of 
vector of this strain. Common name: 
New Jersey strain of potato yellow-dwarf 
virus. Differing from the type especially 
in its distinctive vector, the leafhopper, 
Agallia conslricta Van Duzee, which is 
incapable of transmitting the type strain, 
and in not being transmitted by Acerata- 
gallia sanguinolenla (Provancher), com¬ 
mon vector of the type variety. Experi¬ 
mentally, transmitted also by Agallia 
quadripunclata (Provancher); perhaps 
rarely by Agalliopsis novella (Say); 
Differing but little from the type in ef¬ 
fects on potato (var. Green Mountain) 
and Nicotiana rustica but more definitely 
in effects on crimson clover, in affected 
plants of which a rusty-brown necrosis 


along the veins, not induced by the type 
strain, is always present in some degree. 

lb. Atireogenus vasians var. Icthale 
Black. (Am. Jour. Bot.. 27, 1940, 391.) 
From Jjatin Ulhalis, causing death. 
Common name: Strain B5 of potato yel¬ 
low-dwarf virus. Differing from the type 
variety especially in a tendency to induce 
in Nicotiana ruslica, experimentally, 
brown primary lesions with necrotic gray 
centers, systemic yellowing, e.xtensive 
necrosis of veins, collapse of large areas 
of leaf, and sometimes death of the host; 
not known to occur in nature as a separate 
strain, but readily isolated as a variant 
from strains collected in nature. 


2. Aureogenus magnivena Black. 
(Proc. Am. Philos. Soc., 88, 1944, 144.) 
From Latin magnus, large, and vena, vein. 
Common name: Clover big-vein virus. 
Host: Experimentally, LEGUMINO- 
SAE—Trijolium incarnaium L., crimson 


clover. 

Insusceptible species: SOLAN A- 
CEAE—Nicotiana rustica L., Indian to¬ 
bacco; Solanum tuberosum L., potato. 

Geographical distribution: United 
States (presumably, Washington, D. C.). 

Induced disease: In crimson clover, 
experimentally, unevenly thickened 
veins which are depressed below the up¬ 
per surface of the leaf; these enlarged 
veins, best observed from below, some¬ 
times bear enations that arise from their 
lower surfaces, leaves often curl upward 
and inward marginally; in summer, yeL 


wing of leaves progresses from margins 

iward, the yellow color being later ve- 

laced in part by red or purple red, 

ctioles undulating; plants dwarfe , 

norl- nn clearing oi 


veins; no rusty-brown necrosis. 

Transmission: Not by inoculation o 
expressed juice. By leafhoppers, 
iiopsis novella (Say), Agallia constneta 
Van Duzee, A. quadripunclata (Provan 
Cher); not by Aceratagallia sanguif^' 
lenta (Provancher) {CICADELLlDALh 



FAMILY CHLOROGENACEAE 


1157 


3. Aureogenus clavlfollum Black. 
{Pro3. Am. Philos. Soc., 8S, 1944, 141.) 
From Latin clam, club, and folium, leaf. 

Ck)mmon name: Clover club-leaf virus. 

Host; Experimentally, LEGUMhVO- 
SAE — Trifolium incarnalum L., crimson 
clover. 

Insusceptible species: iSOL.4.V/l- 
CEAE — Nicotiana rustica L., Indian to¬ 
bacco; iSofanum tuberosum L., |)otato. 

Geographical distribution: United 
States (Princeton, N. J.). 

Induced disease: In crimson clover, ex¬ 
perimentally, youngest leaves lighter 
green than normal, slow to unfold; leaf 


margins yellowed or colored red or purple 
red; affected leaves narrow, smooth or 
savoyed; plant dwarfed, new shoots from 
leaf axils slightly stiinulateJ; new growth 
of spindly stems and small leaves; no 
rusty-brown necrosis of veins, no obvious 
enlargement of veins, and no obvious 
clearing of veins at the onset of disease. 

Transmission: Not by inoculation of 
e.xpressed juice. By Icafhopper, Agal‘ 
liopsis noL’ella (Say) (CICADELLI- 
DAE) ; not by leafhoppers, Aceratagallia 
sanguinolenta (Provanclier), Agallia con- 
stricta Van Duzee, nor -1. quadripunclata 
(Provancher) {CICADEELIDAE). 


Genus V, Galla Holmes. 

{Loc. oil,, 106) 

Viruses of the Fiji-Disease Group, inducing diseases characterized by vascular 
proliferation. Generic name from Latin galla, a gall nut. 

The type species is Galla fijiensis Holmes. 


Keg to the species of genus Galla. 

I. Infecting sugar cane. 

A. Inducing formation of conspicuous galls. 

1. Galla fijiensis. 

B. Not inducing formation of conspicuous galls. 

2. Galla queenslandicnsis. 

II. Infecting anemone. 

3. Galla anemones. 

III. Infecting peach. 

4. Galla verrucac. 

IV. Infecting corn. 

5. Galla zeac. 


1. Galla fijiensis Holmes. (Handb. 
Phytopath. Viruses, 1939, 106.) From 
name of Fiji Islands. 

Common name: Fiji-disease virus. 

Host: GRAMINEAE—Saccharum otfi- 
cinarum L., sugar cane. 

Geographical distribution: Fiji Islands, 
New South Wales, Java, Philippine Is¬ 
lands, New Guinea and New Caledonia. 

Induced disease: In sugar cane, galls 
on vascular bundles, formed by prolifera¬ 
tion of phloem and nearby cells. Af¬ 
fected cells show characteristic spherical 
or oval inclusion bodies. Developing 
leaves shortened, crumpled, abnormally 


dark green. Infected stool.s of cane be¬ 
come bushy. Hoots sm.all, bunchy. 

Transmission: By leafhoppers, Perkin- 
siella saccharicida Kirk, (in Queensland) 
and P. vaslatrix Breddin (in Philip¬ 
pine Lslands) {FULGOPIDAE, sub¬ 
family Delphacinae). Not by grafting. 
Not by inoculation of expressed juice. 
Not through eggs of P. vaslatrix. Cut¬ 
tings taken from affected canes produce 
some healthy and some disejised plants, 
because virus does not become uniformly 
distributed throughout the host tissues. 

Literature; Kunkel, Bull. Exp. Sta., 
Hawaiian Sugar Planters' Assoc., Bot. 
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Ser., 5,1924, 99-107; Lyon, ibid., S, 1921, 
1-43; Hawaiian Planters’ Rec., 12, 1915, 
200; Mungomery and Bell, Queensland, 
Bur. Sugar Exp. Sta., Div. Path., Bull. 
4, 1933; Ocfemia, Am. Jour. Bot., 21, 
1934,113-120; Ocfemia and Celino, Phyto¬ 
path., 29, 1939,512-517; Reinking, Phyto¬ 
path.,//, 1921, 334-337. 

2. Galla queenslandiensls H. {loc.cit., 
109). From Queensland, where the in¬ 
duced disease was first studied. 

Common name: Sugar-cane dwarf-dis¬ 
ease virus. 

Host: GRAMINEAE—Saccharum ofi- 
cmaruw L., sugar cane. 

Geographical distribution: Queensland. 

Induced disease: In sugar cane, young 
leaves marked with scattered chlorotic 
streaks, leaves stiff and erect, spindle 
twisted, abnormally short and pale. As 
leaves mature, streaks disappear, leaves 
become darker than normal green. In 
recently infected plants, vascular bun¬ 
dles arc enlarged, irregular in shape, fused 
and characterized by abnormal prolifera¬ 
tion of thin-walled lignified cells. 

Literature: Bell, Queensland, Bur. 
Sugar Exp. Sta., Div. Path., Bull. 3,1932. 

3. Galla anemones H. (loc. cit., 108). 
From Latin anemone, anemone or wind¬ 
flower. 

Common name: Anemone-alloiophylly 
virus. 

Hosts: RANUNCULACEAE—Ane¬ 
mone nemorosa L., vernal windflower; A. 
ranunculoides L.; A. trifolia L. 

Geographical distribution: Germany. 

Induced disease: Leaves thickened and 
distorted, petioles thickened. Flowers 
distorted or not formed. Vascular bun¬ 
dles larger and more numerous than in 
healthy plants. Palisade cells short, 
chloroplasts smaller and fewer than nor¬ 
mal. 

Transmission: By needle puncture into 
rhizomes immersed in filtered juice of dis¬ 
eased plant. By contamination of soil 
with fragments of diseased leaves or 
rhizomes. 


Literature: Klebahn, Bericht. d. 
Deutsch. Bot. Gesellsch., 16, 1897, 527- 
536; Ztschr. wissensch. Biol., Abt. E, 
Planta, 1, 1926, 419-440; 6, 1928, 40-95; 
Phytopath. Ztschr., 4, 1932, 1-36; 9, 
1936, 357-370. 

4. Galla verrucae Blodgett. (Phyto¬ 
path., 33, 1943, 30.) From Latin verruca, 
wart. Originally spelled verruca, ap¬ 
parently by a typographical error, which 
was corrected twice on the following page, 
once in a statement that the genitive ver- 
rucac had been given as specific epithet. 

Common name: Peach-wart virus. 

Host: ROSACEAE—Prunus persica 
(L.) Batsch, peach. 

Geographical distribution: United 
States (Idaho, Washington, Oregon). 

Induced disease: In peach, no charac¬ 
teristic effect on foliage. Fruits blis¬ 
tered, welted, later with warty out¬ 
growths conspicuously raised. Affected 
tissues light tan to red, rough, cracked 
and russeted, or smooth. Gumming 
usual, often severe. Warty tissue super¬ 
ficial ; underlying tissues coarse, filled 
with gum pockets, but not abnormal in 
flavor. Warty tissue may be hard and 
bony, but more often it is merely tougher 
than normal. 

Transmission: By budding and in¬ 
arching. 

Literature: Blodgett, Phytopath., 31, 
1941,859-860 (Abst.); 53, 1943, 21-32. 

5. Galla zeae McKinney. (Jou*'- 
Washington Acad. Sci., 34, 1944 , 328.) 
From Latin zca, a kind of grain. 

Common name: Wallaby-ear disease 

virus. 

Host: GRAMIXEAE-Zea mays L., 
corn (maize). 

Geographical distribution: Sou 

eastern Queensland, Australia. 

Induced disease: In corn (maize), 
small swellings on secondary veins on 
undersides of young leaves, spreading to 
base and tip of leaf along veins; plant 

dwarfed, becoming abnormally deep ^een 
and deficient in development of pollen; 
silk, cobs, and grain retarded in growtn. 
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Transmission : By leafhopper,Literature: Scliindler, Jour. Austral. 
W»iacu;a(a Evans {CICADELLIDAE). Inst. Agr. Sci., S, 1942, 35-37. 

Genus VI, Fractilinea McKinney, 

(Jour. Washington Acad. Sci., S4, 1944, 148.) 

Viruses of the Stripe-Disease Group; hosts grasses; insect vectors, cicadellid and 
fulgorid leafhoppers. Generic name from I.4itin, meaning interrupted and line. 

The type species is Fractilinea maidis (Holmes) McKinney. 

Key to the species of genus Fractilinea. 

I. Vectors, cicadellid leafhoppers. 

1. Fractilinea maidis. 

2. Fractilinea oryzae. 

3. Fractilinea tritici. 

4. Fractilinea quarto. 

11. Vectors, fulgorid leafhoppers. 

6. Fractilinea zeae. 

6. Fractilinea avenae. 


1. Fractilinea maidis (Holmes) Mc¬ 
Kinney. {Marmor maidis Holmes, 
Handb. Phytopath. Viruses, 1939, 56; 
Fractilinea maidis McKinney, Jour. 
Washington Acad. Sci., S4, 1944, 149.) 
From New Latin mays, corn (i.e. maize). 

Common name: Maize-streak virus. 

Hosts: ORAMINEAE—Zca mays L., 
corn (maize); Digitaria horizonlalis 
Willd., Eleusine indica Gaert.; Sac- 
charum officinarum L., sugar cane. 

Geographical distribution: Africa. 

Induced disease: In corn, pale spots at 
base of young leaf, followed by chlorotic 
spotting and streaking of subsequently 
formed leaves. Virus moves rapidly (up 
to 40 cm in 2 hours at 30® C) after intro¬ 
duction, into host plant by insect. More 
virus in chlorotic spots than in green areas 
of affected leaves. 

Transmission: By leafhoppers, Cica- 
dulina (-= Balclutha) mbila (Naude), C. 
2 eae China, and C. si&reyi China (CICA- 
I^ELLIDAE). In C. mbila ability to 
transmit this virus is controlled by a 
eex-linked dominant gene; active male 
(AX) (Y), inactive male (aX) (Y), inac¬ 
tive female (aX) (aX), active female 
(AX) (AX) or (AX) (aX). Inactive in¬ 
dividuals ingest virus when feeding, but 
Cftn become infective only if the intestine 


is wounded purposely or accidentally. 
If inoculated artificially by introducing 
virus into blood, both active and inactive 
insects become infective. Incubation 
period, 6 to 12 hours at 30® C. Young not 
infected through the egg. Infective leaf- 
hopper cannot transmit virus unless feed¬ 
ing puncture exceeds a minimum period, 
about 5 minutes in duration. This virus 
has not been transmitted to its plant 
hosts by inoculation of expressed juices. 

Filterability: At pH 6, passes Cham- 
bcrland Li and Lj, Berkefeld V and N, 
filters; retained by Seitz E K filter disc. 

Literature: Storey, Ann. Appl. Biol., 
12, 1925, 422-439; 16, 1928, 1-25; 19, 1932, 
1-5; Proc. Roy. Soc., B, 112, 1932, 46-60; 
US, 1933, 463^85; 126, 1938, 455-477; 
Ann. Appl. Biol., 21, 1934 , 58S-589; 24t 
1937, 87-94; East Afr. Agr. Jour., 1, 1936, 
471-475; Storey and McCIean, Ann. Appl. 
Biol., 17, 1930, 691-719. 

Strains: Two strains that differ radi¬ 
cally from the type, var. typicum H. 
{loc. cit., 66), have been given varietal 
names, as follows: 


la. Fractilinea maidis var. sacchari H. 
{loc. cit., 57). From New Latin iSac- 
charum, generic name of sugar cane. 
Common name: Cane-streak strain of 
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rnaize-streak virus. DifTering from the 
type strain in being specialized for at¬ 
tacking sugar cane, in which the type 
(from maize) tends to be localized or 
finally lost with resultant spontaneous 
recovery of the temporary host. The 
cane-streak strain usually spreads readily 
in the cane plant; leaves become much 
marked with broken, narrow, pale, longi¬ 
tudinal stripes and spots; stems remain 
unatTected. One variety of sugar cane, 
P.O.J. 213, is resistant and, if infected, 
tends to recover. (McClean, Intern. 
Soc. Sugar Cane Techn., Bull. 27, 1932; 
Proc. So. .\fr. Sugar Techn. Assoc., 1930, 
1-11; Storey, Kept. Imp. Bot. Conf., 
London, 1924, 132-144; Union So. Afr. 
Dept. .\gr., Sci. Bull. 39,1935; Ann. Appl. 
Biol., 17, 1930,091-719. 

lb. Fractilinca maidis var. mitis H. 
{loc. cit., 58). From Latin mitis, mild. 
Common name: Mottle strain of maize- 
streak virus. Differing from the typical 
strain by the mildness of the disease in¬ 
duced in corn (maize), transitory chlo¬ 
rotic mottling of newly developed leaves, 
followed by fading of mottling and pro¬ 
duction of apparently normal leaves. 
Young leaves, while mottled, are less 
rigid than normal and may not remain as 
nearly erect as healthy leaves. (Storey, 
Ann. Appl. Biol., 24, 1937, 87-94.) 

2. Fractilinea oryzae (Holmes) comb. 
710 V. (Marmor oryzae Holmes, loc. cit., 
64.) From Latin oryza, rice. 

Common name: Rice dwarf-disease 
virus. 

Hosts: GRAMIXEAE—Oryza saliva 
L., rice. Experimentally, also Alope- 
curus fulvus L.; Avena sativa L., oat; 
Echinochloa crusgalli Beauv. var- edulis 
Honda; Panicurn tniliaceum L.; Poa 
pratensis L.; Sccale cereale L., rye; 
Triticum vidgare VilL, wheat. 

Insusceptible species: GRAMINEAE 
—Zea mays L., corn (maize); Hordeum 
vulgareL.,haT\ey;Seiaria italica Beauv., 


foxtail millet; Andropogon sorghum Brot. 
(= Uolcus sorghum L.), sorghum. 

Geographical distribution: Japan, Phil¬ 
ippine Islands. 

Induced disease: In rice, yellowish 
green spots along veins of young leaf, fol¬ 
lowed by chlorotic spotting and streaking 
of subsequently formed leaves. Growth 
stunted, internodes and roots abnormally 
short, forming a dwarf plant. Vacuolate 
intracellular bodies, 3 to 10 by 2.5 to 8.5 
microns in size, close to nuclei of cells in 
affected tissues. 

Transmission: By leafhoppcrs, Nepho^ 
tettix apicalis var. cincticeps Uhler, N. 
bipunctatus Fabr., and Deltocephalus dor- 
salisUoisch. iCICADELLIDAE). Vi¬ 
rus transmitted through some of the eggs 
but through none of the sperm of infected 
individuals of N. apicalis. Transfer 
from individuals thus infected through 
the egg to their progeny likewise demon¬ 
strated, even to the 7th generation. This 
is the only confirmed instance of trans¬ 
mission of a phytopathogenic virus 
through the eggs of an insect vector and 
is considered as evidence that the virus 
multiplies within the body of its vector as 
well as in its plant hosts. Incubation 
period in insect usually 30 to 45 days after 
first feeding on an infected plant, some¬ 
times as short as 10 or as long as 73 days, 
nymphs from viruliferous eggs do not be¬ 
come infective until 7 to 38 (average 19) 
days after emergence. Transmission by 
inoculation of expressed juice has not 
been demonstrated. No transmission 
through seeds from diseased rice plants. 

No soil transmission. 

Literature: Agati et ah, Philippine 
Jour. .\gr., 12, IWl, 197-210; Fukush-, 
Trans. Sapporo Nat. Hist. Soc., IS, 1931, 
35-41; Proc. Imp. Acad., Tokyo, 9, 1933, 
457-460; Jour. Fac. Agr. Hokkaido Imp. 
Univ., S7, 1934, 41-104; Trans. Sapporo 
Nat. Hist. Soc., IS, 1934, 162-166; Proc. 
Imp. Acad., Tokyo, 11, 1935, 301 303, 

IS, 1937, 328-331; 15, 1939, 143-145; 
Jour. Fac. Agr. Hokkaido Imp. Univ., 

45, 1940, 83-154; Katsura, Phytopath., 
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S6, 1936, 887-895; Takata, Jour. Japan 
Agr. Soc., 171, 1895, 1-4; m, 1896, 13-32 
(Takata’s papers, in Japanese, constitute 
the first published record of transmission 
by an insect of a virus causing disease in 
a plant, the leafhopper Deltocephalus dor¬ 
salis Motsch. transmitting dwarf-disease 
virus to rice; see Fukuslii, 1937, cited 
above). 

3. FractllineatriticlMcKinney. (Jour. 
Washington Acad Sci., 34, 1944, 327.) 
From Latin Iriticimi, wheat. 

Common name: Winter-wheat mosaic 
virus. 

Hosts: GRAMINEAl!:—TTiticum aes- 
iivum L., wheat; Secale cercale L., rye; 
Avena byzantina; A. falua L., wild oat; 
A. saliva L., oat; Hordewn vulgarc L., 
barley. 

Geographical distribution: Union of 
Soviet Socialist Republics. 

Induced disease: In winter wheat and 
rye, chlorotic mottling; profuse branch¬ 
ing. In winter wheat, phloem necrosis; 
chloroplasts few, small; vacuolate inclu¬ 
sions in cells;* nuclei enlarged and with 
extra nucleoli; no protein crystals of the 
pupation-disease type in affected cells. 
In spring wheat, barley, and oats, chlo¬ 
rotic mottling without profuse branching; 
no proliferation of flowers, but grain is 
rarely formed, most infected plants dying 
before this stage of grow'th. 

Transmission: By leafhopper, Delto¬ 
cephalus slriaius L. (CICADELLIDAE), 
with incubation period of 15 to 18 days. 
Not by inoculation of expressed juice. 
Not through soil. 

Literature: Zazhurilo and Sitnikova, 
Compt. rend. Acad. Sci. U. R. S. S., 25, 
1939,798-801; 26, 1940, 474-478; 29, 1940, 
429-432; Proc. Lenin Acad. Agr. Sci., U. 
R. S. S.,e, 1941,27-29. [Rev. Appl. Myc., 
19, 1940,268; 20, 1941, 167, 396 ; 22, 1943, 
691, 

4. Fractillnea quarts (Holmes) comb, 
nov. {Marmor quarlum Holmes, loc. cU., 
66.) From Latin quarlus, fourth. 


Common name: Sugar-cane chlorotic- 
streak virus or fourth-disease virus. 

Host :GRAML\EAE—Saccharum ojH- 
cinarum L., sugar cane. 

(ieograpliical distribution: Java, 

Queensland. Hawaii, Puerto Rico, Colom¬ 
bia, United States (Louisuyia). 

Induced disease : In sugar cane, reduc¬ 
tion of growth rate; wilting at midday; 
long, narrow, longitudinal streaks, of 
creamy or white color, in the leaves. 
Streaks 1/16 to 3/16 inches wide, gen¬ 
erally less than I foot long, fragmenting. 

Transmission: Hy leafhopper, Draecu- 
lacephala portola Ball (CICADELLl- 
DAE). Not demonstrated by inocula¬ 
tion of expressed juice. 

Tlternml inactivation: In cuttings, at 
52° C in less than 20 minutes. 

Literature: Abbott, Pliytopath., 28, 
1938, 855-857; Sugar Bull., 16, 1938, 3-4; 
Abbott and Ingram, Pliytopath., 32, 1942, 
99-100; Bell, Queensland Agr. Jour., 40, 
1933,460-464; Mart in, Hawaiian Planters’ 
Rec., 34, 1930, 375-378; Hawaiian Sugar 
Planters’ Assoc. Proc., 53, 1934, 24-35. 

5. Fractilinea zeae (Holmes) com6. 
nov. {Marmor zeae Holmes, loc. cit., 59.) 
From New Latin Zea, generic name for 
corn (maize), from Latin zea, a kind of 
grain. 

Common name: Maize-stripe virus. 

Host; GRAMINEAE—Zea mays L., 
corn (maize). 

Insusceptible species: GRAMINEAE 
—Saccharum oficinarum L., sugar cane. 

Geographical distribution: Hawaii, 
Tanganyika, Mauritius, Trinidad, Cuba. 
Not in United States. 

Induced disease: In corn (maize), at 
first few, elongated, chlorotic lesions near 
base of young leaf, later enlarging and fus¬ 
ing to form continuous stripes. Subse¬ 
quently formed leaves banded and striped 
variously. Vacuolate intracellular in¬ 
clusions in cells of affected areas. 

Transmission: By leafhopper, Pere- 
^inus maidis (Ashm.) {FULOORl- 
DAE)', the incubation period in this in- 



1162 


MAN'UAL OF DETERMINATIVE BACTERIOLOGY 


sect is usually between 11 and 29 days, 
although shorter periods have been dem¬ 
onstrated in a few cases. Virus may per¬ 
sist in the insect host until death, but 
may become exhausted earlier. Not by 
aphid, Aphis maidis Fitch {APHIDI- 
DAE). Not by inoculation of expressed 
juice. 

Literature; Briton-Jones, Trop. Agr., 
10, 1033, 119-122; Carter, Ann. Ent. Soc. 
Am., 34, 1941, 551-556; Kunkel, Bull. 
Hawaiian Sugar Planters' Assoc., But. 
Ser., 3, 1921, 44-57; 1924, 108-114; 
Hawaiian Planters’ Hec., 26, 1922, 

58-64; Phytopath., 17, 1927, 41 (Abst.); 
Stahl, Trop. PI. Res. Found., Bull. 7, 
1927; Storey, Rept. of Plant Pathologist, 
Amani Agr. R(‘S. Station, 4th Ann. 
Kept., 1931-32, pp. S-13. 

0. Fractilinea avenae McKinney. 
(Jour. Washington Acad. Sci., 34, 1944, 
327.) From Latin arena, oats. 

Common name: Pupation-disease virus. 
Hosts; GRAMINEAE—Avena saliva 
L., oat; Triticum aestivnm L., wheat; 


Echinochloa crusgalli Beauv.; Setaria 
riridis; rarely, Agropyron repens (L.) 
Beauv. and Bromus inermis Leyss. Ex¬ 
perimentally, also Hordeum vulgare L., 
barley; Panicum miliaceuni L., millet; 
Oryza saliva L., rice; Secale cereals L., 
rye; Zea 7nays L., corn (maize). 

Geographical distribution; West Si¬ 
beria. 

Induced disease- In oat, chlorotic 
mottling, profuse development of shoots, 
proliferation of flowers with change to 
leaf-like structures. Protein crystals in 
affected cells have been regarded as 
accumulated virus. 

Transmission; By leafhopper, Delphax 
striatella Fallan (EUEGORIDAE), es¬ 
pecially first and second instar nymphs; 
fifth instar nearly immune to infection. 
Incubation period, 6 days or more. Virus 
overwinters in insect as well as in plants. 
Not transmitted from an infected leaf- 
hopper to its progeny. Not through soil. 
Not through seeds from infected plants. 

Literature : Sukhovet ah, Compt. rend. 
Acad. Sci., U. R. S. S., SO, 1938, 745-748; 
S6, 1940, 479-482, 483-486: 
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FAMILY II. MARMORACEAE HOLMES EMEND. 

(Handb. Phytopath. Viruses, 1939, 16.) 

Viruses of the Mosaic Group, inducing diseases usually characterized by persistent 
chlorotic or necrotic spotting, and often by mottling. The family is here extended to 
include several small groups of viruses, formerly assigned independent familj' rank, 
but sharing a tendency to aphid transmission, so far as known, and inducing diseases 
characterized by abnormal growth habit, thickening and rolling of leaves, or dwarfing, 
traits not incompatible with the characters of the present group. Should any one of 
these small groups become the center of a large assemblage of new viruses in the future, 
separate familial status for it might again be advantageous. In the combined group¬ 
ing here used, specific vectors, so far as known, arc aphids {APIIIDIDAE). 

Key io the genera of family Marmoraceae. 

I. Viruses of the Typical Mosaic-Disease Group. 

Genus I. ilfarmor, p. 1163. 

II. Viruses of the Spindle-Tuber Group. 

Genus II. Acrogenus, p. 1202. 

III. Viruses of the I.»eaf-Roll Group. 

Genus III. Corium, p. 1203. 

IV. Viruses of the Dwarf-Disease Group. 

Genus IV. Nanus, p. 1206. 

V. Viruses of the Rough-Bark Group. 

Genus V. Rimocortius, p. 1208. 

VI. Viruses of the Symptomless Group. 

Genus VI. Adelonosus, p. 1211. 

Oenus I. Manner Holmes. 

{hoc. cii., 16) 

Viruses inducing typical mosaic diseases in various plants. Generic name from 

Latin mormor, a mottled substance. 

The type species is A/armor iahaci Holmes. 

Key to the groups within genus Marmor. 

A. Relatively resistant te heat inactivation, usually requiring more than 10 

minutes at 85 to 90® C for complete inactivation. 

1. Tobacco-Mosaic Virus Group. 

B. Relatively susceptible to heat inactivation, requiring less than 10 minutes at 

86 to 90® C for complete inactivation, 
a. Replacing potato-veinbanding virus in mixed infections. 

2. Tobacco-Etch Virus Group. 

aa. Not replacing potato-veinbanding virus in mixed infections. 

3. Cucumber-Mosaic Virus Group. 

C. Many additional species cannot yet be grouped into definite subdivisions of 

the genus; they constitute a jesidual or 

4. Miscellaneous Mosaic-Virus Group. 

Key io the species of the Tobacco-Mosaic Virus Group. 

Viruses relatively resistant to heat inactivation, requiring in most cases more than 
10 minutes at 85 to 90® C for complete inactivation. Insect vectors as yet unknown 

under natural conditions. 
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T. Found in nature principally in solanaceous plants; Cucurbilaceae insus¬ 
ceptible. Chlorotic mottling in some hosts, necrotic lesions in others as 
result of experimental infection. Suspensions show anisotropy of flow. 

1. Marmor (abaci. 

2. Marmor constans. 

II. Found in nature only in cucurbitaceous plants; Solanaceae insusceptible. 
Only mottling as result of experimental infection. Suspensions show 
marked anisotropy of flow. 

3. Marmor asirictum. 

III. Found only in leguminous plants. Chlorotic lesions in some varieties of the 

common snap-bean plant, necrotic lesions in others, as a result of experi¬ 
mental infection. 

4. Marmor laesiofaciens. 

IV. Found in greenhouses confined to roots and lower parts of plants. Only 

necrotic lesions as result of experimental infection. Suspensions do not 
show anisotropy of flow. 

5. 3/armor lelhale. 

V. Found in tomato and experimentally transmissible to a number of species of 
plants in this and other families. Resembling the preceding in a number 
of physical characteristics, including failure to show anisotropy of flow. 

5a. 3/armor dodecahedron. 


1. Manner tabacl Holmes. (Holmes, 
Handb. Phytopath. Viruses, 1939, 17; 
Mvsivum (abaci Valleau, Phytopath., 30, 
1940, 822; Phy(ovirus nicomosaicum 

Thornberry, Phytopath., 31, 1941, 23.) 
From New Latin Tabacum, early generic 
name for tobacco. 

Ck)mmon names: Tobacco-mosaic virus, 
tomato-mosaic virus. 

Hosts: SOLANACEAE—Nicotiatia 

(abacuyn L., tobacco; Lijcopersicon escu- 
len(iim. Mill., tomato; and Capsicum 
fruiescens L., garden pepper, among crop 
plants; nearly all, if not all, solanaceous 
plants can be infected, although in some 
the virus remains localized at or near the 
site of inoculation. PLANTAGINA- 
CEAE —A strain of this virus has been 
found in nature infecting Plantago lance- 
olata L., ribgrass, P. major L. and P. 
rugelii Dene., common broad-leaved 
plantains. Experimental hosts are widely 
distributed through many related families 
of plants. 

Geographical distribution: World-wide. 

Induced disease: In most varieties of 
tobacco, yellowish-green primary lesions, 
followed by clearing of veins, distortion 
and greenish-yellow mottling of newly 
formed leaves. In Ambalema tobacco, 


10 symptoms, virus being restricted to 
noculated leaves or those nearb}. 
Strains of tobacco showing necrotic el¬ 
ects have been produced recently. Id 
omato, no obvious primary lesions, sys- 
emic disease characterized by greenis 
■ellow mottling of foliage, moderate dis 
ortion of leaf shape, and a reduction o 
ruit yield not exceeding 50 per cent. U 
□me strain of potato-mottle virus (i 
lor dubium) is also present, a more severe 
lisease is induced; this is known aa 
ouble-virus streak, and is characterize 
y systemic necrosis. In most varieties 
f garden pepper, yellomsh 
jsions follow'ed by systemic chlorotic 

lottling. In the Tabasco pepper and Its 

Bcent derivatives, recovery by abscission 
f inoculated leaf, after localization or 
irus in necrotic primary lesions. Vacu* 
late intracellular inclusions are founa 
1 chlorotic tissues of all hosts that sho 

istinct chlorotic mottling. 

Transmission: By slight abrasive con 
lets. By inoculation of e-xpressed juice. 

•o some extent by the aphids, 
seudowlani Theob.. .V. 

Buckt.), Macrosiphum solan ,foU> ^to¬ 
ad Mysus persicae (SaU.UAPHI^ 
By grafting. Through 
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Through dodder, Cuscuta campesiris 
Yuncker (CONVOLVULACEAE), with¬ 
out infecting this plant vector. Not 
through pollen from diseased plants. 
Not through seeds from diseased tobacco; 
seed transmission has been reported in 
the case of recently ripened seeds from 
diseased tomato. 

Serological relationships: Precipitin 
test gives cross reactions between all 
known strains, except those characterized 
by failure to spread systemically in to¬ 
bacco. No cross reactions with other 
viruses except weakly with cucurbit- 
mosaic virus {Marmor astrictinn). Type 
and other strains of tobacco-mosaic virus 
give cross reactions in complement-fixa¬ 
tion and neutralization tests. 

Immunological relationships: Plant 
protection tests, particularly in Nicotiana 
sylveslris Spegaz.and Comes, have dem¬ 
onstrated that tissues invaded by any 
strain of this virus are immune to subse¬ 
quent infection by the tomato aucuba- 
mosaic strain of tobacco-mosaic virus, 
indicating a group relationship not shared 
by other viruses, such as cucumber- 
mosaic virus or tobacco-ringspot virus. 

Thermal inactivation: At 88 to 93° C 
in 10 minutes; at 86 to 92° C in 30 minutes. 

Filterability: Tobacco-mosaic virus 
was the first virus shown to be filterable, 
by Iwanowski in 1892; its filterability was 
confirmed and interpreted by Beijerinck 
in 1898. 

Other properties: The ultimate parti¬ 
cles of tobacco-mosaic virus have been 
shown to be rod-shaped and isotropic, 
sometimes associated in pairs, end to end. 
Under proper conditions, thread-like 
paracrystals are formed. Specific gravity 
has been determined as about 1.37, re¬ 
fractive index as about 1.6. Isoelectric 
point between pH 3.2 and 3.6. Suspen¬ 
sions in media of lower refractive indices 
show anisotropy of flow. Sedimentation 
constants, at 20° C, 187 X 10">* cm per 
sec. per dyne at infinite dilution for un¬ 
aggregated virus and 216 X 10"“ cm per 
sec. per dyne for associated particles. 
The computed average length of the virus 


unit is about 272 millimicrons; diameter, 
13.8 millimicrons. Electron micrographs 
show that characteristic particles are rod¬ 
like, between 10 and 20 millimicrons in 
width, variable in length, but in some 
preparations averaging 270 millimicrons 
in length for single units, 405 to 540 milli¬ 
microns in length for associated pairs; 
X-ray measurements in air-dry gel show 
width 15.20 ± 0.05 millimicrons. Solu- 
t ions stronger t ban about 1.3 per cent sep¬ 
arate into layers, the lower siwntancously 
doubly refracting and more concentrated 
than the upper. At concentrations of 
electrolytes somewhat less than are re¬ 
quired to precipitate the virus as fibres 
or needle-shaped paracrystals, the solu¬ 
tions form clear gels that become fluid 
on shaking or diluting (at pH 7 and 30° 
C). The virus is destroyed by high-fre¬ 
quency sound radiation, by pressures be¬ 
tween COOO and 8000 kilograms per square 
centimeter, and by hydrogen-ion con¬ 
centrations alwve pH 11 or below pH 1. 
It is relatively stable between pH 2 
and pH 8. It is rapidly broken down in 
6 M urea solutions, in the presence of 
salts, to low-molecular-weight comiw- 
nentsdevoidofactivity. Analysisofpuri¬ 
fied virus: carlH)n 47.7 per cent, hydrogen 
7.35 per cent, nitrogen 15.9 per cent, sul¬ 
fur 0.24 per cent, phosphorus 0.60 per 
cent, lipoid 0.0 per cent, carbohydrate 1.6 
to 2.0 per cent. A revised estimate of the 
sulfur content is 0.20 per cent, probably 
all in cysteine; no methionine has been 
detected in the typical variety of this 
virus. The percentages of the following 
substances in the virus are: tyrosine 3.9, 
tryptophane 4.5, proline 4.6, arginine 9.0, 
phenylalanine 6.0, serine 6.4, threonine 
5 . 3 ,cysteine 0.68, alanine 2.4, aspartic acid 
2.6, glutamic acid 5.3, leucine 6.1, valine 
3.9, nucleic acid 5.8, and amide nitro¬ 
gen 1.9, collectively accounting for 
about 68 per cent of the total weight. 
Virus formation ceases in infected host 
tissues immersed in 0.0002 molar sodium 
cyanide solution, beginning again after 
removal of cyanide. 


1166 


MANUAL OF DKTf:RMINATlVE LACTLUIOLOGV 


Literature ; The literature dealing with 
tobacco-mosaic virus is too voluminous to 
permit citation of more than a few repre¬ 
sentative publications. Allard, U. S. 
Dept. Agr., Bull. 40, 1914; Bawden and 
Pirie, Proc. Boy. Soc. London, Ser. B., 
123, 1937 , 274-320; Beale, Jour. Exp. 
Med., 54, 1931, 463-473; Boijcrinck, Ver- 
handel. Konink. Akad. Wetenschappen 
te Amsterdam, II, 6, 1898, 3-22; Grant, 
Phytopath., 2/#, 1931, 311-336; Hoggan, 
Jour. Agr. Res., 1934, 1135-1142; 
Iwanowski, Bull. Acad. Imp. Sci. St. 
Petersburg, Ser. 4, 5,1892, 67-70; Jensen, 
Phytopath., 23, 1933 , 964-974; Johnson, 
Science, 64, 1926, 210; Kausche et al., 
Naturwiss., 27, 1939, 292-299; Knight, 
Jour. Biol. Chem., 147, 1943, 663-666; 
Kunkcl, Phytopath., 24, 1934, 437-466; 
LautTer, Jour. Am. Chom. Soc., 66, 1944, 
1188-1194; Price, Phytopath., 23, 1933, 
749-769; Stanley, Pliytopath., 26, 1936, 
305-320; Takahashi and Rawlins, Proc. 
Soc. Exp. Biol, and Med., 30, 1932, 155- 
157; Valleau and Johnson, Kentucky Agr. 
Exp. Sta., Bull. 376, 1937; Vinson, Sci¬ 
ence, 66, 1927, 357-358; Woods, Science, 
91, 1940, 295-296. 

Strains: A great number of variant 
strains have been isolated both experi¬ 
mentally and from plants infected in 
nature. These usually share with the 
type variety most of the fundamental 
properties, particle size, especially width, 
stability at relatively high temperatures, 
longevity in storage, some common anti¬ 
gens. The following have been distin¬ 
guished from the type, var. vulgare H. 
{loc. cit., 17), by varietal names: 

la. Marmor tabaci var. aucuba H. (loc. 
cii., 20). A group of isolates producing 
necrotic local lesions in inoculated leaves 
of Nicoiiana sylvestris Spegaz. and 
Comes; useful in identifying many other 
strains of this virus which on prior ap¬ 
plication protect the tissues of this plant 
from the necrotic effects of aucuba-type 
strains (Smith, Ann. AppL Biol., 18, 
1931, 471^93; Kunkel, Phytopath., 24t 
1934, 437-466). 


lb. Marmor tabaci var. deformans H. 
{loc. cil., 22). Producing exceptionally 
severe malformation of tomato foliage. 
(Ainsworth, Ann. AppL Biol., 24, 1937, 
545-556). 


Ic. Marmor tabaci var. canadense H. 
{loc. cii., 23). Producing a necrotic type 
of streak disease in tomatoes (Jarrett, 

Ann. Appl. Biol., 17, 1930, 248-259). 


Id. Marmor tabaci var. lethale H. {loc. 
cit., 24). Producing spreading necrotic 
lesions in tobacco and tomato under ex¬ 
perimental conditions (Jensen, Phyto¬ 
path., 27, 1937,69-84; Norval, Phytopath. 
28, 1938, 675-692). 


le. Marmor tabaci var. plantaginis H. 
(Phytopath., 31, 1941, 1097). Specially 
adapted in nature for systemic spread m 
species of Plantago. This variety con¬ 
tains histidine (0.55 per cent) and methi¬ 
onine (2 per cent) not found in the type 
of the species. 


l f. Marmor tabaci var. obscurum H. 
(Handb. Phytopath. Viruses, 1939, 25). 
Systemic in tobacco without producing 
obvious disease under experimental 
ditions (Holmes, Phytopath., 24, 1934, 
845-873: 26, 1936,896-904; Jensen, Phyto¬ 
path., «7, 1937,69-81). 

l g. Marmor tabaci var. immohle H- 
(loc. cit., 26). Produces chlorotic pri¬ 
mary lesions in experimentally infecte 
tobacco, but rarely becomes 
(Jensen, Phytopath., 23, 1933, 964-977, 

27, 1937, 69-84). 


Ih. Marmor tabaci var. artum H. (loc- 
cit 27). Necrotic lesions experiment¬ 
ally induced in Nicotiana ^ 

(SOLANACEAE) are much smaller 
those of the type variety (Jensen, X 
topath., 27, 1937, 60-84). 


li. 

and 

991). 


Marmor tabaci var. 

Beecher. (Phytopath., M, 1 - 

Causing necrosis and shriveling 


tomato foliage. 
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2. Marmor constans McKinney. 
(Jour. Washington Acad. Sci., 34, 1944, 
326.) From Latin cons^an^?, fixed. 

Common name: Tobacco mild dark- 
green mosaic virus. 

Hosts: s6l a N A CEA E— N icoliariu 

glauca R. Grab., tree tobacco. 

Insusceptible species: SOLAXA- 
CEAE—Lycopersicon esculenlutn Mill., 
tomato. CUCURBITACEAE— 

Cucumis saiivus L., cucumber. 

Geographical distribution: Islands of 
Grand Canary and Teneriffe. 

Induced disease: In Nicotiana glauca, 
systemic chlorotic mottling. 

Transmission: By inoculation of ex¬ 
pressed juice. No insect vector is 
known. 

Thermal inactivation: At about 8C®C. 
in 10 minutes. 

Literature: McKinney, Jour. Agr. 
Res., 39, 1929, 557-57S; Am. Jour. 
Bot., 28, 1941, 770-778; Peterson and 
McKinney, Phytopath., 28, 1938, 329- 
342; Thornberry and McKinney, ibid., 
S9, 1939. 250-260. 

3. Marmor astrictum Holmes. 
(Holmes, Handb. Phytopath. Viruses, 
1939, 27; Musivujn aslriclum Valleau, 
Phytopath., SO, 1940, 823.) From Latin 
astricius, limited, in reference to host 
range. 

Common names: Cucurbit-mosaic 
virus, English cucumber-mosaic virus. 

Hosts; CUCURBITACEAE-Cucu- 
mis sativua L., cucumber; C. anguria L., 
gherkin; C. melo L., melon; Citrullus vul~ 
fforis Schrad., watermelon; only cucur- 
hitaceous plants have appeared to be 

susceptible thus far. 

Insusceptible species: All tested sol- 
anaceous species. CUCURBITA- 
CEAE—Bryonia dioica L.; Cucurbita 
pepo L., vegetable marrow. LEGU~ 
MINOSAE — Phaaeolus,vulgaris L. var. 
Golden Cluster. 

Geographical distribution: England. 

Induced disease : In cucumber, clearing 
of veins and crumpling in young leaves, 
followed by a green-mosaic mottling, with 


blistering and distortion of newly formed 
leaves. Plant stunted. Fruit un¬ 
marked or slightly mottled. Diseased 
plants less obviously alTcclcd during win¬ 
ter months. 

Transmission: By inoculation of ex¬ 
pressed juice. No insect vector is 
known. 

Serological relationships: Weak cross- 
precipitin reactions and full cross-neu¬ 
tralization reactions with tobacco-mosaic 
virus {Marinor tabaci). Two common 
antigens postulated. Preparations of vi¬ 
rus that have been inactivated by treat¬ 
ment with nitrous acid or X-rays arc still 
antigenic. 

Thermal inactivation: At 80 to 90° C in 
10 minutes. 

Filterability: Passes Pasteur-Cham- 
berland filters Li to hj, and membranes 
of 150 millimicrons average pore diameter. 

Other properties: Virus, infectious in 
dilution of 10"‘®, is present to the extent 
of 0.2 to 0.3 gram per liter of juice from 
diseased plants. Preparations show 
sheen and anisotropy of flow, indicating 
rod-shaped particles. Solutions stronger 
than 2.5 per cent separate into 2 layers at 
room temperature, the lower being the 
more concentrated and birefringent. 
Precipitates with ammonium sulfate show 
needle-shaped paracrystals. Sedimenta¬ 
tion constants = 173 X 10“** cm. 
sec."* dyne"* and about 200 X 10~‘* cm. 
sec."* dyne"*. Virus withstands drying 
without inactivation but with partial loss 
of ability to show anisotropy of flow and 
with reduction of serological activity to 
about half. Tryptophane content 1.4 
per cent, phenylalanine 10.2 per cent, 
the first lower and the second higher than 
in tobacco-mosaic virus. 

Literature: Ainsworth, Ann. Appl. 
Biol., 22, 1935, 55-67; Bawden and Pirie, 
Nature, 139, 1937 , 546-547; Brit. Jour. 
Exp. Path., 18, 1937, 275-291; Knight, 
Arch. Virusf., 2, 1942, 260-267; Knight 
and Stanley, Jour. Biol. Chem., 1/fl, 1941, 
29-38; UU 1941, 39-49; Price, Am. Jour. 
Bot., 27, 1940, 530-541; Price and Wyc- 
koff. Nature,/4f, 1938, 685. 
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Strains: A distinctive strain has been 
distinguished from the type, var. chloro- 
genus H. {loc. cit., 27), by the varietal 
name: 

3a. Marmor astricium var. aucuba H. 
(loc. cit., 29). Differing from the type of 
this species by inducing a yellow-mottl¬ 
ing, rather than a green-mottling, mosaic 
in cucumber (Ainsworth, Ann. Appl. 
Biol., 22, 1935, 55-67). 

4. Marmor laesiofaciens Zaumeyer and 
Harter. (Jour. Agr. Res., 67, 1943, 305.) 
From Latin laesio, substantive from 
laederc, to injure, and participle from 
facere, to make. 

Common name: Bean-mosaic virus 4; 
southern bean mosaic virus 1. 

Hosts: LEGUMINOSAE — Phaseolus 
vulgaris L., bean. Experimentally, also 
Phaseolus lunatus L., sieva bean; Soja 
7nax Piper var. Virginia, Virginia soy 
bean. 

Insusceptible species: All tested spe¬ 
cies in families other than the LEGU- 
MINOSAE. 

Geographical distribution: United 
States (Louisiana). 

Induced disease: In bean, systemic 
chlorotic mottling in some varieties, 
localized necrosis in others; in a few 
varieties, systemic necrosis. In mot- 
tling-type varieties, chlorotic mottling of 
foliage; pods marked by dark green 
blotches or shiny areas, slightly mal¬ 
formed, short, frequently curled at end. 
In necrotic-type varieties with localized 
response, bearing a dominant gene lacking 
in mottling-type varieties, reddish ne¬ 
crotic lesions at the site of inoculation; no 
evidence of systemic spread of virus. In 
varieties showing systemic necrosis, pin¬ 
point or slightly larger necrotic primary 
lesions with veinal necrosis of inoculated 
leaf; systemic veinal necrosis, distortion 
and curling of affected leaves, drooping 
at the pulvini; stem and petiole streak; 

eventual death of plant. 

Transmission; By inoculation of ex¬ 
pressed juice. Through seeds from in¬ 
fected plants. 


Serological relationships: Not demon¬ 
strated. 

Immunological relationships: Previous 
infection with bean-mosaic virus, il/armor 
phaseoli, does not protect against infec¬ 
tion with tliis virus. 

Thermal inactivation: At 90 to 95° C, 
time not stated, probably 10 minutes. 

Other properties: Withstands dilution 
of !: 500,000 and aging 32 weeks at 18“ C, 

Literature: Zaumeyer and Harter, Phy¬ 
topath., 32, 1942, 438-439; 33, 1943, 16; 
34, 1944, 510-512; Jour. .\gr. Res., 67, 
1943, 295-300, 305-328. 

Strains: A strain differing from the 
type has been given the varietal name: 


9 

4a. Marmor laesiofaciens var. minus 
Zaumeyer and Harter. (Jour. Agr. Res., 
67, 1943,305.) From Latin minor, lesser. 
Differing from the type by inducing 
formation of slightly less diffuse and 
spreading lesions in necrotic-type bean 
leaves; also by inducing milder early 
symptoms and more severe late symptoms 
in mottling-type beans. Passes through 
seeds from infected plants to infect seed¬ 
lings grown from them. Found in addi¬ 
tional localities in the United States 
(California, Colorado, Idaho, Maryland). 


5. Manner lethale H. (loc. cil., 86). 
‘om Latin lelhalis, causing death. 
Common name: Tobacco-necrosis virus. 
Hosts: SOLANACEAE-Nicoliana 

bacum L., tobacco; N. gluiinosa L.; A- 

ngsdorffii Weinm.; Lycopersicon escu- 
ilum Mill., tomato; Solanum nigrurn 
COMPOSITAE—OERAAl- 
CEAE—Pelargonium horiorum Bailey. 
^GUMINOSAE—Phaseolus vulgaT\s 
. bean. Confined to roots of these 
tural hosts except in the cases o 
icotiana tabacum and N. gluUnosa m 
lich lower leaves are sometimes m- 
ded; necrotic lesions along midnb and 
■ger veins in these. No obvioiw 
stations of disease in infected 
cperimentally to plants in 
s^th production of localized necrotic 

dons only. 
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Geographical distribution: England, 
Scotland, Australia. This virus has been 
found only in greenhouses. 

Induced disease: In tobacco, necrosis 
of midrib and larger veins of first-de¬ 
veloped pair of leaves, between Novem" 
ber and February. Virus also in roots 
of many healthy-looking plants through¬ 
out the year. Upon artificial inoculation 
of foliage, numerous small brown necrotic 
local lesions arc produced. Yield of virus 
from infected plant 0.02 mg per cc of ex¬ 
pressed juice, on the average. 

Transmission : By contamination of soil 
with virus. No insect vector is known. 
Experimentally, by inoculation of ex¬ 
pressed juice. 

Serological reactions: Precipitates with 
homologous antiserum. No cross reac¬ 
tion with tomato bushy-stunt or tobacco- 
mosaic viruses. 

Immunological relationships: Protec¬ 
tion tests show lack of relationship to 

tobacco-mosaic virus, tobacco-ringspot 

• 

virus, tomato-ringspot virus, cucumber- 
mosaic virus, and the severe-etch strain 
of tobacco-etch virus. 

Thermal inactivation: At 90 to 92® C 
in 10 minutes. 

Filterability: Average particle diame¬ 
ter 20 to 30 millimicrons as determined by 
filtration through Gradocol membranes; 
other reports give diameter as 13 to 20 
millimicrons by filtration (14 to 19 milli¬ 
microns by radiation experiments, about 

20 millimicrons from electron micro¬ 
graphs). 

Other properties: Infectious after stor- 
a'?e for months in dried leaves and after 
storage for half a year in absolute ethyl 
alcohol at room temperature. Specific 
gravity 1.3. More soluble in ammonium 
sulfate solutions at 0® C than at room 
temperature. Composition: Carbon 44.8 
to 45.3 per cent, nitrogen 15.5 to 16.5 per 
cent, hydrogen 6.5 to 7.0 per cent, phos¬ 
phorus 1.4 to 1.7 per cent, sulfur 1.1 to 
2.0 per cent, carbohydrate 7.0 to 9.0 per 
cent; ash 6.8 to 7.0 per cent (3 to 5 per 
wnt after prolonged dialysis at pH 3). 
Nucleic acid of the ribose type has been 


isolated. No anisotroi)y of flow in solu¬ 
tion but crystals are birefringent, show¬ 
ing sharp extinctions parallel to, and at 
rigid angles to, the plane of the crystal 
wlien e.xamined edge-ou in a |x)larizing 
microscope. Sedimentation constant, 
$ 20 *^ = 112 X 10"*^; inotlier preparations 
a crystalline component with .sedimenta¬ 
tion constant 130 X 10““ and an amor¬ 
phous component with sedimentation 
constant 58 X 10~“ have been reported, 
as well as small amounts of a sul)stance 
with sedimentation constant 220 X 10““. 

Strains: Isolates of tobacco-necrosis 
virus serologically distinct but not other¬ 
wise different from each other appear to 
imply the existence of several strains of 
this virus, or of a closely related group of 
viruses, in England. 

Literature: Bawden, Brit. Jour. Exp. 
Path., 22, 1911, 59-70; Bawden et al., 
ibid., 23, 1942, 314-328; Cohen, Proe. Soc. 
Exp. Biol, and Med., 4S, 1941, 163-167; 
Lea, Nature, 140, 1940, 137-138; Pirie ct 
al., Parasitol., 30, 1938, 543-551; Price, 
Am. Jour. Bot., 25, 1938, C03-C12; Am. 
Jour. Bot., 27, 1940, 530-541; Arch. 
Virusf., I, 1940, 373-386; Price and 
Wyckoff, Phytopath., 29, 1939, 83-94; 
Smith, Parasitol., 29, 1937, 70-85; 29, 
1937, 86-95; Smith and Bald, Parasitol., 
27, 1935, 231-245; Smith and MacCle- 
ment, Parasitol., 32, 1940, 320-332. 

5a. Marmor dodecahedron II. {loc.cit., 
30). From Greek dodekahedron, dodeca¬ 
hedron. 

Common name: Tomato bushy-stunt 
virus. 

Hosts: SOLAN ACE A la—Lycopcrsicon 
esculcntum Mill., tomato. Experiment¬ 
ally, also SOLANACEAE—Datura $tra~ 
monium L.; Nicotiana gluHnosa L.; N. 
langsdorjfii Weinm.; N. tabacum L., to¬ 
bacco; Solanum nigrum L. LEGU~ 
MINOSAE—Phaseolus vulgaris L., bean; 
Vigna sinensis (L.) Endl., cowpea. 
COMPOSITAE—Zinnia elegans Jacq., 
zinnia. 

Geographical distribution: British 
Isles. 
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Induced disease: In tomato, some 
primary lesions necrotic, ring-like or 
spot-like, others masked, or disclosed 
only by chlorophyll retention in yellowing 
leaves. In young plants, systemic ne¬ 
crotic lesions may cause death; in older 
plants, growth ceases, young leaves be¬ 
come pale yellow; growing points may die, 
inducing growth of axillary buds to 
produce a bushy top; older leaves become 
yellowed and show some purple colora¬ 
tion. In White Burley tobacco, local 
necrosis only, lesions small, red at first, 
then white. In cowpea, reddish necrotic 

primary lesions only. 

Transmission: By inoculation of ex¬ 
pressed juice. Through dodder, Cuscuta 
caiupeslris Yuncker {CONVOLVULA- 
CEAE). Xot through seeds of diseased 
plants. No insect vector is known. 

Serological relationships: A specific 
antiserum, prepared by a single intra¬ 
venous injection of rabbits with 2 mg of 
purified virus, gives granular, compact 
precipitates, serving for quantitative es¬ 
timation of this virus, antiserum being 
used at dilutions of 1:200 or 1:800, virus 

at dilutions to KT*. 

Immunolcgical relationships: Will in¬ 
fect plants previously invaded by tobac¬ 
co-mosaic virus, tomato siwtted-wilt 
virus, tobacco-ringsiM)t virus, and Ber- 
gerac-ringspol virus. 

Filterability: Passes membranes down 
to 40 millimicrons average pore diameter. 

Other properties; Virus crystallizes 
from solutions of ammonium sulfate as 
isotropic, rhombic dodecahedra, which 
shrink and swell reversibly on drying and 


rewetting; shrinkage reduces size to SO 
per cent of the wet dimensions. In the 
presence of heparin, non-birefringent 
prisms, rather than dodecahedra, appear. 

= 132 X cm. sec.'^ dyne'L 

Particle approximately spherical, 27.4 
millimicrons in diameter by X-ray meas¬ 
urements (average diameter by filtration 
data, 14 to 20 millimicrons). Solutions 
do not show anisotropy of flow. Inac¬ 
tivated by drying. Molecular weight 
8,800,000. Density 1.353. Molecular 
weight may be as high as 24 , 000,000 in 
solution, but the density is then lower, 

1.286. Analysis: carbon 47 to 50 per cent, 
nitrogen 15.8 to 16.4 per cent, phosphorus 
1.3 to 1.5 per cent, ash 1.7 to 5 per cent, 
hydrogen 7.2 to 8.2 per cent, sulfur 0.4 
to 0.8 per cent, carbohydrate 5 to 6 per 


nt. . 

Literature: Ainsworth, Jour. Ministry 
rr., 43, 1936,266-269; Bawden and Fine, 
ature, W, 1938, 513; Brit. Jour Exp- 

ah., 19, 1938, 251 - 263 ; Bernal and 
inkuchen. Jour. Gen. Physiol., 96, . 

1-165; Bernal et al., Nature, 143. 

75; Cohen, Jour. Biol. Chem. 144 ,19 t 
3-362; Proc. Soc. Exp. Biol, and Med-, 
1942, 104-105; Lauffer, Jour. Fhys- 
^em., U, 1940. 1137-1146; Lafer^ 
anley. Jour. Biol. Chem., IS , » 

3-472; Neurath and Cooper, Jour, m * 

hem., 1940,455-462;Smith Nature, 

5, 1935, 908; Ann. Appl. ' 

1-741; Jour. Roy. Hort. Soc., 60, > 

8-151; Smith and MacClement, 
tol , 35, 1941, 320-330; Stanley. Jo^^- 
Chem..i55, 1940,437-454. 


Key to the species of the Tobacco-Etch Virus Group. ^ 

Viruses relatively susceptible to heat replaced by each 

minutes). A small, closely allied group, tending to repla 

i' sir “““ 

nf the eroup in tobacco. , ^ 

^ Marmor erodens. 

II. Replaced by No. 6, not by No. 8. 

III. Replaced by No. 6 or 7 if in 
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6 . Marmor erodens Holmes. (Holmes, 
Handb. Phytopath. Viruses, 1939, 40; 
Foliopcllis erodens Valleau, Phytopath., 
SO, 1940, 825.) From Latin erodcre, to 
erode or gnaw away. 

Common name: Tobacco-etch virus. 

Hosts: (SOLA A'’,4CA\4 £'—Capsicum 
frutescens L., pepper; Datura stramonium 
L., Jimson weed; Lycopersicon esculenlum 
Mill., tomato; Nicotiana tabacum L., to¬ 
bacco; Petunia sp., petunia; Pkysalis 
heterophylla Nees. 

Geographical distribution: United 
States. 

Induced disease: In tobacco, systemic 
mild-mottling chlorosis, with traces of 
necrotic etching; intranuclear crystalline 
inclusions and intracytoplasmic granular 
and amorphous inclusions that tend to 
crystallize, forming needle-shaped birc- 
fringent bodies, 2 to 10 microns in length. 

Transmission: Experimentally, by My- 
ins persicae (Sulz.), M. circumjlcxus 
(Buckt.), Aphis rkamni Boyer, A.fabae 
(Scop.), and Macrosiphum gei (Koch) 
(APHIDIDAE); by inoculation of ex¬ 
pressed juice. 

Serological relationships: Precipitin re¬ 
actions with homologous antisera, but 

no cross-reactions with tobacco-mosaic 

• 

virus, tobacco-ringspot virus, potato- 
mottle virus, potato aucuba-inosaic virus, 
potato mild-mosaic virus, hyo.scyamus- 
mosaic virus, potato-veinbanding virus, 
or pea-mosaic virus. 

Immunological relationships: Protects 
tobacco against subsequent infection by 
potato-veinbanding virus and hyoscya- 
mus-mosaic virus. In mixed infections, 

't suppresses and replaces these two 
viruses. 

Thermal inactivation: At 53 to 55® C in 
10 minutes. 

Filterability: Passes Pasteur-Cham- 

erland Li, not Li, filter candle. 

Other properties; Sedimentation con¬ 
stant S„® « 170 X 10-1* cm. sec.'i dyne-L 
Concentrated preparations show aniso- 

^ropy of flow, indicating elongated parti¬ 
cle shape. 

Literature: Bawden and Kassanis, Ann. 


.Appl. Biol., 28, 1941, 107-118; Fernow, 
Cornell .\gr. Exp. Sta. (Ithaca), Mem. 
96, 1925; Holmes, Phytopatii., 32, 1942, 
1058-1067; Johnson, Kentucky .\gr. Exp. 
Sta., Ues. Bull. 306, 1930. 

Strains: A distinctive severc-symptom 
strain, isolated from plants infected in 
nature and studied intensively, has been 
distinguished from the type, var. vulgare 
H. Hoc. cit., 40), by the varietal name : 

6 a. Marmor erodens var. severum H. 
Hoc. eft., 41). Differing from the type by 
a tendency to induce more pronounced 
necrotic etching and a greater stunting 
effect in infected tobacco. 

7. Marmor hyoscyami spec. nov. 
From New Latin Ilyoscyamus, genus 
name of plant from which thi.s virus was 
first isolated. 

Common names: Ilyoscyamus-mosaic 
virus, Hy. Ill virus, Hyoscyamus-III- 
disease virus. 

Hosts: SOLAXACEAE—Ilyoscyamus 
niger L., henbane. E.x|)erimentally, also 
Nicotiana tabacum L., tobacco. 

Insusceptible species :CUCU RBI PA¬ 
CE AE—Cucumis sativus L., cucumber. 

Geographical distribution: England. 

Induced disease: In henbane, chlorotic 
clearing of veins followed by yellow-mot¬ 
tling mosaic. 

Transmis.sion: Hy inoculation of ex¬ 
pressed juice to dilutions of 10”^. By 
aphids, Myzus persicae (Sulz.), .M. cir- 
cumjlexus (Buckt.), and Macrosiphum 
solanijolii Ashm. (= .1/. gei Koch) 
{APHIDIDAE). 

Serological rclationshij>s: Several iso¬ 
lates of this virus give mutual cross¬ 
precipitin reactions but no precipitation 
occurs when antiserum prepared with this 
virus is mixed with cucumber-mosaic 
virus, tobacco-etch virus, or potato-vein¬ 
banding virus. 

Immunological relationships: No im¬ 
munity with respect to this virus is in¬ 
duced in tobacco by previous infection 
with cucumber-mosaic virus. Potato¬ 
veinbanding virus is unable to multiply 
in the presence of this virus and is re¬ 
placed by it. Tobacco-etch virus pro- 
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tccts against this virus and replaces it in 
mixed infections. 

Thermal inactivation: At 58° C in 10 
minutes. 

Filterability: Passes Chamberland Li, 
but not Ls, filter candles. 

Other properties: Concentrated solu¬ 
tions show anisotropy of flow, \ield of 
virus, 1 to 3 mg per literof juice expressed 
from diseased tobacco plants. 

Literature : Bawden and Kassanis, Ann. 
Appl. Biol., 28, 1941, 107-118; Hamilton, 
ibid., 19, 1932, 550-567; Sheffield, ibid., 
25, 1938, 781-789; Watson and Roberts, 
Proc. Roy. Soc. London, Ser. B, 127, 1939, 
543-576. 

8 . Manner upsilon comb. nov. {Mar- 
moT cveumeris var. upsilon Holmes, loc. 
cit., 33; Murialba venataenia Valleau, 
Phytopatii., 30, 1940, 824.) From Greek 
name of the letter Y, sometimes used to 
denote this virus. 

Common names: Potato-veinbanding 

virus, potato virus V. 

Hosts: SOLAN ACE AE—Solanum tu¬ 
berosum L., potato; Nicotiana tabacum 
L., tobacco. Experimentally, also Ly- 
cium barbanim L. 


Transmission: By inoculation of ex¬ 
pressed juice. By aphid, Myzus persicae 
(Sulz.); experimentally, also by Aphis 
rhamni Boj-er (synonym for Aphis ab- 
breviota Patch) (API!IDIDAE). 

Serological relationships: Precipitin re¬ 
actions with homologous antisera. No 
cross reactions with tobacco-mosaic virus, 
tobacco-etch virus, hyoscyamus-mosaic 

virus, potato-mottle virus, potato mild- 
mosaic virus, potato aucuba-mosaic virus, 
tobacco-ringspot virus, or common pea- 
■ mosaic virus. Reported cross reaction 
with cucumber-mosaic virus needs con¬ 
firmation. 

Immunological relationships: A mdd 
strain protects against subsequent infec¬ 
tion with the typical virus. This virus 
is suppressed and replaced by hyoscya¬ 
mus-mosaic virus and by tobacco-etc 
virus in mixed infections. 

Thermal inactivation: At 52° C in 

minutes. , 

Filterability: Passes with difficu Y 
through Gradocol membrane of 42 milli¬ 
micron average pore diameter. 

Other properties: Inactivated by dry 


Geographical distribution: England, 
France, United States, Brazil. Rare in 
Scotland and part of Ireland. 

Induced disease: In some potato varie¬ 
ties, leaf drop and necrotic stem-streak; 
in others, no signs of disease; in still 
others, chlorotic mottling with or without 
necrosis. In combination ^ith strains 
of the potato-mottle virus {Marmor 
dubium), this virus causes rugose mosaic, 
a common and destructive double-virus 

disease. 


Literature: Dennis, Nature, lii, J938, 
154; Johnson, Phytopath., 15, 
650-652; Jones and Vincent, Jour, gf- 

Res., SB, 1937 . 69-79; 

Appl. Biol., 19, 1942, 95; Koch. Ph>‘o 
path., 93, 1933, 319-342; Kramer and S.h 
berschmidt, Arquivos Inst. Biol., 
Paulo, Brazil, JJ, 1940, 165-18S; Salaman, 
Nature, 139, 1937, 924; Smith, Proc. R X- 
Soc Ser. B, 109, 1931,251-267; Smdh 
DenLis, Ann. Appl. Biol., 17, 1940,6o-70. 


Key to the species of the Cucumber-Mosaic Virus Group. 

Viruses relatively susceptible to heat virus in 

at 85 to 90° C for complete inactivation. Not replacing po 


II. dicolylido.™, b.l “* 

11, Marmor aucuba. 

• 12. Marmor umbelliferarum 
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13. Marmor cruciferaTum. 

14. Marmor brassicae. 

15. Marmor betae. 

16. Marmor lactucae. 

17. Marmor dahliae. 

18. Marmor phaseoli. 

19. Marmor leguminosarum. 

20. Marmor pisi. 

21. Marmor medicaginis. 

III. Infecting monocotyledonous, but not dicotyledonous, plants. 


9. Marmor cucumeris Holmes. 
(Holmes, Handb. Phytopath. Viruses, 
1939, 31; Murialha cucumeris Valleau, 
Phytopath,, SO, 1940, 823.) From Utin 
cucumiSf cucumber. 

Common name: Cucumber-mosaic 
virus. 

Hosts: Very wide range of hosts among 
dicotyledonous and monocotyledonous 
plants; cucumber, celery, spinach, to¬ 
bacco, and pepper arc sometimes seriously 
(dTected. Overwintering hosts are: SOL¬ 
AN ACEAE—Physalis subglabrata Mac¬ 
kenzie and Bush, P. heterophylla Nccs. 
ASCLEPIADACEAE—Asetepias syri- 
acah. PHYTOLACCACEAE—Phyto- 
Iccca decandra L. LABIATAE—Ne- 
peffl cataria L. Probably there are also 
other susceptible perennials. 

Geographical distribution : Probably al¬ 
most world-wide. 

Induced disease: In cucumber, Cucu- 

• * 

mis sativus L., yellowish-green systemic 
mottling. Leaves small, distorted, 
curled; plants dwarfed, internodcs short¬ 
ened. Few fruits set. Fruits mottled, 
^sshapen, giving the disease the name 

white pickle.” In black cowpea, Vigna 
•tnensis (L.) Endl., small reddish ne- 
^tic local lesions only. No intracellular 
bodies are found in plants infected with 

cucumber-mosaic virus. 

I'ransmisaion: By inoculation of ex¬ 
pressed juice. By aphids, Myzus persi- 
(Sulz.), M, pseudotolani Theob.i M, 


22. Marmor tulipac. 

23. Marmor mite. 

24. Marmor iridis. 

25. Marmor sacchari. 

26. Marmor cepae. 

27. Marmor seillearum. 

circumjlexus (Buckt.), Macrosiphum sol- 
anifolii A.shm., and Aphis gossypii GIov. 
(APIIIDIDAE). Tliroughseed.sof dis¬ 
eased plants in Echinocystis lobnla 
(Mi.chx.) Torr. and Gray, wild cucumber, 
in Cucumis melo L., muskmclon, and in 
Cucurbila pepo L., vegetable marrow. 
By several species of dodder, Cuscuta 
californica Choisy, C. ' campeslris 
Yuncker, and C. subinclusa Dur. and 

Hilg. (CONVOLVULACEAE). 

Immunological relationships: Infection 
with the type and other chlorotic-mot¬ 
tling strains protects zinnia against sub¬ 
sequent infection by an indicator strain 
of this virus {var. judicis). 

Thermal inactivation: At 70 to 80“ C 
in 10 minutes. 

Filterability: Pius.ses Bcrkcfcld W and 
N filters and collodion membranes of 45 
millimicron average pore diameter. 

Other properties: Inactivated by dry¬ 
ing or 3 to 4 days’ storage in juice at room 
temperature. 

Literature: Ainsworth, Ann. Appl. 
Biol., S5, 1938, 867-869; Chamberlain, 
New Zealand Jour. Science and Tech¬ 
nology, i/, I939,73A-90.\; CJelino, Philip¬ 
pine Agr., S9, 1940, 379—114; Doolittle, 
Phytopath., ff, 1916,145-147; U. S. Dept. 
Agr., Bull. 879, 1920; Doolittle and 
Walker, Jour. Agr. Rea., 5/, 1925, 1-58; 
Gilbert, Phytopath., 6, 1916, 143-144; 
Hoggan, Jour. Agr. Res., 47, 1933, 689- 
704; Jagger, Phytopath., 1916,148-151; 
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8, 1918, 32-33; Kendrick, Phytopath., 24, 
1934, 820-823; Mahoney, Proc. Am. Soc. 
Hort. Sci., S32, 1935, 477-480; Price, 
Phytopath., 25, 1935 , 776-789 ; 29, 1939, 
903-905; Am. Jour. Bot., 27, 1940, 530- 
541; Storey, Ann. Appl. Biol., 26, 1939, 
298-308. 

Strains: Various host plants seem to 
have induced specialization of cucumber- 
mosaic virus in strains particularly 
adapted to existence in their tissues. 
Several of these and certain laboratory- 
derived strains useful in technical proce¬ 
dures have been distinguished from the 
type, var. vulgave H. {loc. cit., 31), by 
varietal names, as follows: 

9 a. Marmor cucump'is var. cornmelinae 
H. Hoc. cH., 35). From New Latin 
Commelina, generic name of weed serving 
as a natural reservoir of this strain. 
Common name: Southern celery-mosaic 
strain of cucumber-mosaic virus. Differ¬ 
ing from the type in severity of disease 
induced in celery and Eome other plants. 
Transmitted by Aphis gossypH Glov., .4. 
maidis Fitch, and Pentalonia nigro- 
nervosa Coq. (APHIDIDAE). (Price, 
Phytopath., 26, 1935, 947-954; Wellman, 
ibid., 24 , 1934, 695-725, 1032-1037; 25, 
1935, 289-308, 377-4(H.) 

9b. Marmor cucutneris var. phaseoh 
H. Hoc. cit., 36). From New Latin Pha- 
seolus, generic designation of lima bean. 
Common name: Lima-bean strain of cu¬ 
cumber-mosaic virus. Differing from 
type of species in ability to cause a chlo¬ 
rotic mottling disease in lima bean in 
nature. (Harter, Phytopath., 26, 1936, 
94; Jour. Agr. Res., 66, 1938, 895-906; 
McClintock, Phytopath., 7, 1917, 60.) 

9c. Marmor cucumeris \&T. lilii^- Hoc. 
cit.,Z7). From Latin lily. Com¬ 

mon name : Lily-mosaic strain of cucum¬ 
ber-mosaic virus. Differing from the 
type variety by ability to persist in na¬ 
ture in lilies, producing masked infection 
or chlorotic mottling unless in mixture 
with lily-symptomless virus {Adelonosus 
lilii), when a more severe disease involv¬ 


ing necrosis is induced. (Brierley, Phy¬ 
topath., 29, 1939, 3; 30, 1940, 250-257; 
Brierley and Doolittle, ibid., SO, 1940, 
171-174; Ogilvie and Guterman, ibid., 19, 
1929, 311-315; Price, ibid., 27, 1937, 
561-569.) 


9d. Marmor cucumeris var. judicis H. 
Hoc. cit., 38). From Latin judex, judge. 
Common name: Indicator strain of cu¬ 
cumber-mosaic virus. Differing from 
the type variety in inducing the forma¬ 
tion of necrotic local lesions in zinnia 
(Zinnia elegans Jacq., COM POSIT At). 
Previous infection of zinnia by other 
strains of cucumber-mosaic virus in¬ 
hibits the formation of these necrotic 
local lesions, identifying the strains as 
related to each other and to the indicator 
strain. (Price, Phytopath., 24, H’JJ- 
743-761; 25, 1935, 776-789.) 


9e. J/armor cucumeris var. I'lgnae H- 
oc. cil., 39). From New Ijitin Vigna, 
■ncric name of cowpea. (Common name. 
owpea-mottling strain of cucum 
iosaie virus. Differing from the iyv^ 
iriety in producing .systemic chlorotic 
lottling, rather than reddish-brown ne- 
-otic local lesions, in Black cowpea- 
dt known in nature but derived experi- 
lentally from a mild-mottling strain 0 
icumber-mosaic virus during seria 

^sage in cowpoa. 

L 1934, 743-761; 25, 1935, 77fr-789.) 

10. Marmor solan! H. (loc. ctL, 47)^ 

- . J _ nanir 


Wmon names: Potato mild-mosaic 
us, potato virus A. 

iosts: SOLAN ACE AE-SolanumJ'' 

osum L.. potato, ExpenmentiUly. 
3 Mcoliana labacum L., tobacc , 

nigrum L. var. nod.>n,m; and 

tura stramonium L., .Iimson . 

Jeographical distribution: bn.te 

,tes, England, „ n,i|d 

nduced disease : In potato, , 

orotic mottling or 

some varieties (as Irish n,nlc 

itemic necrosis in others (for e 
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British Queen). Immunity to aphid in¬ 
fection with this virus is found in the 
varieties Katahdin and Eiirlaine. A 
combination disease, characterized by 
pronounced yellow-mosaic patterns, is 
caused by this virus in the variety Irish 
Chieftain if the potato-veinbanding virus 
(Marmor upsilon) is also present. In 
tobacco, experimentally, faint veinband¬ 
ing mosaic. 

Transmission: To ix)tato, by rubbing 
methods of inoculation of expressed juice, 
using carborundum iK)wder; to tobacco, 
by rubbing without carborundum. By 
aphids. Aphis abbreviata Patch and 
Myzuspersicae (Sulz.) {APlilDIDAE). 

Serological relationships: No cross¬ 
precipitin reactions with jwtato aucuba- 
mosaic virus, potato-veinbanding virus, 
tobacco-mosaic virus, tobacco-etch virus, 
tobacco-ringspot virus, or pea-mosaic 
virus. 

Immunological relationships : A feeble 
strain of this virus has been found to pro¬ 
tect fully against the typical strain in the 
Netherlands. 

Thermal inactivation : At 50° C in 10 
minutes. 

Literature: Bawden, Ann. Appl. Biol., 
1936, 487-497; Chester, Pliytopath., 

1935, 686-701; Dykstra, Phytopath., 
1939 , 40-67; Hansen, Tidsskr. Plan- 

teavl, ^2, 1937, 631-681; Murphy and 
Loughnane, Sci. Proc. Roy. Dublin Soc., 

1936, 419-430; Murphy and Mclvay, 
ibid., 20, 1932, 227-247; Oortwijn Botjes, 
Tijdsch. Plantenziekten, 1939, 25- 
29; Schultz el al., Phytopath., 27, 1937, 
190-197; SO, 1940, 944-951. 

11. Marmor aucuba H. (/oc. cii., 49). 
From New Ijatin Aucuba, a genus of 
plants having mottled foliage. 

Common name: Potato aucuba-mosaic 
virus. 

Hosts: SOLAN ACE AE—Solanum iu- 
berosum L., potato. Experimentally, also 
Atropa belladonna L. (symptomless); 
^^P^icum frutescens L., pepper; Datura 
^Iramonium L., Jimson weed (symptom- 
less); Hyoscyamue niger L., henbane 


(symptomless); Lycopcrsicon esculentum 
Mill., tomato; Petunia kybrida Vilm., 
petunia (symptomless); Nicoiiana ta- 
bacum L., tobacco (symptomless); *So/a- 
nwm dulcamara L., bittersweet; S. nigrum 
L. var. nodijlorum. 

Geographical distribution: United 
States, Great Britain, Europe. 

Induced disease: In potato, yellow 
spots on lower leaves of some varieties; 
in the variety Irish Chieftain, brilliant 
yellow mottle over whole plant, perhaps 
because of simultaneous presence of po¬ 
tato mild-mosaic virus in this variety. 
Necrosis of the cortex and of the pith in 
tubers in many varieties. 

Transmission: By inoculation of ex¬ 
pressed juice. Probably by aphid, My- 
zus persicae (Sulz.) {APIIIDIDAE). 

Serological relationships: No precipitin 
cross-reactions with potato mild-mosaic 
virus, potato-veinbanding virus, tobacco- 
mosaic virus, tobacco-etch virus, tobacco- 
ringspot virus, or pea-mosaic virus. 
Precipitin cross-reactions with the 
Canada-streak strain of potato aucuba- 
mosaic virus. 

Thermal inactivation: At 65 to 68° C 
in 10 minutes. 

Filtcrability: Passes Pasteur-Cham- 
berland Li filter, but not Lj or Ls. 

Literature: Chester, Phytopath., 25, 
1935, 686-701; 27, 1937 , 903-912; Clinch, 
Sci. Proc. Roy. Dublin Soc., 22, 1941, 
435-445; Clinch et al., ibid., 21, 1936, 431- 
448; Dykstra, Phytopath., 29, 1939, 917- 
933. 

Strains: One strain differing from the 
type has been given a varietal name: 

lla. Marmor aucuba var. canadense 
Black and Price. (Phytopath. SO, 1940, 
444 .) From common name of strain. 

Common name: Canada-streak strain of 
potato aucuba-mosaic virus. Differing 
from the type variety by tendency to 
produce necrosis in stems, veins, petioles, 
and leaves and also, about 2 months after 
harvest, in pith of tuber, especially at 
stem end. (Chester, Phytopath, $7, 
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1937, 903-912; Dykstra, Phytopath., 29, 
1039, 917-933.) 

12. Marmor umbelliferarum H. {loc. 
c//.,67). From New Latin Umbelliferae, 
family name of plants among which celery 
is classified. 

Common name: Celery-mosaic virus, 
western celery-mosaic virus. 

Hosts; UMBELLIFERAE—Apium 
gravcolens L., celery and celeriac; Daucus 
carola L., carrot. Experimentally, also 
ArcUiwn grav€olcns L., dill; Anthriscus 
arefolium (L.) Iloflm., salad chervil; 

carcf L., caraway; Coriandruin 
salivmn L.. coriander; Paroselinum hor- 
tense Iloffm., parsley. 

Insusceptible species; Cucumis sativus 
L., cucumber, and all other tested species 
not of the family Umbelliferae. 
Geographical distribution: United 

States (California). 

Induced disease; In celery, at first, 
clearing of veins in young leaves; later, 
foliage yellowed, pi nt stunted, young 
petioles shortened, older petioles hori¬ 
zontal, giving plant a fiat appearance. 
Foliage mottled green and yellow; leaflets 
narrow, twisted or cupped; older leaves 
with some necrosis; petioles with white 
streaks or spots. In celeriac, clearing of 
veins, followed by systemic chlorotic 
mottling. In carrot, chlorotic spotting 
of 5 'oung leaves, followed by systemic 
chlorotic mottling. 

Transmission: By inoculation of ex¬ 
pressed juice, in dilutions to 1:4000. 
No specific insect vector is known, but 11 
species of aphids capable of breeding on 
celery transmit the virus, though they do 
not long retain the power of transmission 
after leaving diseased plants. These vec¬ 
tors are Aphis apigraveolens Essig, A. 
apii Theob., A. fcrrvginea-siriaia Essig, 

A. gossypii Glov., A. viiddletonii Tho¬ 
mas, A. rvmicis Linn., Cavariella cap- 
reae (Fabr.), Myzus ciTC^mflexiis 
(Buckt.), M. convolvuli (Kalt.), M. per- 
sicae (Sulz.), Rhopalosiphum mellifenim 
(Hottes) {APHIDIDAE). Some 


aphids not able to breed on celery also 
transmit this virus. 

Thermal inactivation: At 55 to 60° C 
in 10 minutes. 

Filterability; Passes all grades of 
Chamberland filters. 

Other properties: Virus active after 
storage at —18° C for 18 months. 

Literature: Severin and Freitag, HiL 
gardia, 11, 1938,403-558. 


13. Marmor cruciferarum H. (loc. cih, 
69). From New Latin Cruciferae, family 
name of plants among which cauliflower 
is classified. 

Common name: Cauliflower-mosaic 

virus. 

Hosts; CRUCIFERAE-Brassica ol- 

eracea L., cauliflower, kale, Brussels 
sprouts, cabbage, and broccoli; B. cam 
pestris L., wild yellow mustard; Mai- 
ihiola incana R. Br., annual stock* x 
perimentally, also Brassica adpressa 
Boiss; B. alba Kabenh., white mustard; 
B. arvensis (L.) Ktze., charlock, 
juncea Coss., leaf mustard (one strain not 

susceptible); B. napus L., rape, ^ 
tsai Bailey, pe-tsai; B.nigra Koch, blacK 
mustard; B. rapa L., turnip; Capselia 
bursa-pasloris Medic., shepherd s purse, 
Iberis amara L., rocket candytuft, ept 
dium sativum L., garden cress; Lunarja 
annua L., honesty; Raphanus raphanis- 
iTum L., white charlock; R. salivus L., 

^Insusceptible species: 
ACEAE-Spinacia oleracea 

POSITAE—Laclucasativalj. 

FERAE—Alyssum saxatile L.; 
mariiimum Lam.; Arabis 
Alhycanu, pysillus Greene; 
juncca Coss. (Japanese strain; anot^ 
strain susceptible); Charanthus ck^'^ 
h .; Erysimum perofshamm ^ 

Mey ■ Hesperis matronalis L. ; .Va 

Y-’. " p R. . Roripo naslurltum 

martlima K. or., \ tj-ift • 

Rusby ; Sianleya pinnata{P^ •) 

Thysanocarpus radians L .VA- 

UimSAE-yicia faba L. 

CEAE—Capsicum JruUsems L.. by oper 
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sicon csculenium Mill.; L. pimpinellifol- 
ium Mill.; Nicotiana glutinosa L.; N. 
langsdorjjii Weinm.; N. tabacum L, vars. 
Turkish and White Burley. TROPAE- 
OLACEAE—Tropaeolum majus L. 
IJM BELLI FERAE—Apium graveo- 

len$ L. 

Geographical distribution: United 
States, England. 

Induced disease: In cauliflower, clear¬ 
ing of veins, followed by mild chlorotic 
mottling, veins usually banded with dark 
green, necrotic flecks later in chlorotic 
areas. Midrib curved, leaves distorted. 
Plant stunted; terminal head or curd 
dwarfed. Solanaceous plants appear to 
be immune,apointof distinction between 
this virus and turnip-mosaic virus, Mar- 
moT hrasBicae. 

Transmission: By inoculation of ex¬ 
pressed juice, using carborundum pow¬ 
der. By many aphid species, Brevicoryne 
brassicae (Linn.), cabbage aphid; Rhopa- 
losiphum pseudobrassicae Davis, false 
cabbage aphid; Myztis persicae (Sulz.), 
peach aphid; Aphis graveolens Essig, 
celery leaf aphid; A. apigraveolens Essig, 
celery aphid; A. middletonii Thomas, 
erigeron root aphid; A. gossypii GIov., 
cotton aphid; Cavartella capreae (Fabr.), 
yellow willow aphid; Myzus ctrcumjlexus 
(Buckt.), lily aphid; Rhopalosiphum mel- 
Ijjerum, (Hottes), honeysuckle aphid. 
K^PHIBIDAE). No seed transmission. 

Thermal inactivation: At 75® C in 10 
minutes. 

Literature; Caldwell and Prentice, 
Ann. Appl. Biol., 29, 1942, 366-373, 374- 
379; Hawlins and Tompkins, Phytopath., 
4, 1934, 1147 (Abst.); Tompkins, Jour. 
Agr. Ros., 65, 1937, 33-46. 

14. Manner brasslcae H. (H., loc. 

70; Marmot mallkiolae H., loc. cit., 

•) From New I^tin, Brassica, generic 
name of turnip. 

Common name: Turnip-mosaic virus. 

Hosts: CR VCIFERAE—Brassica 

rapo L., turnip; B. napobrassica Mill., 
swede or rutabaga; B. napus L., rape; B. 


nigra (L.) Koch, black mustard; B. oler^ 
acea L., cabbage; Armoracia rusticana 
Gaertn., horse-radish; Cheiranthus cheiri 
L., w’allflower; MaUhiola incana R. Br., 
stock; Sinapis alba L., wliite mustard. 
Experimentally, also CRUCIFERAE — 
Bertcroa incana (L.) DC.; Brassica alba 
Rabenh., white mustard; B. arvensis 
(L.) Ktze.; B. chinensis L., Chinese cab¬ 
bage; B. juncea (L.) Coss.; Capsella 
bursa-pastoris (L.) Medic.; Cardamine 
hetcrophijlla (Forst. f.) 0. E. Schultz; 
Cheiranthus allionii Hort.; Coronopus 
didymus Smith; Ilesperis matronalis L.; 
Lepidium ruderale L.; L. sativum L., L. 
virginicum L.; Nasturtium ojjicinale R. 
Br.; Neslia paniculata (L.) Desv.; Radi- 
cula palustris (L.) Moench.; Raphanus 
sativus L.; Sisymbrium altissimum L.; 
jS. ojjicinale (L.) Scop.; Thlaspi arvense 
L. CHENOPODIACEAE-Bela vul- 
garis L.; Spinacia oleracea L., spinach. 
COMPOSITAE—Calendula ojjicinalis L. 
Zinnia elegans Jacq. RAN UNCULA- 
CEAE—Delphinium ajacis L. SOLANA- 
CEAE—Lycopersicon pimpinellifolium 
Mill.; Nicotiana bigelovii S. Wats.; N.. 
glutinosa L.; N. langsdorjjii Weinm.; N. 
repanda Willd.; N. rustica L.; N. sylves- 
Iris Speg. and Comes; N. tabacum L., 
tobacco; Petunia hybrida Vilm. 

Geographical distribution: United 
States, England, New Zealand. 

Induced disease: In turnip, systemic 
chlorotic mottling; plants stunted, leaves 
distorted. In tobacco, experimentally, 
characteristic necrotic primary lesions 
only. 

Transmission; By inoculation of ex¬ 
pressed juice. By cabbage aphid, Brevi¬ 
coryne brassicae (Linn.), and by the 
peach aphid, Myzus persicae (Sulz.) 
{APHIDIDAE). 

Thermal inactivation: At 64® C in 10 
minutes. 

Strains: A ronsiderable number of 
strains of this virus appear to occur in 
nature, but those that have been studied 
often have been considered as distinct 
viruses and not compared with each other 
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under identical circumstances. More 
work is needed to show existing alliances. 

Literature : Chamberlain, New Zealand 
Jour. Agr., 53,1936,321-330; New Zealand 
Jour. Science and Technology, 21, 1939, 
212A-223A; Clayton, Jour. Agr. Res., -{0, 
1930, 263-270; Gardner and Kendrick, 
ibid., 22, 1921,123-124; Hoggan and John¬ 
son, Phytopath., ^5,1935, 640-644; Larson 
and Walker, Jour. Agr. Res., 69, 1939, 
367-392;62, 1941, 475-491; Schultz, Jour. 
Agr. Res., 22, 1921,173-178; Smith, Ann. 
Appl. Biol., 22, 1935, 239 - 242 ; Tompkins, 
Jour. Agr. Res., 57, 1938 , 589^02; 68 , 
1939, 63-77; Tompkins el al, ibid., 67, 
1938, 929-943. 

15, Marmor betae H. {loc. at., 72). 

From Latin beta, beet. 

Common name: Sugar-beet mosaic 

virus. 

Hosts: CHENOPODIACEAE--Bela 
vulgaris L., beet; Spinacia oleracea L., 
spinach. 

Geographical distribution: France, 
Denmark,. Germany, Sweden, I'nited 

States, England. 

■ Induced disease: In beet, discrete 
yellowish secondary lesions or clearing of 
veins on young leaves, followed by chlo¬ 
rotic mottling of newly formed leaves. 
Darkening of vascular tissue. Leaves 
bend back near tips, which sometimes 
die Intracellular bodies formed. In 
spinach, 6 to 21 days after infection, 
chlorotic flecks on young leaves. Plant 
stunted, outer leaves killed, dying from 
their tips back. Center of plant survives 

for a time, but finally dies. 

Transmission: By inoculation of ex¬ 
pressed juice, in dilutions to IQ-L By 
aphids, Myzus persicae (Sulz.), ApAis 
rumicis Linn., and perhaps Macrosiphum 

solanifolii Ashm. (= 

(APHIDIDAE). No seed transmis- 
♦ 

Thermal inactivation; At 55 to 60 C 
in 10 minutes. 

Other properties: Inactivated by 
standing in expressed juice for 24 to 48 
hours at about 70® F. 


Literature: Boning, Forsch. Geb. Pflan- 
zenkr. u. Immun. Pflanzenreich, 3, 1927 
81-128; Cent. f. Bakt., II Abt., 71, 1927, 
490-497; Gratia and Manil, Compt. rend. 
Soc. Biol., Paris, 118, 1935, 379-381; 
Hoggan, Phytopath., 23, 1933, 446-474; 
Jones, Washington Agr. Exp. Sta. Bull. 
250, 1931; Lind, Tidsskr. Planteavl, 22, 
1915, 444-457; Robbins, Phytopath., 11, 
1921, 349-365; Schmidt, Ber. Deutsch. 
Bot.Ges., 45,1927,598-601. 


16. Marmor lactucae H. (loc. cH., 84). 
‘om Latin fflciwca, lettuce. 

Common name: Lettuce-mosaic virus. 
Hosts: COMPOS I TAE-Lacluca sa- 
-a L., lettuce; Senecio vulgaris L., 
oundsel. Experimentally, also COM- 
OSITAE—Sonchus asper 
‘ickly sow-thistle. LEGUMII^O r 
■Lathyrus odoraius L., sweet pea; Pisum 
llivum h., pea. 

Insusceptible species; C0il/P05/TA 

■Sonchtis oleraceus L., S. arvensis 
araxacujn officinale Meb., Carduus ar 
■nsis Curt. CRVCIFERAE^Pra.^ 
caoleraceaL. 

ucumis sntivus L. SOLA^iA^ V « 
ycopersicon csc?/fcn(um Mill-. A»co lan 
i6acwm L., A'. gluHnosa L., Dnlur 

ramonium L. . , 

Geographical distribution: Unitea 

fates, England. Germany, 

Induced disease: In lettuce varietie , 

learing of veins followed by s>» 
blorotic mottling, dwarfingand defec . 

carting; sometimes by 

Jges, vein necrosis or necrotic flecking 

etween veins. , - 

Transmission: By "no jf 

ressed juice, in dilutions 
dxed with a little 0.5 per 

alphite solution and a trace o po 

'‘^"ff^f’ltiSverttse'Td- 

rlust the most important sourae 
f primary inoculum m the spn ^ 

Thermal inactivation. At 
110 minutes. 
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Filterability: Fails to pass Li Pasteur- 
Chamberland filter. 

Literature: Ainsworth and Ogilvie, 
Ann. Appl. Biol., 26, 1939, 279-297; dag¬ 
ger, Jour. Agr. Res., 20 , 1921, 737-740; 
Newhall, Phytopath., 13, 1923, 104-106. 

17. Manner dahllae H. {loc. cit., 85). 
From New Latin Dahlia, generic name of 
host plant. 

Common name: Dahlia-mosaic virus. 

Hosts: COMPOSITAE—Dahlia pin- 
nata Cav., dahlia. Experimentally, also 
D. imperialis Roezl.; D. maxonii SafTord. 

Geographical distribution: L'nited 
States, Holland, Germany, England. 

Induced disease: In intolerant varieties 
of dahlia, chlorotic mottling of foliage, 
leaf distortion, dwarfing of all stems and 
of roots, occasionally necrotic streaking of 
midveins. In tolerant varieties, incon¬ 
spicuous chlorotic mottling or masked 
symptoms. 

Transmission: By aphid, Myzus persi- 
cae (Sulz.) (APHIDIDAE). By graft¬ 
ing. Not by inoculation of expressed 
juice. Not through soil. Not through 
seeds from diseased plants. * 

Literature: Brierley, Am. Dahlia Soc. 
Hull., Ser.9, No. 65,1933; Contrib. Boyce 
Thompson Inst., 6, 1933 , 235-288; Gold¬ 
stein, Bull. Torrey Bot. Club, 64, 1927, 
285-293. 

18. Marmor phaseoli H. {loc. cil., 87). 
From New Latin Phaseolus, generic name 
of bean. 

Common name: Bean-mosaic virus. 

Hosts: LEOUMI ms AE—Phaseolus 
tfulgaris L., bean. Experimentally, also 
Phaseolus acjtiifolius Gray var. latifolius 
Freem.; P. aureus Roxb.; P. calcaratus 
Roxb.; P. lunalus L.; Lespedeza striala 
(Thunb.) Hook, and Am.; Vida faba L.; 
V. aailva L., spring vetch. 

Insusceptible species: LEGUMINO- 

SAE Pisum sativum L., garden pea; 
Lalhyrus odoraius L., sweet pea. 

Geographical distribution: World-wide, 
wherever beans are grown. 

Induced disease: In bean, first leaves 


to be affected are crinkled, stiff, chloro¬ 
tic; later leaves show chlorotic mottling; 
leaf margins often rolled down. Opti¬ 
mum temperature for expression of dis¬ 
ease. 20 to 28® C, partial masking at 28 to 
32® C, complete masking at 12 to 18® C. 

Transmission: By inoculation of ex¬ 
pressed juice in dilutions to 1:100D, using 
carborundum or other abrasive powder. 
By aphids. Aphis rumicis Linn., Macro- 
siphuni {= lllinoia) solanifolii Ashm., 
M. pisi Kalt., Aphis gossypii Glov., A. 
medicaginis Koch, A. spiraecola, Brevi- 
coryne brassicac (Linn.), Hyalopterus 
atriplicis Linn., Macrosiphum ambrosiae 
Thos., Rhopalosiphum pseudobrassicae 
Davis, and Myzus persicae (Sulz.) 
{APHIDIDAE). In beans, there is 
seed transmission to 30 to 50 per cent of 
plants grown from infected parents; 
pollen from infected plants is said to 
transmit virus. 

Thermal inactivation : .\t 56 to 58® C in 
10 minutes. 

Literature: Fajardo, Phytopath., 20, 

1930, 469-194, 883-888; Murphy, ibid., 
SO, 1940, 779-784; Murphy and Pierce, 
ibid., 28, 1938, 270-273; Parker, Jour. 
Agr. Res., 62, 1936, 895-915; Pierce, Phy¬ 
topath., 24, 1934, 87-115; Jour. Agr. Res., 
49, 1934, 183-188; 61, 1935, 1017-1039; 
Reddick, II Congr. Intern. Path. Comp., 

1931, 363-366; Reddick and Stewart, 
Phytopath., 8, 1918, 530-534; Richards 
and Burkholder, Phytopath., 33, 1943, 
1215-1216; Wade and Andrus, Jour. Agr. 
Res., 63, 1941, 389-393; Wade and Zau- 
meyer, U. *S. Dept. Agr., Circ. 500,1938; 
Walker and Jolivette, Phytopath., 33, 
1943, 778-788; Zaumeyer and Kearns, 
ibid., 26, 1936, 614-629; Zaumeyer and 
Wade, Jour. Agr. Res., 61, 1935, 715-749. 

19. Marmor leguminosanim H. {loc. 
cil., 89). From New I.Atin Leguminosae, 
family name of pea. 

Common name: Pea-mosaic virus. 

Hosts: LEGUM INOSAE—Latkyrus 
odoratus L., sweet pea; Pisum sativum 
L., pea; Trifolium pratense L., red clover; 
Vida faba L., broad bean. Experiment* 
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ally, also Cicer arietinum L.; Desmodium 
canadcnse (L.) DC.; Lathyrus sativvs L., 
grass pea; Ltipinus albus L., white lupine; 
L. angustifolius, blue lupine; L. densi- 
fiorus Benth.; L. hartivegii Lindl.; L. na¬ 
nus Dougl.; Medicago arahica Huds., 
spotted bur clover; M. hispida Gaertn., 
oothed bur clover; Melilotus alba Desr., 
white sweet clover; indica All., annual 
yellow sweet clover; officinalis (L.) 
Lam., yellow sweet clover; Phascolus 
acutifolivs Gray, tepary bean; P. vulgaris 
L., bean; Trifolivrn agrarium L.; T. caro- 
linianum Michx.; T. dubiurti Sibth.; T. 
glomeratum L., cluster clover; T. hy- 
hridum L.. alsike clover; T. incarnatum 
L., crimson clover; T. procumbens L.; T. 
reflexim L.; T. suaveolcns, Persian 
clover; ricm saliva L., common vetch. 

Insusceptible species: All tested spe¬ 
cies in families other than the Legum- 
inosae. 

Geographical distribution: United 
States, British Isles, Europe, New 
Zealand. 

Induced disease: In pea, clearing of 
veins in young leaves, followed by chloro¬ 
sis of newly formed leaves, stunting of 
plant, and systemic chlorotic mottling. 
In sweet pea, systemic chlorosis and 
chlorotic mottling, flower colors broken. 
In lupine, necrotic streak on one side of 
stem, stunting of plant and bending of 
growing point to injured side. Plant 
soon wilts and dies. In Viciafaba, inot- 
tled leaves contain characteristic iso¬ 
metric crystals in host-cell nuclei (espe¬ 
cially within nucleoli) as well as in cell 

cytoplasm. 

Transmission: By inoculation of ex¬ 
pressed juice, with ease. By aphids, 
Macrosiphvm pisi Kalt., M. solanifolii 
Ashm (* 9^^ Koch), and Aphis 

rumicis Linn. (APK/D/DAE). Not 
transmitted through seed. 

Serological relationships: Specific pre¬ 
cipitin reactions differentiate this virus 
from tobacco-mosaic virus, tobacco-etch 
virus, potato-mottle virus, potato mild- 
mosaic virus, potato aucuba-mosaic virus, 
and tobacco-ringspot virus. 


Thermal inactivation: At 60® C in 10 
minutes. 

Literature: Chester, Phytopath., S6, 

1935, 68&-701; Doolittle and Jones, ibid., 
16, 1925,763-772; Johnson and Jones, Jour. 
Agr. Res., 54, 1937, 629-638; McWhorter, 
Phytopath., 31, 1941, 760-761; Murphy 
and Pierce, ibid., 37, 1937, 710-721; Os¬ 
born, ibid., 37, 1937, 58^603; Pierce, 
Jour. Agr. Res., 51, 1935, 1017-1039, 
Spierenburg, Tijdschr. Plantenz., 

1936, 71-76; Zaumeyer and Wade, Jour. 
Agr. Res., 53, 1936,161-185. 


20. Manner pisi H. {loc. cit., 90). 

From Latin pisum, pea. 

Common name; Pea enation-mosaic 

virus. 

Hosts: LEGVMimSAE-Pisxm sa¬ 
tivum L., pea; Viciafaba L., broad bean. 
Experimentally, also lathyrus odoraius 
L., sweet pea; Soja max (L.) Piper, soy 
bean; Trifolium incarnatum L., crimson 

clov6r* 

Insusceptible species: LEOUM^^^ 
SAE-^Arachis hypogaea L., peanut; 
Medicago saliva L., alfalfa; aloa 

Desr., white sweet clover; 3/. officinalis 
(L.) Um., yellow sweet clover; Phaseo- 
lus aureus Roxb., mung bean; P- vulgart 
L., bean; Trifolium hybridum L., alsike 

clover; T. pratense L., red 
repens L., white Dutch clover, 

ANACEAE-Lycopersicon esculentm 

Mill., tomato; Solanum tuberosum ■. 

’^Geographical distribution: 

States, perhaps Germany. 

Induced disease: In peas, sy 
chlorotic mottling; in some varieties,^ 
Alderman, occasional necrotic spo 
numerous enations on lower surfaces^ 

leaves. Pods distorted. In b^d^ 
systemic chlorotic spotting an 
oileaves- lo sweet pea and 
experimentally, systemic chlorotic m 

Transmission: By inoculatmn of ev 

pressed juice, using oar^rundum^ 

readily fromaphid-moculated p 

from mechanically-inoculated P 
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Infective in dilutions to 10"*. By aphids, 
A/acrosip/iwm pisi Kalt. and M. solani- 
folii Ashm. {= gci Koch) {APUI- 
DIDAE)', with incubation periods of 
about 12 hours before the insects can 
infect. Not through seeds from diseased 
plants. 

Thermal inactivation: At 66® C in 10 
minutes. 

Literature: Boning, Forsch. Geb. Pflan- 
zenkr. u. Imraun. Pflanzenreich, 1927, 
43-111; Johnson and Jones, Jour. Agr. 
Res., 64, 1937, 629-638; Loring et al., 
Proc. Soc. Exp. Biol, and Med., 55, 1938. 
239-241; Osborn, Phytopath., 26, 1935, 
160-177; ;?5,1938,749-7M,923-934; Pierce, 
Jour. Agr. Res., 61, 1935, 1017-1039; 
Snyder, Phytopath., 24 , 1934, 78-80; 
Stubbs, ibid., 27, 1937 , 242-266. 

^1. Manner medicaglnls H. (loc. cil., 
91). From New Latin Medicago, generic 
name of alfalfa (lucerne). 

Common name: Alfalfa-mosaic virus. 

Hosts: LEGUMI NOS AE—Medicago 
saliva L., alfalfa (lucerne). SOLANA- 
CEAE—Solanum tuberosum L., potato. 
Experimentally, also transmissible to 
Wiany species of dicotyledonous plants 
(summarized by Price, Am. Jour. Bot., 
^7, 1940, 530-541) including CUCURB2- 
'2'ACEAE —Cucumis sativus L., cucum¬ 
ber. COMPOSITAE—Zinnia elegans 
Jacq., zinnia. LEGUM I NOS AE~ 
Phaseolus vulgaris L., bean; Trifolium 
incarnalum L., crimson clover. SOL- 
^NACBAE—Capsicum frutescens L., 
pepper; Lycopersicon esculenlum Mill., 
tomato; 2\/icotiana labacum L., tobacco. 

Geographical distribution: United 
States. 

Induced disease: In alfalfa, systemic 
chlorotic mottling, tending to be masked 
at times. In bean, (most varieties) 
small necrotic primary lesions, reddish 
brown at periphery. No secondary le¬ 
sions. Some bean varieties show no 
maions after inoculation; one of these, 
Refugee Rogue, possesses two dominant 
genes either of which will confer this type 
o- resistance. In tobacco, white necrotic 


flecks, small rings and arcs on inoculated 
leaves; later, systemic mottling, followed 
by production of necrotic oak-loaf pat¬ 
terns; virus content may be low in plant.s 
long diseased, especially in summer. 

Transmission: By inoculation of ex¬ 
pressed juice. By aphids, Macrosiphum 
pisi Kalt. (for typical strain) and M. 
solanifolii .Ashm. (for potato-calico 
strain) {APHIDIDAE). Not through 
seeds from diseased plants. 

Immunological relationships: Resis¬ 
tance to superinfection with tlie type of 
this virus is conferred by earlier infection 
with potato-calico virus (now considered 
a related strain but earlier regarded as 
distinct), but not by earlier infection 
with potato-mottle virus, cucumber- 
mosaic virus, or the Canada-streak strain 
of potato aucuba-mosaic virus. 

Thermal inactivation : .At 65 to 70® C in 
10 minutes. 

Other properties: Sedimentation con¬ 
stant, 73.9 ± 5.2 X 10"*’ cm. per sec. 
in a unit centrifugal field. Specific 
volume 0.673. Particles spherical or 
nearly so. Diameter 16.5 millimicrons; 
weight 2.1 X 10® times hydrogen unit. 
Isoelectric point about pH 4.6. Inacti¬ 
vated an{l, more slowly, hydrolyzed by 
trypsin. 

Literature: Black and Price, Phyto¬ 
path., SO, 1940,444-447; Kauffer and Ross, 
Jour. Am. Chem. Soc., 62, 1940,3296-3300, 
Pierce, Phytopath., 24, 1934, 87-115; 
Price, Am. Jour. Bot., 27, 1940, 530-541; 
Ross, Phytopath., SI, 1941, 394-110, 410- 
420; Wade and Zaumeyer, Jour. .Am. Soc. 
Agron., 32, 1940, 127-134; Zaumeyer, 
Jour. Agr. Res., 56, 1938, 747-772, 

Strains: At least one strain of alfalfa- 
mosaic virus was formerly considered as 
an independent virus, causing a disease 
known as calico in potato. It has now 
been given varietal rank and distin¬ 
guished from the type, var. lypicum 
Black and Price (Phytopath., SO, 1940, 
446) by the following name: 

21a. A/armor medicaginis var. solani 
Black and Price (Phytopath., SO, 1940, 
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446). From New J^atin iSolanum, gen¬ 
eric name of potato. 

Common name : Potato-calico strain of 
alfalfa-mosaic virus. Differing from the 
type by inducing a more severe disease in 
Ix>tato, in which it is commonly found in 
nature. (Price and Black, Phytopath., 
30,1940,444-447; Dykstra, 29, 1939, 
917-933; Porter, Potato Assoc. Ainer. 
Proc., 18, 1931,65-69; Hilgardia, 6, 1931, 
277-294; 9, 1935 , 383-394.) 

22. Manner tulipae II. {loc. cil., 52). 
From New Latin Tulipa, generic r^ine of 
tulip. 

Common name: Tulip color-adding 
virus. 

Hosts: LlLl ACEAE—Tulipa gesneri- 
ana L., garden tulip; T. cichlcri Kegel; 
T. greigiliegel. 

Insusceptible species: AMAHYLLl- 
D AC EAE—Narcissus sp., narcissus. 
IRIDACEAE—Iris germanica L., iris. 
LILIACEAE—Allium cepa L., onion. 
SOLAN ACE AE—N icoliana tabacum L., 
tobacco. 

Geographical distribution: Wherever 
hybrid tulips arc grown. 

Induced disease: In tulip, no obvious 
effect on leaves but dark striping of flower 
by pigment intensification. Little inter¬ 
ference with growth of plant. No intra¬ 
cellular bodies. 


23. Manner mite H. (loc. cit.f 53). 
From Latin mitis, mild. 

Common name: Lily latent-mosaic 

virus. 

Hosts: LILIACEAE—Liliim amabile; 
L. auratum Lindl.; L. canadense L.; L. 

candidum L.; L. cernuum; L. chalccdoni- 
cum L.; L. croceum Chaix.; L. davmotliae; 
L. elegans Thunb.; L. formosanum 
Stapf.; L. giganlcum; L. henryi Baker; L. 
leucanthum; L. longiflorum Thunb.; L. 
myriophyllum; L. pumilum; L. regale 
Wils.; L. sargeniiae Wils.; L. speciosum 
Thunb.; L. superhum L.; L. Icslaceum 
Lindl.; L. ligri-num Ker; L. umbellaium 
Hort.; L. wallacei; Tulipa gesnerianah., 
garden tulip; T. clusiana Vent.; T. Uni- 
folia Rcgel. ^ 

Insusceptible species: LILIACEAE— 
Allium cepa L., onion; Lilium kansoni 
Leichtl. IRIDACEAE—Iris germanica 
L., iris. SOLAN ACE AE—Nicotianaia- 

bacum L., tobacco. 

Geographical distribution: Wherever 

lilies and tulips are cultivated. 

Induced disease: In Easter lily, masked 
symptoms or systemic chlorotic mottling, 
in either case without necrotic flecking. 
In tulip, systemic chlorotic mottling m 

foliage and flower “breaking” 
moval, except in a few varieties in whicn 
color intensification occurs instead), in¬ 
tracellular bodies characterize invaded 


Transmission: By hypodermic injec¬ 
tions of expressed juice in dilutions to 
IQ-L By aphids, J/(/zMSpersicae (Sulz.), 
Macrosiphum solanifolii Ashm. (= M- 
gei Koch, Illinoia solanifolii Ashm.), 
Aphis (= Anuraphis) tulipae B. de 
Fonsc. (on bulbs), and perhaps MacrosU 
phum pelargonii Kalt. (APHIDIDAE). 
Not through seeds from diseased plants. 

Thermal inactivation : At 65 to 70® C in 
10 minutes. 

Literature: Hughes, Ann. Appl. Biol., 
18, 1931, 16-29 ; 21, 1934, 112-119; Mc¬ 
Whorter, Phytopath., 22, 1932 , 998 
(Abst.); 25, 1935 , 898 (Abst.); Ann. 
Appl. Biol., 25, 1938, 254-270. 


ismission: By inoculation of ex- 
d juice (rubbing surface of leaves), 

h lily and tulip. By plugging and 

ig of dormant bulbs of tulip. By 
Myzus persicae (Sulz-)? Mocro 

n solanifolii Ashm* {— ^ ^ 

,and Aphis (= Anuraphis) tuUp<^ 

, Fonsc. (APHIDIDAE). ^ 
;h seeds from mosaic Lilium longi 

rmal inactivation: At 65 to 70 C 

ninutes. . _ «.* 

nature: Atana^ff, Bull. Soc^ 

.ie,2,1928.51-60; Brierley,Ph^ 

29, 1939, 3 (Abst.); 50, 1940, 
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257 ; 5/, 1941, 838-843; Brierley and Doo¬ 
little, ibid., SO, 1940, 171-174; Cayley, 
Ann. Appl. Biol., 15, 1928, 529-539; 15, 
1932, 153-172; Guterman, Hort. Soc. N. 
Y., Yearbk., 1930, 51-102; Hall, Card. 
Chron., 9S, 1933, 330-331; Hughes, Ann. 
Appl. Biol,. 21, 1934, 112-119; McKay 
and Warner, Nat. Hort. Mag., 12, 1933, 
179-216; McWhorter, Phytopath., 26, 
1935, 898 (Abst.); Science, 86, 1937, 179; 
Ann. Appl. Biol., 25, 1938, 254-270; 
Science, 88, 1938, 411; Ogilvie and 

Guterman, Phytopath., 19, 1929 , 311-315. 

24. Manner iridis H. {loc. cit., 55). 
From New I^atin Iris, generic name of 
iris. 

Common name: Iris-mosaic virus. 

Hosts: IRIDACEAE—Iris fdijolia 
Boiss., I. lingiiana Boiss. and Rent., and 
I.xiphium L., bulbous irises; Iris ricardi 
Hort.; 7. unguicularis Poir.; bearded 
iris, variety William Mohr. 

Insusceptible species: SOLA N A- 
CEAE—Lycopersicon esculentutn Mill., 
tomato; Nicotiana tabacum L., tobacco; 
Petunia hybrida Vilm., petunia. LILIA- 
CEAE—Tulipa gesneriana L., tulip. 

Geographical distribution: United 
States (Washington, Oregon, California), 
Holland, Bulgaria, France, Kngland. 

Induced disease: In bulbous irises, 
dwarfing of plant, chlorotic mottling of 
foliage, breaking of flowers. Rate of 
increase in planting stock decreased. 
Flower breaks usually darker than normal 
color of flower. Vacuolate intracellular 
bodies in some affected tissues. 

Transmission: By injection of freshly 
extracted juice of diseased plants into 
internodal tissue. By aphids, Macro- 
siphum (= Ulinoia) solanifolii Ashm. 
and Myzus persicae (Sulz.) (APHIDI- 
DAE). 

Literature: Brierley and McWhorter, 
Jour. Agr. Res., 6S, 1936, 621-635. 

25. Marmor saccharl H. (loc. cit., 60). 
From New Latin Saccharum, generic 


name of sugar cane, froni Latin sac- 
charum, sugar. 

Common name: Sugar-cane mosaic 
virus. 

Hosts ; GRAM INEAE—Saccharum of- 
ficinaram L.,sugar cane; IIolcus sorghum 
L., sorghum; H. sudanensis Bailey, 
Sudan grass; Brachiaria plalyphylla 
Nash; Chaetochloa magna Scribn.; C. ver- 
ticillala Scribn.; Paspalum boscianum 
Fluegge; Syntherisma sanguinale Dulac. 
Experimentally, also Zea mays L., corn 
(maize); Chaetochloa lutescens Stuntz; 
Echinochloa crusgalli Bcauv.; Miscanthus 
sinensis Anderss., culalia; Panicum di- 
chatomijlorum Michx.; Pennisetum glau- 
cum R. Br., pearl millet; Saccharum 
narenga Wall. 

Insusceptible species: All tested spe¬ 
cies other than Gramineae. 

Geographical distribution: Originally 
in Far East; now in nearly all countries 
where sugar cane is grown; believed still 
to be absent from Miuiritius. 

Induced disease: In sugar cane, sys¬ 
temic mottling chlorosis, light areas of 
pattern elongated, but crossing veins. 
Occasionally, stem cankers. Regularly, 
discoloration and necrosis in mature inner 
stalk tissues. Vacuolate intracellular 
bodies occur in diseased tissues. Canes 
sometimes recover, siwntaneously losing 
the virus and becoming susceptible to 
reinfection. 

Transmission: By inoculation of ex¬ 
pressed juice (puncture through inocu¬ 
lum into young leaf). By aphids, Aphis 
maidis Fitch, Carolinaia cyperi Ainslie, 
Jlysteroneura setariae (Thomas), and 
Toxoptera graminum Rond.; not by 
Sipha Jlava Forbes {APIIIDIDAE). 
Not by Draeculacephala mollipes (Say) 
{CICADELLIDAE). 

Serological relationships: Specific neu¬ 
tralizing and precipitating antibodies 
have been demonstrated. 

Thermal inactivation: At 53 to 54® C in 

10 minutes in leaf tissues. 
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Other properties: Active after storage 
27 days at —6° C. 

Literature: Brandes, Jour. Agr. Res., 
19, 1920, 131-13S, 517-522; 24, 1923. 247- 
262; Desai.. Current Science, 3, 1935, 18; 
Forbes and Mills, Phytopath., S3, 1943, 
713-718; Ingram and Summers, Jour. 
Agr. Res., 52, 1936, 879-888; Kunkel, 
Bull. E.\p. Sta. Hawaiian Sugar Planters’ 
Assoc., Bot. Ser., S, 1924, 115-167; Matz, 
Jour. Agr. Res., 46, 1933, 821-839; Rafay, 
Indian Jour. Agr. Science 5, 1935, 663- 
670; Scin, Jour. Dept. Agr. Porto Rico, 
14, 1930, 49-68; Stoneberg, U. S. Dept. 
Agr., Tech. Bull. 10, 1927; Tate and 
Vandenberg, Jour. Agr. Res., 69, 1939, 
73-79. 

26. Marmor cepae H. (loc. cit., 66). 
From I.>atin cepa, onion. 

Common name: Onion yellow-dwarf 
virus. 

Host: LILIACEAE—Allium cepa L., 
onion (the variety viviparum Metz, is 
symptomless when infected and may 
serve as an unrecognized reservoir of 
virus). 

Geographical distribution: United 
States, Germany, Czecho-Slovakia, Rus¬ 
sia, New Zealand. 

Induced disease: In onion (most varie¬ 
ties), yellow streaks at base of developing 
leaf, followed by yellowing, crinkling, 
and flattening of newly formed leaves; 
leaves prostrate, flower stalks bent, 
twisted, stunted; plants reduced in size, 
bulbs small, yield of seeds reduced. A 
few varieties of onion are relatively 
tolerant, and the tree-onion, var. vivi- 
paruin is symptomless after infection. 

Transmission: By inoculation of e.x- 
pressed juice. By 48 of 51 tested species 
of aphid, principally Aphis rumicis Linn., 
A. maidis Fitch, and Rhopalosiphum 
prunifoliaeEitch (APHIDIDAE). Not 
through seeds from diseased plants. Not 
by contaminated soil. 

Thermal inactivation: At 75 to 80° C 
in 10 minutes. 

Other properties: Virus withstands di¬ 
lution to 10“^, storage at 29° C for about 


100 hours and storage at —14° C for more 
than time tested (6 hours), but is inacti¬ 
vated by drying in leaf tissues. 

Literature: Andreyeff, Rev. Appl. 
Mycol., 17, 1938, 575-576; Blattny, Och- 
rana Rostlin, 10, 1930, 130-138; Bremer, 
Phytopath. Ztschr., 10, 1937, 79-105; 
Brierley and Smith, Phytopath., 34, 1944, 
506-507; Chamberlain and Baylis, New 
Zealand Jour. Science and Technology, 
21, 1939, 229A-236A; Drake et al., Iowa 
State Coll. Jour. Science, 6, 1932, 347- 
355; Jour. Econ. Ent., 26, 1933 , 841-846; 
Henderson, Phytopath., 20, 1930, 115 
(Abst.): Iowa State Coll., Research 
Bull. 188, 1935, 211-255; Melhus et al., 
Phytopath., 19, 1929, 73-77; Porter, U. 
S. Dept. Agr., Plant Dis. Rept., 12, 1928, 
93; Tate, Iowa State Coll. Jour. Science, 
14, 1940, 267-294. 

27. Manner sclllearum Smith and 
Brierley (Phytopath., 34, 1944 , 503.) 
From New Latin Scilleae, name of tribe 
in which hosts are classed. 

Common name: Ornithogalum-mosaic 
virus. 

Hosts: LILIACEAE (of the tribe 
Scilleae)— Ornithogalum Ihyrsoides Jacq.; 
probably also Galtonia candicans Decne.; 
Hyacinthus orienlalis L., hyacinth; La- 
chenalia sp. 

Insusceptible species: LILIACEAE 
(of the tribe Scilleae)— Muscari botry- 
oides Mill.; Scillaperuviana L.; Camassia 
leichtlinii (Baker) S. Wats.; Hyacinthus 
azureus (Fenzl.) Baker. AMARYLLI- 
DACEAE—Pancraliim maritimum; Ze- 
phyranthiis sp. IRIDACEAE Tri- 
tonia crocata (L.) Ker. LILIACEAE— 
Agapanihus africanus; Allium cepa, 
onion; A. cernuum Roth.; A. fisUdosum 
L.; A. porrum L.; Gloriosa rolhschildiana 
O’Brien; Lilium Jormosanum StapL; and 
L. longijloTum. SOLAN ACE AE Ni- 
cotiana tabacum L. 

Geographical distribution: Unite 
States (Oregon; probably also Alabama 
and presumed to be widespread in plants 
of the squiU tribe, Scilleae, of the family 
LILIACEAE). 
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Induced disease: In Ornitkogalumthyr- Transmission: By inoculation of ex- 
soides, young leaves finely mottled with pressed juice in the presence of fine 
light and dark green, and becoming more carborundum powder, with difficulty, 
conspicuously mottled with gray or yel- By aphids, dp/iis gossypii Glov., Macro- 
low as the leaves mature; flower stalks siphumliliiMoneW.M.solanifoliiAshm.f 
sometimes boldly marked with light and and Myzus pcrsicae (Sulz.); less effici- 
dark green blotches. In perianth seg- ently by Myzus circumfiexus (Buckt.) 
ments, thin longitudinal streaks. {APHIDIDAE). 

Key to the species of the Miscellaneous Mosaic-Virus Group. 

Many of the following viruses, although described in some detail in the literature, 
stand in need of reinvestigation to determine additional properties and possible rela¬ 
tionships to preceding groups. 

I. Affecting species of 

28. Marmor abutilon. 

II. Affecting species of CELASTRACEAE. 

29. Marmor euonymi. 

in. Affecting species of OLEACEAE. 

30. Marmor ligustri. 

IV. Meeting species of LEGVMINOSAE (and no. 39, other families also). 

31. Marmor laburni. 

32. Marmor arachidis. 

33. Marmor irifolii. 

34. Marmor packyrhizi. 

35. Marmor vignac. 

36. Marmor repens. 

37. Marmor fastidiens. 

38. Marmor iners. 

39. Marmor ejficiens. 

V. Affecting species of GRAMINEAE. 

40. Marmor tnttci. 

41. Marmor graminis. 

VI. Affecting species of il/C/SAC.EAS. 

42. Marmor abaca. 

VII. Affecting species of PASSIFLORACEAE. 

43. Marmor passtflorae. 

VIII. Affecting species of ROSACEAE. 

44. Marmor fiaccumfaciens. 

45. Marmor rosae. 

46. Marmor veneniferum. 

47. Marmor malt. 

48. Marmor fragariae. 

49. A/armor marginans. 

60. Marmor rubi. 

51 . Marmor perstcae. 

62. Marmor astri. 

53. A/armor rubiginosum. 

54. Marmor cerasi. 

65. Marmor lineopictum. 

66 . Afarmor pallidolimbatua. 

67 . Marmornerviclarens. 
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IX. Affecting species of VITACEAE. 

58. Marmor viiicola. 

X. Affecting species of SANTALACEAE. 

59. Marmor saniali. 

XI. Affecting species of CONVOLVULACEAE and, experimentally, of other 
families. 


60. Marmor secretum. 

XII. Affecting species of GERANlACEAE. 

61. Marmor pelargonii. 

XIII. Affecting species of SOLA NACEAE and in most cases also of other families. 

62. Marmor angliae. 

63. Marfnor aevi. 

64. Marmor raphani. 

XIV. Affecting species of PRIMULACEAE. 

65. Marmor primulae. 

XV. .Affecting species of MORACEAE. 

66. Marmor caricae. 

XVI. Affecting species of RUTACEAE. 

67. Marmor italicum. 


28. Marmor abutilon H. {loc. cii., 50). 
From New Ijitin Abutilon. generic name 
of a host. 

Common name : Ahutilon-mosaic virus. 

Hosts : MAL\'ACEAE—Abutilon stri- 
aturn Dicks, var. thompsonii Veitch. 
Experimentally, also Abutilon arboreum 
Sweet; A. avicennae Gaertn.; A. esculen- 
turn St. Hil.; .4. indicurn Sweet; A. in- 
signe Planch.; A. megapotamicum St. Hil. 
and Naud.; A. regnellii Miq.; .4. sellowi- 
anuni Regel; .4. venosum Lem.; .4. viti- 
folium Presl.; Althaea ficijolia Cav.; A. 
oificinalis L.; A. rosea Cav.; Anoda has- 
tala Cav.; Kitaibelia vitifolia Willd.; 
Malva borealis; .M. crispa; M. mauritiana 
Mill.; M. sylvestris L.; M. verticillata L.; 
Malvastrum capense Garcke; Modiola d€- 
cumbens G. Don.; Sida mollis Herb.; S. 
napaea Cav.; Sidalcea Candida A. Gray. 

Insusceptible species: MALVACEAE 
—Althaea taurinensis; Sidalcea purpurea; 
Sphaeralcea umbellata G. Don. 

Geographical distribution: Germany, 
France, England, United States; orig¬ 
inally obtained from a single variegated 
seedling found among green plants of 
Abutilon striatum impK)rted from the 
West Indies in 1868 by Veitch and Sons; 
subsequently the infected plant Visll 


propagated vegetatively as an ornamental 
variety. 

Induced disease: In AbxUilon, systemic 
chlorotic mottling. Recovery occurs if 
there is persistent removal of affected 
leaves, suggesting that the virus does not 
increase in stems. After recovery, plants 
are susceptible to reinfection. 

Transmission: By grafting, except 
patch-bark-grafting, which is ineffective. 
Occasionally through seeds from diseased 
plants. Not by inoculation of expressed 
juice. No insect vector is known. 

Varieties: Distinctive strains have 
been noted, but not separately named; 
one isolate originally occurring in Abutx- 
lon darwini var. tesselatum, seems to be¬ 
long here; it differs from the type princi¬ 
pally in severity of induced disease and 
in ability to infect Lavatera arhorea. 

Literature: Baur, Ber. d. Deutsch. Bot. 
Gesellsch., 22, 1904 , 453-460 ; 24, 1906, 
416-428; 25, 1907, 410-413; K. Preuss. 
Akad. Wiss., Sitzungsber., 1906, 11-19; 
Davis, Ann. Missouri Bot. Card., 

1929, 145-226; Hertzsch, Ztschr. f. Bot., 
20, 1927, 65-85; Keur, Phytopath., 2S, 
1933, 20 (Abst.); ^4,1934,12-13 (Abst.); 
Bull. Torrey Bot. Club, 61, 1934, 53-^ 
Lindemuth, Gartenflora, 51, 1902, 323- 

• 
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29. Manner euonymi H. (/oc. cit., 51). 

From New IjatinJ?»onym)/s, generic name 

of host. 

Common name: Euonymus-musaic 
virus. 

Hosts: CELASTRACEAE—Eiiony- 

mus japonica L. f. (sometimes written 
Evonymus japonicus) . Probably also h. 
radicans Sieb. 

Geographical distribution: Germany. 
Induced disease: In Euonyjnus japon¬ 
ica, persistent yellowing along veins. 
Transmission: By grafting. 

Literature: Baur, Ber. d. Deutsch. 
Hot. Gesellsch., 36a, 1908, 711-713; 
Rischkow, Biol. Zentralbl., 4?. 1927, 
752-764. 

30. Marmor ligustri H. {he. cit., 52). 
From New Latin Ligustrum, generic 
name of host, from Latin ligustrum, 
ancient name of privet plant. 

Common name: Ligustrum-mosaic 

virus. 

Host: OLEACEAE—Ligustrum vul- 
gare L., common privet. 

Geographical distribution: Germany. 
Induced disease: Systemic chlorotic 
spotting. 

Transmission: By grafting. Not 
through seeds from diseased plants. 

Literature: Baur, Ber. d. Deutsch. 
Bot. Gesellsch., 26, 1907, 410-413. 

31. Marmor labuml H. {loc. cit., 51). 
From generic name of a host plant, 
Labumu?n vulgare. 

Common name: Laburnum-mosaic 
virus. 

Hosts: LEOUMINOSAE—Laburrium 
vulgare Griseb. (— L. anagyroides Med¬ 
ic.), bean tree. Experimentally, also 
Cytisus kirsutus L. 

Insusceptible species: LEOUMI^O- 
SAE—Laburnum alpinum Griseb.; Cy- 
Hsus purpureus. 

Geographical distribution: Germany. 
Induced disease: Systemic chlorotic 
variegation. 

Transmission: By bark grafts or by 


budding. Not through seeds from dis¬ 
eased plants of Laburnum vulgare. 

Literature: Baur. Ber. d. Deutsch. 
Bot. Gesellsch., 35, 1907, 410-413. 

32. Marmor arachidis H. {loc. cit., G7). 
From New Latin Arachis, generic name 
of peanut. 

Common name: Peanut-rosette virus. 
Host: LEGVMINOSAE—Arachis hy- 
pogaea L., peanut. 

Geographical distribution: Union of 
South Africa, Madagascar, Tanganyika 
Territory, Uganda, Senegal, Gambia, 

Sierra I^eone, Java. 

Induced disease: In peanut, yellowing 
of young leaves, at first with green veins; 
reduction in leaf size, petiole length, and 
internode length, producing rosette; 
curling and distortion of later-formed, 
wholly chlorotic or chlorotically mottled 
leaflets. Seed formation inhibited. No 
abnormal proliferation of tissues. 

Transmission; By grafting. By both 
winged and wingless individuals of the 
aphid Aphis laburniK&\t. (= A.legum- 
inosae Theob.) {APHIDIDAE). Not 
by 13 tested species of leafhoppers. Not 
by inoculation of expressed juice. Not 
through seed from diseased plants. Not 
through soil. 

Literature; Hayes, Trop. Agr., 9, 1932, 
211-217; McClintock, Science, 46, 1917, 
^y_ 4 g. Soyer, Publ. Inst. Nat. £)tud. 
Agron. Congo.Beige, S6r. Sci., 21, 1939, 
23 pages (Rev. Appl. MycoL, 19, 1940, 
386 Abst.); Storey and Bottomley, Ann. 
Appl Biol., 16, 1928, 26-45; Zimmerman, 
Der Pflanzer, 5, 1907, 129-133 ; 9, 1913, 

59-63. 

33 . Marmor trifolii H. {loc. cil., 93). 
From New Latin Trijolium, generic name 
of red clover, from Latin trifolium, clover. 

Common name: Red-clover vein-mo¬ 
saic virus. 

Hosts; LEGUMINOSAE—Trifohum 
praiense L., red clover; Lathyrus odoratus 
L., sweet pea; Viciafaba L., broad bean. 
Experimentally, also Trifolium hybridum 
L.,alsike clover; T. incamatum L., crim- 
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son clover; T. repens L., white clover; 
Mclilotus alba Desr., white sweet clover; 
Pisum sativum L., pea. 

Insusceptible species: LEGUMINO- 
SAE—Phaseolus vulgaris L., bean; P. 
aureus Roxb., mung bean; Medicago sati- 
va L., alfalfa. SOLAN ACE AE — Lyco- 
persicon esculentum Mill., tomato; Nico- 
liana tabacurn L., tobacco; N. glutinosa 
L.; N. langsdorjjii Weinm.; N. rustica 
L.; N. sylvcslris Spegaz. and Comes; 
Solanum tuberosum L., potato. 

Geographical distribution: United 
States. 

Induced disease: In red clover, yellow 
coloralong veins, but no mottling. Some¬ 
times small yellow spots in interveinal 
areas. Little or no stunting. In Vida 
faba, experimentally, necrotic splotches 
or rings sometimes at site of inoculation. 
Clearing of veins followed by appear¬ 
ance of whitish bands along the veins. 
Stalks discolored, purplish. Diseased 
plants are stunted and often die back to a 
point near the base of the stalk, inducing 
new growth from buds on the stem. 

Transmission: By inoculation of ex¬ 
pressed juice, using carborundum. By 
aphid, Macrosiphum pisi Kalt. {APHI- 
DIDAE), without incubation period and 
without long retention. Not by aphids, 
Macrosiphum solanifolii Ashm. (= M. 
gei Koch) or Aphis rumicis Linn. 
{APHIDIDAE). 

Thermal inactivation: At 60® C in 10 
minutes. 

Literature: Osborn, Phytopath., ;?7, 
1937, 1051-1058; Zaumeyer, Jour. Agr. 
Res., 56y 1938; 747-772; Zaumeyer and 
Wade, Phytopath., 27, 1937, 1009-1013. 

34. Marmor pachyrhizi spec. nov. 
From New Latin Pachyrhizus, generic 
name of sincamas. 

Common name: Sincamas-mosaic virus. 

Host: LEG UMINOSAE-Pachyrhi- 
zus erosus (L.) Urb., sincamas (yam 
bean). 

Insusceptible species: LEGUMINO- 
SAE—Phaseolus vulgaris.h., bean. 


Geographical distribution: Philippine 
Islands. 

Induced disease: In sincamas, chlorotic 
mottling of foliage; in plants infected 
when young, dwarfing. 

Transmission: By inoculation of ex¬ 
pressed juice, in the presence of sand as 
abrasive. Through about 25 percent of 
the seeds from infected plants. Not 
through soil, interlacing of roots, or casual 
contacts of leaves and stems. No insect 
vector is known. 

Literature; Fajardo and Maranon, 
Philippine Jour. Science, ^8, 1932, 129- 
142. 

35. Marmor vignae spec. nov. From 
New Latin Vigna, generic name of cow- 
pea, from family name of an Italian 
botanist, Domenico Vigna. 

Common name: Cowpea-mosaic virus. 

Hosts: LEGUMINOSAE—Vigna sin¬ 
ensis (L.) Endl., cowpea. Experimen¬ 
tally,also Phaseolus lunatus L., lima bean. 

Geographical distribution: United 
States (Arkansas, Oklahoma, Louisiana, 
Indiana, Georgia, Iowa, Mississippi, Kan¬ 
sas, New Jersey). 

Induced disease: In cowpea, clearing of 
veins followed by chlorotic mottling, 
slight convex cupping of leaflets, short¬ 
ened internodes, abortion of flowers, 
twisting of petioles, delayed maturity. 
Malformation of leaves, stunting of 
plants, and reduction of yield more pro¬ 
nounced in some varieties of cowpea than 
in others. 

Transmission; By inoculation of ex¬ 
pressed juice, especially in the presence 
of fine carborundum powder. By aphids, 
Macrosiphum solanifolii Ashm., M. pwi 
Kalt., Aphis gossypii Glov. {APPIEl- 
DAE ): not by various beetles nor by the 
bean leafhopper, Empoasca fabae LeB. 
iCICADELLIDAE). Through 5 per 
cent of seeds from infected cowpea plants. 

Thermal inactivation: At 72 to 75 

in 10 minutes. , 

Other properties: Infectious “ 

tions as high as 1:1000 and after 2 days 
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storage in expressed juice at room tem¬ 
perature, 20 to 25® C. 

Literature: Elliott, Phytopath., 11, 
1921, 146-148; Gardner, Indiana Acad. 
Science Proc., S6, 1927, 231-247 ; 37, 1928, 
417; McLean, Phytopath., 31, 1941, 420- 
430; Smith, Science, 60, 1924, 268. 

36. Manner repens Johnson. (Phyto¬ 
path., SB, 1942,114.) From Latin repens, 
unlooked for, in reference to unexpected 
discovery of this virus as a constituent of 
a complex formerly regarded as a single 
virus, so-called “white-clover mosaic 
virus’*. 

Common name : Pea-wilt virus. 

Hosts: LEGUMINOSAE—TriJolium 
repens L., white clover. Experimen¬ 
tally,also Laihyrus odoratus L., Lens escti- 
tenia Moench.; Lupinus albns L.; Medi- 
cago lupulina L.; Meliloius alba Desr.; 
Phaseolus aureus Roxb., mung bean; P. 
vulgaris L., bean; Pisum salivum L., pea; 
Trifolium hybridum L.; T. incarnatum 
L.; T. pratense L.; Vicia faba L.; V. 
saliva L.; Vigna sinensis (L.) Endl., 
cowpea. 

Insusceptible species: CARYOPIIYL- 
LACEAE—Stellaria media (L.) Cyrill. 
CHENOPODIACEAE—Beta vulgaris 
L.; Spinacia oleracea L. COMPOSI- 
TAE—Callistephus chinensis Nees; Lac- 
tuca saliva L.; Taraxacum officinale 
Weber; Zinnia elegans Jacq. CRUCI- 
FERAE —Bar6arco vulgaris R. Br.; 
Brassica oleracea L.; Raphanus saiivus 
L. CUCVRBITACEAE—Cucumis sa¬ 
livas L. GRAMINEAE—Zea mays L. 
LEGUMINOSAE—Glycine max Merr,; 
Lupinus hirsulus L.; Medicago saliva 
L. LILIACEAE—Lilium formosanum 
Stapf. PLANTAGINACEAE-Plan- 
lago lanceolala L.; P. major L. POLY- 
GOl^ ACEAE—Rumex aceiosella L. 
SCROPHVLARIACEAE — Antirrhi¬ 
num majus L. SOLAN ACE AE — Da¬ 
tura stramonium L.; Lycopersicon escu- 
lentum Mill.; Nicoiiana glutinosa h.; N. 
rustica L.; N. sylveslris Spegaz. and 
Comes; N. tabacum L.; Solanum nig¬ 
rum L. 


Geographical distribution: United 
States (Washington). 

Induced disease: In white clover,sys¬ 
temic chlorotic mottling. In pea, experi¬ 
mentally, originally infected leaves wilt 
and die, remaining attached to the stem 
by their shriveled petioles; a few adjacent 
lower leaves may also w’ilt and die; in 
most varieties the top foliage remains 
green, but in two varieties, Alaska and 
Canada White, it mottles faintly; stems 
show faint grayish discoloration; plants 
are retarded in growth and dwarfed. If 
pea-mottle virus, 3/armor efficiens John¬ 
son, is also present, a severe streak dis¬ 
ease occurs. Intracellular inclusions ab¬ 
sent. In mung bean, experimentally, 
necrotic zonate local lesions. In cowpea, 
experimentally, brown necrotic local 
lesions in inoculated primary leaves, 
diffuse areas of bleaching in uninoculated 
trifoliate leaves. In bean, experimen¬ 
tally, mild chlorotic mottling except in 
three varieties that appear insusceptible 
(varieties Ideal Market, Kentucky Won¬ 
der, and Navy Robust). 

Transmission: By inoculation of ex¬ 
pressed juice. Not by dodder, Cuscuta 
campestris Yunck. {CONVOLVULA- 
CEAE). Not by pea aphid, Macro- 
siphum pisi Kalt. (APHIDIDAE). 
No insect vector is known. 

Thermal inactivation : At 58 to 60® C in 

10 minutes. 

Filterability: Passes Berkefeld W filter 
candle. 

Other properties: Infectious in dilution 
of 1:100,000. Not inactivated by storage 
in juice of infected plants at about 25® C 
for one month or by similar storage in 
dried tissues of infected pea plants. 

Literature: Johnson, Phytopath., 32, 
1942,103-116; Pierce, Jour. Agr. Res., SI, 
1935, 1017-1039. 

37. Manner fastidlens spec. nov. 
From Latin fastidiens, disdaining, in 
reference to slight irregularities in the 
reported host ranges of constituent 
strains and failure of this virus to infect 
certain varieties of the pea although it 
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may utilize many other varieties of this 
species as host. 

Common name: Alsike-clover mosaic 
virus. 

Hosts: LEGUMISOSAE—Trifolivm 
hjhridum L., alsike clover; Fisum sati¬ 
vum L., pea (except the varieties Horal, 
Perfection, and Surprise). Experimen¬ 
tally, also Crotalaria striata DC.; C. 
retusa L.; and C. spectabilis Roth (the 
two last-named species are reported to be 
insusceptible to the type strain of the 
virus, but susceptible to one or more of 
the other tested strains); Lupinus albus 
L.; L. angusiifolius L.; }[edicago sativa 
L.; Mclilolus alba Desr.; Phaseolus vul¬ 
garis L., bean; Trifolium incarnalum L.; 
T. pratense L.; Vida faba L. 

Insusceptible species: iSOL.LVA- 
CEAE—Datura stramonium L.; Nico- 
tiana glauca Graham; X. glutinosa L.; 
N. tabaevm L.; Petunia hybrida Vilm. 
LEGUMINOSAE—Phaseolus aureus 
Roxb., mung bean; P. lunatus L., sievn 
bean; Soja max (L.) Piper, soybean; 
Trifolium repens L., white clover; Vida 
sativa L., spring vetch. 

Induced disease: In pea and bean, ex¬ 
perimentally, systemic chlorotic mot¬ 
tling; some isolates kill inoculated leaves 
and even cause death of infected plants. 

Transmission: By inoculation with ex¬ 
pressed juice, at dilutions to liGGOO or 
1:8000. No insect vector is known. 

Thermal inactivation : At 60 to 65® C in 
10 minutes; one strain at lower tempera¬ 
ture, 54 to 58® C. 

Strains: Several strains have been dis¬ 
tinguished by the severity of their effects 
on host plants. These may be charac¬ 
terized as follows: var. fastidiens, var. 
nov., type variety, the first of the strains 
to be described (originally known as 
alsike clover mosaic virus 1), induces mild 
disease in pea, does not infect red clover; 
var. mite, var. nov., described as pea 
mosaic virus 4, induces mild symptoms 
on pea, infects red clover; var. reprimens, 
var. nov., described as pea mosaic virus 
5, stunts peas severely; var. denudans, 
var. nov., described as alsike clover mosaic 


virus 2, defoliates pea plants. Varietal 
names from New Latin fastidiens, epithet 
of the species, and from Latin mitis, mild; 
reprimere, to restrain; and denudare, to 
denude; all three in reference to induced 
symptoms. 

Literature: 4Vade and Zaumeyer, Phy¬ 
topath., 38, 1938, 505-511; Zaumeyer, 
Jour. Agr. Res., 60, 1940,433-452. 


38. Marraor iners spec. nov. From 
Latin iners, sluggish or inert, in reference 
to failure of the virus to spread systemi- 
cally in certain of its hosts. 

Common name: Pea-streak virus. 

Hosts: LEGUMINOSAE-Pisum sa¬ 
tivum L., pea. E.xperimentally, also 
Galega o^inalis L., goat’s rue; Glycine 
soja Sieb. and Zucc., soya bean; Lathyrus 
odoratus L., sweet pea; Lotus kispidiiS 
Desf.; Lupinus angusiifolius L., blue 
lupin; L. luteus L., yellow lupin; L. 
mutabilis Sweet; Phaseolus vulgaris L., 
bean; Trifolium arvense L., haresfoot 
trefoil; T. cernuum Brot., noddingclover, 
T. fragiferum L., strawberry clover; T. 
glomeraium L., cluster clover; T. kyhri- 
dum L., alsike clover^ T. pratense L., red 
clover; T. repens L., white clover; Victa 
villosa Roth., hairy vetch. CUCUR¬ 
BIT ACE A E—Cucumis melo L., rock 
melon; C. sativus L., cucumber; Cucur- 


la pepo L., marrow. 

Insusceptible species: CHENOPODI- 
CEAE—Spinada oleracea L., spinach; 
eta vulgaris L., beet. COMPOSITA.E 
Calendula officinalis L., calendula; 
wtuca saliva L., lettuce; Zmnm elegans 
cq., zinnia. CRUCIFERAE-Brass- 
z napus L., swede; B. oleracea L., ca 
ge; B. rapa L., turnip; Malihiola m- 
na R. Br., stock; Raphanus sativus L., 
Wshi Sisymbrium officinale (L.) Scop-. 
dge mustard. LEGUMIXOSA 
•achis hypogaea L., peanut; Lathyri^ 
ifolius L., perennial sweet pea; • 
bescens Hook, and Arn., Argen m 
eet pea; Lotus comiculalus L.; 
jorens Sims, tree lupin; Medicag 

xbica Huds.; M- sativa L., 

fa); Phaseolus miilUflorus Willd., ru 
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ner bean; Trifolium striatum L., striated 
clover; T. sxibterraneum L., subterranean 
clover; Vida faba L., broad bean. 
PLANTAGINACEAE — Plantago 
lanceolata L., plantain. SCROPIIU- 
LARIACEAE—Antirrhinum majus L. 
SOLANACEAE—Cyphomandra betacea 
Sendt., tree tomato; Datura stramonium 
L., Jimson weed; Nicotiana glauca U. 
Grab.; N. rusiica L., Turkestan tobacco; 
N. tabacum L., tobacco; Physalis peru¬ 
viana L., Cape gooseberry; Solaninn 
nigrumL.,black nightshade. TROPAE- 
OLACEAE—Tropacolum majus L., nas- 
turtium. VM BELLI FERAE—Apium 
graveolens L., celery. 

Geographical distribution: New Zea¬ 
land. 

Induced disease : In the pea, stunting, 
wilting of young leaves, purple or purple- 
brown spotting on young leaves, dark 
streak on stem. Near tip, stem may die. 
Stem becomes brittle, tip bent to one 
side. Pods may remain flat and turn 
dark purple or purple-brown, or if already 
formed may show purple or purple-brown 
markings. Older leaves turn yellow, 
then brown and shrivelled. Infected 
plants usually die within two or three 
weeks. In inoculated plants small brown 
primary lesions, rapidly increasing in size 
especially along veins, eventually involve 
the whole leaf; petiole and stem streak 
follows. Among garden peas, the varie¬ 
ties Pride of the Market, Little Marvel, 
Wm. Massey and Autocrat are little af¬ 
fected; among field peas, the varieties 
Unica and White Ivory are equally resis¬ 
tant. In cucumber, experimentally, 
numerous brown, necrotic local lesions, 
each with light colored center and sur¬ 
rounding light-yellow halo. In bean, 
experimentally, local and systemic necro¬ 
sis, stem streak, death of plant. 

Transmission: By inoculation of ex¬ 
pressed juice, best with an abrasive pow¬ 
der such 03 fine sand. Not by Myzus 
persicae (Sulz.), Macrosiphum solani 
{APHIDIDAE), nor Thrips tabaci 
Lind. {THRIPIDAE), No insect vec¬ 
tor is known. 


Thermal inactivation: -\t 78 to 80® C 
in 10 minutes. 

Filterability; Passes Mandler filters of 
preliminary, regular, and fine grades. 

Other properties: Dilution end point 
1:10®. Not inactivated at room tem¬ 
perature in 41 days. 

Literature: Cliamberlain. New Zea¬ 
land Jour. Science and Technology, 20, 
1930, 3C5.\-381A. 

39. Mannor efladens Johnson. (Phy¬ 
topath., 32, 1942, 114.) From Latin 
effidetis, effective, in reference to ability 
of this virus to cause mottling in all tested 
varieties of pea in contrast with inability 
of pea-wilt virus, a second constituent of 
the complex earlier known as “white- 
clover mosaic virus,” to produce such 
chlorotic symptoms in tested varieties 
other than Alaska and Canada White. 
Common name; Pea-mottle virus. 
Hosts; LEGUMINOSAE—Trifoliutn 
repens L., white clover; Pisum sativum 
L., pea. Experimentally, also CARYO- 
PIIYLLACEAE—Stcllaria medm (L.) 
Cyrill. CHE^OPODIACEAE-Spin- 
ada oleracca L., spinach. CUCURBI- 
TACEAE—Cucumis satirus L. LE- 
GUMINOSAE—Laihyrus odoratus L.; 
Lens esculenla Moench.; Lnpinus albus 

L. ; L. hirsutus L.; Medicago lupulina L.; 

M. saliva L., alfalfa (lucerne); Melilotus 
alba Desr.; Phaseolus aureus Roxb.; P. 
vulgaris L., bean; Trifolium hybridum 
L.; T. incaimntum L.; T. pretense L.; 
Vida faba L.; V. saliva L. SCRO- 
pIIULA R1ACEAE—Anlirrkinu7n ma¬ 
jus L. 

Insusceptible species: CHENOPODl- 
ACEAE—Beta vulgaris L., sugar beet. 
COMPOSITAE--Callislepkus chinensis 
Nees; Lactuca saliva L.; Taraxacum ojji- 
dnale Weber; Zinnia elegans Jacq. 
CRUCIFERAE—Barbarea vulgaris R. 
Br.; Brassica oleracea L.; Raphanus 
sa'livus L. GRAMINEAE—Zea mays 
L. LEGUMINOSAE—Glydne max 
Merr.; Vigna sinensis (L.) Endl. LlLl- 
ACEAE—Lilium formosanum Stnpf. 
PLAINT AGIN ACEAE — Planlago 
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lanceoJata L.; P. major L. POLYGON- 
ACEAE—RumexacetoseUa L. SOLAN- 
ACE AE—Datura stramonium L.; Lyco- 
persicon esculentum Mill.; Nicotiana 
glutinosa L.; N. rustica L.; N. sylvestris 
Spogaz. and Comes; N. tabacum L.; 
Solanum nigrum L. 

Geographical distribution: United 
States (Washington). 

Induced disease: Experimentally, in 
pea, developing leaves late in opening; 
clearing of veins, chlorotic spotting, 
stunting, chlorotic mottling; stipules 
mottled; stems, pods, and seeds appear 
normal. If pea-wilt virus {Marmor re¬ 
pens Johnson) is also present, a severe 
streak disease occurs. Intracellular in¬ 
clusions absent. In bean, light yellow 
spots and clearing of veins. In spinach, 
severe chlorotic mottling, dwarfing. In 
alfalfa, streaks of yellowing along veins, 
chlorotic mottling. 

Transmission: By inoculation of ex¬ 
pressed juice. By dodder, Cuscuta cam- 

pesirisYimck.iCONVOLVULACEAE). 

Not by pea aphid, Macrosiphum pisi 
KaM. {APHIDIDAE). No insect vec¬ 
tor is known. 

Thermal inactivation: At 60 to 62° C 
in 10 minutes. 

Filterability: Passes Berkefeld W filter 
candle. 

Other properties: Infectious in dilu¬ 
tion of 1:10,000 and after storage in ex¬ 
pressed juice or dried tissues for one 
month at about 25° C. 

Literature: Johnson, Phytopath., S2, 
1942, 103-116; Johnson and Jones, Jour. 
Agr. Res., 64t 1937,629-638; Pierce, ibid.y 
61, 1935, 1017-1039; Zaumeyerand Wade, 
ibid., 61, 1935, 715-749. 

40. Mannor tritici H. (loc, cit., 61). 
From Latin trilicum, w’heat. 

Common names: Wheat-mosaic virus, 
wheat-rosette virus. 

Hosts: GRAMINEAE—Trilicum aes- 
tivum L., w’heat; Secale cereale L., rye. 
Experimentally, also all tested species of 
the tribe Hordeae; Trilicum compaclum 
Host; T. iurgidum L.; T. durum Desf.; 


T. dicoccum Schrank; T. spelta L.; T. 
polonicum L.; T. monococcum L., Hor- 
deum vulgare L., barley. 

Insusceptible species: GRAMINEAE 
—Bromus inermis Leyss., awnless brorae- 
grass (of the tribe Fesluceae). 

Geographical distribution: United 
Stales, Japan. 

Induced disease: In wheat, systemic 
chlorotic mottling, with dwarfing in some 
varieties; vacuolate, rounded intracellu¬ 
lar bodies in diseased cells, usually close 
to nucleus. Some selections of Harvest 
Queen wheat are resistant. 

Transmission: Through soil; remains 
infectious in soil 6 or more years. By in¬ 
oculation of expressed juice (needle punc¬ 
tures in stem). Not through seeds or 
stubble of diseased plants. No insect 
vector is known. 

Thermal inactivation: Contaminated 
soil becomes incapable of infecting wheat 
plants if heated for 10 minutes at 60° C 
though not if heated for the same length 
of time at 50° C. 

Literature: Johnson, Science, 95, 1942, 
610; McKinney, Jour. Agr. Res,, 2S, 1923, 
771-800; U. S. Dept. Agr., Bull. 1361, 
1925; U. S. Dept. Agr., Circ. 442, 1937; 
Jour. Agr. Res., 40, 1930, 547-556; Mc¬ 
Kinney et al., ibid., 26, 1923, 605-608; 
Wada and Hukano, Agr. and Hort., 9, 

1934, 1778-1790 (Rev. Appl. Mycol., 

1935, 618, Abst.); Jour. Imp. Agr. Exp. 
Sta., 5, 1937, 93-128 (Rev. Appl. Mycol., 
16, 1937, 665, Abst.); Webb, Jour. Agr. 
Res., S5, 1927, 587-614; S6, 1928. 53-75. 

41. Manner graminls McKinney. 
(Jour. Washington Acad. Sci., 34, 1944, 
325.) From Latin gramen, grass. 

Common name: Brome-grass mosaic 

virus. 

Hosts: GRAMINEAE—Bromus tner- 
mis Leyss., awnless brome-grass. Ex¬ 
perimentally, also Trilicum aeslivum L., 
wheat; Avenn snffya L., oat. 

Geographical distribution; United 
States (Kansas). 

Induced disease: In awnJeM brome- 
grass, systemic chlorotic mottling of t e 
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type commouly called yellow mosaic be¬ 
cause of the distinctly yellow color of the 
chlorotic areas in affected leaves. 

Transmission: By inoculation of ex¬ 
pressed juice or of aqueous suspensions 
of dried diseased tissues; not inactivated 
by drying in diseased tissues for at least 
51 days. No insect vector is known. 

Literature: McKinney et al., Phyto¬ 
path., S2, 1942, 331. 

42. Mannor abaca H. (/oc. cit., 63). 
From common name of host plant. 

Common name; Abaci bunchy-top 
virus. 

Host: MUSACEAE—Mtisa texiilis 
Nie, abaci (Manila hemp plant). 

Insusceptible species: MUSACEAE — 
Musa sapientum L. vars. cinerea (Blanco) 
Teodoro, cojtipTessa (Blanco) Teodoro, 
lacatan (Blanco) Teodoro, and suat'cofcns 
(Blanco) Teodoro; M. cavendishii Lamb. 

Geographical distribution: Philippine 
Islands. 

Induced disease: In abaci (Manila 
hemp plant), chlorotic lines and spots 
along veins of young leaves, followed by 
growth of distorted leaves, successively 
shorter, narrower, stiffer, and more 
curled along their margins. The green 
areas of mottled leaves, petioles, and leaf 
sheaths are darker than normal. Newly 
formed diseased leaves unfurl early, but 
are short, producing the bunchy top that 
is referred to in the common name of the 
disease. 

«• 

Transmission: By the aphid, Penla- 
Ionia nigronervosa Coq. {APHIDI- 
DAE), vector also of the apparently dis¬ 
tinct banana bunchy-top virus of Aus¬ 
tralia. The incubation period of abaci 
bunchy-top virus in this aphid is between 
24 and 48 hours in length. The progeny 
of viruliferous aphids do not receive the 
virus directly, but must feed on diseased 
plants before they can infect healthy 
abaci. Transmission by inoculation of 
expressed juice has not been demon¬ 
strated. No soil transmission. 
Literature; Oefemia, Am. Jour. Bot., 


17, 1930, 1-18; Philippine Agriculturist, 
22, 1934, 567-581. 

43. Manner passiflorae H. (loc. cil., 
77). From New Latin PassiJIora, generic 
name of passion fruit. 

Common name: Passion-fruit woodi- 
ness virus. 

Ho.sts: PASSIFLORACEAE-Passi- 
fiora cdulis Sims, passion fruit; P. coeru- 
lea L. Experimentally, also P. ulhn 
Link and Otto. 

Insusceptible species: SOLAN A- 
CEAE—Datura stramonium L.; Lycoper- 
sicon esculenlumM'iW., tomato; Nkoliana 
glutinosa L.; N. labacum L., tobacco. 

Geographical distribution: Australia 
(New Sout h Wales, Queensland, Victoria), 
Kenya. 

Induced disease: In passion fruit, 
growth checked; leaves puckered, sliglit ly 
chlorotic or obscurely mottled, curled, 
twisted, deformed. Clearingof veins has 
been observed. Color of stems darker 
green than normal in some places. Fruits 
short or deformed, discolored, surface 
sometimes roughened by cracks; so hard 
as not to be cut through readily. Peri¬ 
carp or rind of fruit abnormally thick. 
Pulp deficient, color deepened. At tem¬ 
peratures below 80® F, some abscission of 
young chlorotic leaves; above 85® F, 
masking of the disease in most plants. 

Transmission: By inserting cotton in 
stem wound after soaking it in expressed 
juice of diseased plant. By aphids, My- 
zus persicae {Su\z.), Macrosiphum solani- 
folii Ashm., and two dark-colored species 
of the genus Aphis (APHIDIDAE). 

Literature: Cobb, Agr. Gaz. New South 
Wales, 12, 1901,407-418; Noble, Jour, and 
Proc. Roy. Soc. New South Wales, 62, 
1928, 79-98; Noble and Noble, ibid., 72, 
1939 , 293-317; Simmonds, Queensland 
Agr. Jour., 4S, 1936, 322-330. 

44. Manner flaccumfaciens H. {loc. 
cit., 73). From Latin ftaccus, flabby, and 
facers, to make. 

Common names: Rose-wilt virus, rose 
dieback virus. 
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Hosts: ROSACE AE—hosa hybrids, 
roses. 

Geographical distribution: Australia, 
especially Victoria; New Zealand; possi¬ 
bly Italy. 

« « 

Induced disease: In ro.se, leaflets crowd 
ed, brittle, recurved. Defoliation pro¬ 
gresses from tip to base of plant. Tips of 
branches <liscoli>r and die back an inch or 
two. Stem darkens at base. Buds re¬ 
main green and begin development, 
but growth is .soon checked by necrosis at 
tips. Plant may recover temi)orarily, 
but not permanently. 

Transmission: By inoculation of ex¬ 
pressed juice (needle-puncture and 
scratch methods). No insect vector is 
known. 

Filterability: Passes Seitz filter (Seitz 
EK Schichten type, size 6). 

Literature: Gigante, Boll. Staz. Pat. 
Veg. Roma, n. s. 16, 1936, 76-94; Grieve, 
.\ustral. Jour. Exp. Biol, and Med. 
Science, 5, 1931, 107-121; Jour. Dept. 
Agr. Victoria, 1932 and 1933, pages 30-32. ‘ 

45. Marmor rosae H. (loc. cit., 74). 
From Latin rosa, rose. 

Ommon name: Rose-mosaic virus. 

Hosts: ROSACE AE—Rosa rugosa 
Thunb.; R. chinensis Jacq. var. manelli 
Dipp.; R. multiflora Thunb.; R. odorata 
Sweet, tea rose; R. gymnocarpa; Rubus 
parviflorus Nutt. 

Geographical distribution: United 
States, England, Bulgaria, Brazil. 

Induced disease: In Rosa rugosa and R. 
chinensis var. manetti, systemic chlorotic 
mottling. 

Transmission: By budding and other 
forms of graftage. Not by inoculation of 
expressed juice. No insect vector is 
known. 

Literature: Baker and Thomas, Phyto¬ 
path., 32, 1942, 321-326; Brierley, Phyto¬ 
path., 25, 1935, 8 (Abst.); Brierley and 
Smith, Am, Nurseryman, 72, 1940, 5-8; 
Jour. Agr. Res., 61, 1940,625-660; Kramer, 
Revista de Agricultura, 15, 1940, 301-311; 

O Biologico, 6, 1940, 365-368; McWhorter, 
U. S, Dept. Agr., Plant Dis, Rep., IS, 


1931, 1-3; Milbrath, West. Florist, IS, 
1930, 29-30; Nelson, Phytopath., 20, 1930, 
130 (Abst.); Newton, Rep. Domin. Bot., 
1930, Div. Bot., Canad. Dept. Agr., 1931, 
23; Thomas and Massey, Hilgardia, 12, 
1939, 645-663; Vibert, Jour. Soc. Imp. et 
Cent. Hort., 9, 1863, 144-145; White, 
Phytopath., .2.?, 1932, 53-69; 24, 1934, 
11^4-1125. 


46. Marmor veneniferum H. {loc. cit., 
75). From Latin venenifer, poisonous, in 
reference to occasional killing of tissues 
near inserted bud in graft transmission. 

Common name: Rose-streak virus. 

Hosts: ROSACEAE—Rosa multiflora 
Thunb.; R. odorata Sweet; /?osahybrids. 

Geographical distribution: Eastern 
United States. 

Induced disease; In various rose species 
and hybrids, brownish or reddish ring and 
vcinbanding patterns on leaves, and ring 
patterns on stems. Sometimes necrotic 
areas near inserted bud, causing girdling 
of stem and wilting of foliage. 

Transmission: By grafting. Not by 
inoculation of expressed juice. No insect 
vector is known. 

Literature: Brierley, Phytopath., ^5, 
1935, 7-8 (Abst.); Brierley and Smith, 
Jour. Agr. Res., 61, 1940, 625-660. 


47 . Marmor mall H. (loc. cil., 75). 
‘om Latin mafws, apple tree. 

Common name: Apple-mosaic virus. 
UosXs : ROSACEAE-Pyrus malus L., 

,ple. Experimentally, also Coioneast^ 
irroviana; Eriobolrya japomca LindL. 
auat; Photinia arbutifolia Lindl.. 

yon; Rosa sp., rose; 

Insusceptible species: ROSACEA 
melanchier alnifolia Nutt.; Cralaeg 

T.inHl • Purus communis L., 


graphical distribution: United 
, Australia, Bulgaria, British Isles, 
reed disease : In apple, clearing o 
and systemic chlorotic 
hlorotic areas sometimes becom 
ic during months of intense sun- 

rsmission; By grafting. No insect 
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vector is known. Transmission by in¬ 
oculation of expressed juice has not been 
demonstrated. 

Thermal inactivation: Not demon¬ 
strated. Virus in stem tissues with¬ 
stands at least 50® C for as much as 60 
minutes without being inactivated. 

Literature: Blodgett, Phytopath., ^5, 
1938, 937-938; Bradford and Joley, Jour., 
Agr. Res., 1933, 901-908; Christoff, 
Phytopath. Zeitschr., 7, 1934, 521-536; 8, 
1935, 285-296; Thomas, Hilgardia, iO, 
1937 , 581-588. 

48. Manner fragariae II. {loc. ci<.,78). 
From New' Latin Fragaria, generic name 
of strawberry, from Latin fraga, straw¬ 
berries. 

Common name: Strawberry-crinkle 
virus. 

Hosts; ROSACEAE—Fragaria hy¬ 
brids, cultivated strawberries. Experi¬ 
mentally, also Fragaria vesca L., wood¬ 
land strawberry. 

Geographical distribution: United 
States, England. 

Induced disease: In cultivated straw¬ 
berry, crinkling and chlorosis of leaves. 
At first, minute chlorotic flecks appear in 
young leaves. These flecks enlarge, and 
small necrotic spots may appear in their 
centers. Vein-clearing appears fre¬ 
quently. Affected foliage lighter and less 
uniformly green than normal. The vari¬ 
ety Royal Sovereign may appear normal 
through carrying this virus. 

Transmission : By aphid, Myzusfragae- 
folii Ckll. (= Capitophorus Jragariae 
Theob.) {APHIDIDAE). By grafting. 
Not by inoculation of expressed juice. 

Literature: Harris, Ann. Rept. East 
Mailing Res. Sta. for 1936, 1937, 201-211, 
212-221; ibid., for 1937, 1938, 201-202; 
Harris and Hildebrand, Canad. Jour. Res., 
C, 15, 1937, 252-280; Ogilvie et al., Ann. 
Rept. Long Ashton Res. Sta. for 1933, 
1934, 96-97; Vaughan, Phytopath., 23, 
1933, 738-740; Zeller, Oregon Agr. Exp. 
Sta,, Sta. Bull. 319, 1933; Zeller and 
Vaughan, Phytopath., 22, 1932, 709-713. 


-19. Marmor marginans 11. [loc. cil., 
79). From Latin marghiarc, to j)rovide 
with a margin. 

Common name: Strawberry yellow- 
edge virus. 

Hosts: ROSACE AE—Fragaria hy¬ 
brids, strawberries; Fragaria californica 
C. and S.; F. chiloensis Duch. (symptom¬ 
less). Experimentally, also Fragaria 
vesca L.; F. virginiana Duch. (some 
clones appear to be immune to infection 
by runner inarching). 

Geographical distribution: United 
States, England, France, New Zealand. 

Induced disease: In strawberry, plant 
appears flat with outer zone of leaves more 
or less normal, central leaves dwarfed, 
yellow-edged, deficient in red pigmenta¬ 
tion. The variety Premier may carry 
this virus without showing any obvious 
manifestation of disease. 

Transmission: By aphid, Myzusfragae- 
/o/a Ckll. (APHIDIDAE). By graft¬ 
ing. Not by inoculation of expressed 
juice. Not through seeds from diseased 

plants. 

Literature: Chamberlain, New Zealand 
Jour. Agr., 42, 1934, 226-231; Harris, 
.Jour. Pom. and Hort. Science, 11, 1933, 
56-76; Harris and Hildebrand, Canad. 
Jour. Res., C, 15, 1937, 252-280; Hilde¬ 
brand, ibid., C, 19, 1941, 225-233; Plaki- 
das, Phytopath., 16, 1926, 423-426; Jour. 
Agr. Res., S6, 1927, 1057-1090. 

50. Marmor rubi H. (Holmes, loc. cit., 
80; Poecile rubi McKinney, Jour. Wash¬ 
ington Acad. Science, 34, 1944, 148.) 
From Latin rubus, bramble bush. 

Common name; Red-raspberry mosaic 

virus. 

Hosts: ROSACEAE—Rubus idaeus 
L., red raspberry; R- occidentalis L., 
black raspberry. 

Geographical distribution: United 
States. 

Induced disease: In red raspberry, sys¬ 
temic chlorotic mottling, masked at high 
temperatures of summer. Foliage de¬ 
velopment delayed in spring. In some 
varieties, leaf petioles and cane tips die, 
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canes remain short and become rosetted. 

Transmission i By aphids, principally 
Amphorophora rubi Kalt., but also A. 
rvbicola Oestl. and A. sensoriaia Mason 
{APIIIDIDAE). Not by inoculation 
of expressed juice. 

Literature: Bennett, Michigan Agr. 
Exp. Sta., Tcchn. Bull. 80, 1927; 125, 
1932; Cooley, New York Agr. Exp. Sta. 
(Geneva), Bull. 675, 1936; Harris, Jour. 
Pom. and Hort. Science, 11, 1933,237-255; 
17, 19-10, 318-343; Rankin, New York 
Agr. Exp. Sta., Geneva, Bull. 543, 1927; 
New York Agr. Exp. Sta., Geneva, Tech. 
Bull. 175,1931, 

# 

51. Marmor perslcae H. (Holmes, loc. 
cit., 81; Flavimacula persicae McKinney, 
Jour. Washington Acad. Science, 84, 1944, 
149.) From New Latin Persica, former 
generic name of peach. 

Common name: Peach-mosaic virus. 

Hosts: ROSACEAE—Pmnus persica 
(L.) Batsch, peach and nectarine, all 
tested varieties. Experimentally, also 
P. armeniaca L., apricot; P. communis 
Fritsch, almond; P. domesiica L., plum 
and prune. 

Insusceptible species: Attempts to in¬ 
fect sweet and sour cherries have thus 
far failed. 

Geographical distribution: United 
States (Colorado, California, Utah, Ok¬ 
lahoma, Texas, New Mexico, Arizona). 

Induced disease; In peach, short inter- 
nodes in spring growth, sometimes break¬ 
ing in flower pattern, chlorotic mottling 
and distortion of foliage early in season, 
masking of leaf symptoms or excision of 
affected areas of leaf lamina in midsum¬ 
mer; fruit small, irregular in shape, un¬ 
salable. Some peach varieties are less 
damaged than others, but all are thought 
to be equally susceptible to infection, and 
equally important as reservoirs of virus 
when infected. In almond, experimen¬ 
tally, symptomless infections; symptoms 
appear in some apricot and plum varieties 
when experimentally infected, not in 
others. 

Transmission: By budding and other 


methods of grafting. Not by inoculation 
of expressed juice. Not through soil. 
No insect vector is known. Not through 
pollen or seed from diseased plants. 

Thermal inactivation: Not demon¬ 
strated; virus not inactivated by tem¬ 
peratures effective in inactivating peach- 
yellows virus. 

Literature: Bodine, Clolorado Agr. Exp. 
Sta., Bull. 421,1936; Bodine and Durrell, 
Phytopath., St, 1941, 322-333; Cation, 
ibid., 1934, 1380-1381; Christoff, 
Phytopath. Ztschr., It, 1938, 360-422; 
Cochran, California Cultivator, 87, 1940, 
164-165; Cochran and Hutchins, Phyto¬ 
path., 88, 1938, 890-892; Hutchins, Sci¬ 
ence, 76, 1932, 123; Hutchins et al., U. 
S. Dept. Agr., Circ. 427, 1937, 48 pp.; 
Kunkel, Am. Jour. Bot., 8S, 1936, 683- 
686 ; Phytopath., 88, 1938, 491-497; 
Thomas and Rawlins, Hilgardia, 18, 1939, 
623-644; Valleau, Kentucky Agr. Exp. 
Sta., Bull. 327,1932, 89-103. 


52. Marmor astrl H. {loc. cit., 83). 

From Latin astrum, star. 

Common name: Peach asteroid-spot 

virus. 

Host: ROSACEAE—Prunus persica 

(L.) Batsch, peach. 

Geogj^phical distribution: California. 
Induced disease: In peach, discrete 
chlorotic lesions spreading along veins, 
forming star-like spots; developing leaves 
normal in appearance, becoming affected 
as they mature. Some chlorophyll re¬ 
tained in lesions as leaves turn yellow. 
Affected leaves shed early. 

Transmission; By grafting. Not by in¬ 
oculation of expressed juice. No insect 

vector is known. oi. 

Literature: Cochran and Smith, Phyto¬ 
path., 38, 1938, 278-281. 


J. Marmor rublginosum Reeves. 

.ytopath.. SO, 1940, 789.) From Latm 

iginosus, rusty. , 

ommon name: Cherry rusty-mottle 

fast: ROSACEAE-Prunus avium L., 

et cherry. 
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Geographical distribution: United 
States (Washington). 

Induced disease: In sweet cherry, 
chlorotic mottling 4 to 5 weeks after full 
bloom, first on small basal leaves, later on 
all leaves. The older affected leaves de¬ 
velop autumnal colors and absciss, 30 to 
70 per cent of the foliage being lost. 
The remaining foliage appears somewhat 
wilted, shows increased mottling, chlo¬ 
rotic spots, and areas becoming yellowish 
brown, appearing rusty. Blossoms nor¬ 
mal. Fruits smaller than normal, in¬ 
sipid, not misshapen. Grow'th rate of 
tree reduced slightly. 

Transmission: By grafting. Not by 
inoculation of expressed j uice. No insect 
vector is knowm. 

Literature: Reeves, Phytopath., SO, 

1940, 789 (Abst.); Jour. Agr. Res., 62, 

1941, 555-572 (see 566-567). 

54. Manner cerasi Zeller and Evans. 
(Phytopath., SI, 1941, 467.) From Latin 
cerasus, cherry tree; originally spelled 
cerosae, by error. 

Common name: Cherry mottle-leaf 
virus. 

Hosts: ROSACEAE—Prunus avium 
L., sweet cherryj P. emarginata (Dougl.) 
Walp., wild cherry. Experimentally, 
also P. cerasns L. (tolerant) and P. mr?- 
haleb L. (tolerant). 

Geographical distribution: United 
States (Washington, Oregon, Idaho, Cali¬ 
fornia) and Canada (British Columbia). 

Induced disease: In sw'eet cherry, chlo¬ 
rotic mottling; leaves puckered, wrinkled, 
distorted, not perforated. Blossoms not 
affected. Fruit small, hard, insipid, un¬ 
even or delayed in ripening. Crop re¬ 
duced. Branches shortened, tree even¬ 
tually stunted. 

Transmission: By budding. No insect 
vector is known. Not by the black 
cherry aphid, ilfyzua cerasi (F.) (APH/- 
OIDAB). Not by inoculation of ex¬ 
pressed juice. 

Thermal inactivation: Not demon¬ 
strated ; not at 46® C in 60 minutes nor at 
49® C in 10 minutes in bud sticks. 


Literature: Reeves, Washington State 
Hort. Assoc. Proc., SI, 1935, 85-89; Jour. 
Agr. Res., 62, 1941, 555-572; Zeller, Ore¬ 
gon State Hort. Soc. Report, 26, 1934, 
92-95; Phytopath., 31, 1941, 463-467. 

55. Manner llneopictum Cation 

(Phytopath., SI, 1941, 1009.) From 
Latin tinea, line, and pictus, ornamented. 

Common names: Prunus line-pattern 
virus, peach line-pattern virus. 

Hosts: ROSACEAE—Prunus salicina 
Lindl., Japanese plum; P. mahaltb L., 
Mahaleb cherry; P. persica (L.) Batsch, 
peach (= Amygdalus pcrsica L.). 

Geographical distribution: United 
States (Kentucky, Michigan, California, 
Ohio; perhaps widely distributed). 

Induced disease: In peach and Ma- 
halcb cherry, light-colored line patterns 
or faint chlorotic mottling, tending to 
become masked as leaf becomes old. In 
peach, affected foliage sometimes less 
glossy than normal. In Prunus salicina, 
no disease manifestations usually; rarely, 
chlorotic mottling on a few leaves. 

Transmission: By grafting. No insect 
vector is know'n. 

Literature: Berkeley, Div. of Bot. and 
Plant Path., Science Service, Dominion 
Dept. Agr., Ottawa, Canada, Publ. 679, 
1941; Cation, Phytopath., SI, 1941, 1004- 
1010; Thomas and Rawlins, Hilgardia, 
12, 1939,623-644; Valleau, Kentucky Agr. 
Exp. Sta., Res. Bull. 327, 1932, 89-103. 

56. Marmor pallidolimbatus Zeller and 
Milbrath. (In Handbook of Virus Dis¬ 
eases of Stone Fruits in North America, 
Michigan Agr. Exp. Sta., Miscell. Publ., 
May, 1942, 50; Phytopath., 32, 1942, 
635.) From Latin pallidus, pale, and 
limbalus, bordered. 

Common name: Cherry banded-chloro¬ 
sis virus. 

Hosts: ROSACEAE—Prunus serru- 
lata Lindl., flowering cherry; P. avium 
L., Mazzard cherry. 

Geographical distribution: United 

States (Pacific Northwest). 

Induced disease: In flowering cherry, 



\m 


MANUAL OF DKTERMINATIVF BACT?:K10L0GV 


clilorutic bands surrounding discolored 
areas on leaves. In Mazzard cherry, 
dwarfing of whole plant, chlorotic bands 
on leaves. 

Transmission: By budding, even in the 
absence of survival of inserted buds. 

57. Marmor nervlclarens Zeller and 

Evans. (Phytopath., 31, 1941, 467.) 

From I.^tin nervus, sinew or nerve, and 
clarere, to shine. 

Common name: Cherry vein-clearing 
virus. 

Hosts: ROSACEAE—Prunus avium 
L., sweet cherry. Perhaps also P. serru- 
lata Lindl. and P. domestica L., on which 
symptoms similar to those induced by 
this virus have been observed. 

Geographical distribution: United 
States (Oregon, Washington). 

Induced disease: In sweet cherry, 
clearing of veins throughout each leaf or 
only in localized areas. Margins of leaves 
irregular, most indented where clearing 
of veins is most conspicuous. Elongated, 
elliptic, or slot-like perforations occur in 
some leaves. Affected leaves usually 
narrow. Enations occur as small blis¬ 
tered proliferations on lower side of main 
veins. Upper leaf surface silvery by re¬ 
flected light. By midsummer, leaves 
drcop and appear somewhat wilted; they 
may fold along the midvein. Internodes 
short; increased number of buds, spurs, 
or short branches at nodes; resetting more 
pronounced on some branches than on 
others, mostly at end of year-old wood. 
In advanced disease, fruits pointed, 
small, flattened on suture side with swol¬ 
len ridge along suture. Blossoms ab¬ 
normally abundant, crop of fruit reduced 
or wanting. 

Transmission: By grafting. Not dem¬ 
onstrated by inoculation of expressed 
juice. No insect vector is known. 

58. Manner vitlcola H. {loc. cit., 83). 
From Latin vitia, vine, and -cola, in¬ 
habitant of. 

Common name: Vine-mosaic virus. 

Host: VITACEAE—Vitis vinifera L., 
grape. 


Geograpliical distribution: France, 
Italy, Bulgaria, Czechoslovakia. 

Induced disease: In grape, various 
modifications of systemic chlorotic mot¬ 
tling, and red pigmentation of parts of 
leaves with subsequent drying and drop¬ 
ping out of affected spots. Leaves de¬ 
formed, crimped between main veins. 
Growth restricted. 

Transmission: By inoculation of ex¬ 
pressed juice and by pruning. 

Literature: Blattn^, Vinafsk^' obzor., 
25, 1931, 4-5 (Cent. f. Bakt., 11 Abt., 84, 
1931, 464); Ochrana RostHn, IS, 1933, 
104-105 (Rev. Appl. Mycol., 13, 1934, 
421); Gigante, Boll. Staz. Pat. Veg. Roma, 
n. s. 17, 1937,169-192 (Rev. Appl. Mycol., 
17, 1938, 221); Pantanelli, Maipighia, 24, 
1911, 497-523; 55, 1912, 17 - 16 ; Stranak, II 
Congr. Intern. Path. Comp. Paris, 1931, 
367-378; Ochrana Rostlin, 11, 1931, 
89-98 (Rev. Appl. Mycol., 11, 1932, 280); 
Vielwerth, Ochrana Rostlin, IS, 1933, 
83-90 (Rev. Appl. Mycol., 13, 1934, 

421-422). 


59. Manner santali H. (loc. cit., 94). 
rom New Latin, Santalum, generic name 

■ sandal. 

Common name: Sandal leaf-curl virus. 

Host; SANTALACEAE-Sanlalum 
'6um L., sandal. 

Geographical distribution; India. 
Induced disease: In sandal, leaves 
nail, curled, wrinkled, thickened, bn - 
e, abscissing. Systemic chlorotic mot- 
ing. Internode length normal. ^ 
cted twigs produce both flowers and 

uits. . 

Transmission: By ring bark-gmlts. 
ot by inoculation of expressed juice. 

o insect vector is known. 

Literature: Venkata Rao. Mysore ^n- 
d Spike Invest. Comm., Bull. 3, U** ■ 

60. MarmorsecretumBennett. (Phy* 

ipath., 34, 1944, 88). From Latin s«- 

etus, hidden. . 

Common name: Dodder latent mo 

Ifosts: CONVOLVULACEAE-^^- 

Ua californica Choisy, dodder. Lxper 
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mentally, also CHENOPODIACEAE— 
Beta vulgaris L., sugar beet; Chenopo- 
(Hum album L., lamb’s quarters; C. 
murale L., sowbane. COSVOLVULA- 
CEAE—Cuscula campestris Vuncker; C. 
subinclusa Dur. and Hilg. CRUCI- 
FERAE—Erassica iucana (L.) F. W. 
Schultz, mustard (tolerant). CUCVR- 
BITACEAE—Cucumis melo L., canta¬ 
loupe. PH YTOLACCACEAE—Phyto¬ 
lacca arnericana L., pokeweed. PLAN- 
TAGINACEAE—Plantago major L., 
plantain. POLYGON ACE AE—Fago- 
pyrum esculentum Moench, buckwheat; 
Polygonum pennsylvanicum L., knot- 
weed. PRIM U LACE AE—Samolus 

Jloribundus HBK., water pimpernel. 
SOLA NA CEAE—Lycopersicon esculen¬ 
tum Mill., tomato; Nicotiana glauca Gra¬ 
ham (tolerant); iV, palmeri Gray; N. 
rustica L. (tolerant); N. tabacu7n L. 
(tolerant); Solanum tuberosum L., po¬ 
tato. UM BELLI FERAE—Apium 

graveolens L., celery. 

Insusceptible species; COM POSIT AE 
—HeUanthus annuus L., sunflower; Lac- 
tuca sa^tra L., lettuce. CR VCIFERAE 
—Brassica oleracea L., cabbage. POLY¬ 
GON ACE A E—Eriogonum fasciculatum 
Benth., California buckwheat. SCRO- 
PHVLARIACEAE—Verbascum thap- 
sus L., mullein. SOLAN ACE AE — 
Atropa belladonna L., belladonna. 

Geographical distribution: United 
States (California). 

Induced disease: In dodder, no symp¬ 
toms. In sugar beet, experimentally, 
temporary systemic chlorotic spotting; 
occasional faded areas in leaves in subse¬ 
quent chronic stage of disease. In canta¬ 
loupe, experimentally, chlorotic spotting, 
reduction in leaf size, death of some 
leaves, stunting of plant; melons small 
and of poor quality. In celery, experi¬ 
mentally, systemic chlorosis followed by 
dwarBng and mottling with subsequent 
apparent recovery. 

Transmission: By dodder, Cuscuta cali- 
fornica, C. campestris, and C. subinclusa. 
By inoculation of extracted juice to some, 
but not to other, host plants; Phytolacca 
Qtnericana is readily infected by rubbing 


methods in t lie presence of a small amount 
of abrasive, and develops numerous 
necrotic primary lesions that serve for 
quantitative estimation of concentration 
of virus in inoculum. Through seeds 
from infected plants of dodder, Cuscuta 
campestris; not through seeds from dis¬ 
eased cantaloupe, buckwheat, or poke- 
weed plants. No insect vector is known. 

Thermal inactivation: .At 56 to 60® C 
in 10 minutes. 

Filterability : Passes celite and Berke- 
feld N and W filters. 

Other properties: Infective in dilu¬ 
tions to 1:3000. Inactivated by drying 
and by storage in expressed pokeweed 
juice, within -18 hours. 

61. Manner pelargonii spec. nov. 
From New Latin Pelargonium, generic 
name of common geranium. 

Common names: Pelargonium leaf-curl 
virus; virus of dropsy or Kriiuselkrank- 
heit of geranium. 

Host: GERANIACEAE—Pelargon¬ 
ium hortorum Bailey, geranium. 

Induced disease: In geranium, circular 
or irregular chlorotic spots, sometimes 
stellate or dendritic, I to 5 mm in di¬ 
ameter, centers becoming brown with 
chlorotic border; severely affected leaves 
become yellow and drop; spotted leaves 
ruffled, crinkled, malformed, small, some¬ 
times puckered and splitting. Petioles 
and stems show corky, raised, necrotic 
streaks; tops may die. Disease most 
severe in spring, inconspicuous in sum¬ 
mer. 

Transmission: By grafting. Not by 
inoculation of expressed juice nor by use 
of knife to prepare cuttings for propaga¬ 
tion. Not through seed. No insect vec¬ 
tor is known. 

Literature: Berkeley, Canad. Hort. and 
Home Mag., 1938, 1938, 1-4; Blattn^, 
Ochrana Rostlin, IS, 1933, 145 (Rev. 
Appl. Mycol., IS, 1934,378-379); Bremer, 
Blumen-u. Pflanzenbau, 4^, 1933, 32-33 
(Rev. Appl. Mycol., IS, 1933, 514); 
Halstead, New Jersey Agr. Exp. Sta., 
Kept. 14, 1893, 432-433; Jones, Washing¬ 
ton Agr. Exp. Sta., Bull. 390, 1940; 
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Laubert, Gartenwelt, 31, 1927, 391; Pape, 
ibid., ee, 1927, 329-331; 32, 1928,116-117; 
Pelhybridge and Smith, Card. Chron., 
92, 1932, 378-379; Schmidt, Gartenwelt, 
81, 1932, AO; Seeliger, Nachrichtenbl. 
Deutsch. Pflanzenschutzdienst, 6, 1926, 
63-64; Tuimann, Gartenwelt, 31, 1927, 
375-376; Verplanckc, Bui. Cl. Sci. Acad. 
Roy. de Belgique, Ser. 5, 18, 1932, 269- 
281 (Rev. Appl. Mycol., 11, 1932, 649- 
650). 

62. Manner angllae H. (?oc. cii., 48). 
From Latin Anglia, England. 

Common name: Potato-paracrinkle 
virus. 

Hosts: SOLANACEAE—Solanum In- 
bcrosujn L., potato. Experimentally, 
also Datura stramonium L., Jimson weed. 

Insusceptible species: SOLAN A- 

CEAE—Nicoiiana tabacum L., tobacco. 

Geographical distribution: England. 

Induced disease: In potato, masked in 
all plants of the variety King Edward. 
Chlorotic mottling with some necrosis in 
the varieties Arran Victory and Arran 
Chief. Chlorotic naottling only in Arran 
Comrade, Majestic, and Great Scot pota¬ 
toes. Two varieties, Sharpe’s Express 
and Epicure, are said to be resistant. 

Transmission: By grafts. Not by in¬ 
oculation of expressed juice. No insect 
vector is known. 

Literature: Dykstra, Phytopath., 26, 
1936, 597-606; Salaman and Le Pclley, 
Proc. Roy. Soc. London, Ser. B, 106, 
1930,140-175. 

63. Manner aevl spec. nov. From 
Latin aevum, old age, in reference to the 
obvious involvement of old, but not of 
young, delphinium leaves. 

Common name: Celery-calico virus. 

Hosts: CUCURBITACEAE-Cucu- 
mis sativus L., cucumber; C. melo L., 
cantaloupe; Cucurbila pepo L., summer 
crookneck squash. RANUNCULA- 
CEAE—Delphinium chinensis ; D.formd- 
8um, hardy larkspur; D. grandijlorum; D. 
parryi; D. zalil. SOLAN ACE AE~-Ly- 
copersicon esculentum Mill., tomato. 


UMBELLIFERAE—Apiim gravcolens 
L., celery. Experimentally, also SOLA- 
NACEAE—Nicotiana tabacum L., to¬ 
bacco; Petunia hybrida \ilm., petunia. 
VIOLACEAE—Viola cornuta L. 

Geographical distribution: United 

States. 

Induced disease: In celery, clearing of 
veins, puckering and downward cupping 
of younger leaves, green islands of tissue 
in lemon- 3 'ellow areas of outer leaves, 
green and yellow zigzag bands on leaflets. 
In delphinium, basal and middle leaves 
with pale-orange, amber, or lemon-yellow 
areas; younger leaves normal green, 
chlorotic ring and line patterns. 

Transmission: By inoculation of ex¬ 
pressed juice in the presence of finely 
powdered carborundum. By aphids: 
Aphis apigraveolens Essig, celery leaf 
aphid; A. apii Theob., celery aphid; A. 
ferruginea-striata Essig, rusty-banded 
aphid; A. gossypii Glov., cotton aphid, 
A. middletonii Thomas, erigeron root 
aphid; Myzus circumjlexus (Buckt.), Idy 
aphid; M. convolvuli (Kalt.), foxglove 
aphid; M. persicae (Sulz.), green peach 

aphid; Rhopalosiphum melliferum (Lot¬ 
tes), honeysuckle aphid (APHlD 

.. // 

Literature: Severin, Hilgardia, /4» 
1942, 441-464; Severin and Freitag, Phy¬ 
topath., 26, 1935, 891 (Abst.); Hilgardia, 
11, 1938, 493-558. 


. Marmor raphanl spec. nov. From 

n raphanits, radish. 

)ramon name: Radish-mosaic virus. 

Dsts; CRUCIFERAE-Raphanus 
,us L., radish. Experimentally, also 

JCIFERAE—Brassica oleracea L., 
dgra (L.) Koch; B. alba (L-) 
rvensis (L.) Ktze.; B. pe-Uai Bmley, 

uncea (L.) Coss; R. ropa 
,a Boiss; Capsclla bursa-pastons {L.) 
ic. : Malcomia marilima R. Br., - • 
■nh DC. CHENOPODIACEAE- 

,opodium album 

lacta oleracea L. KA1\ u 
iE-Delphinium ajacts L. 

CEAE—Nicoiiana glutinosa L., 
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langsdorffii Weinin.; N. rustica L.; N, 
iabacum L. 

Geographical distribution: United 
States (California). 

Induced disease: In radish, systemic 
chlorotic spotting followed by chlorotic 
mottling of foliage; little or no leaf dis¬ 
tortion; plants not stunted. 

Transmission: By inoculation of ex¬ 
pressed juice. No insect vector is 
known; not by the cabbage aphid, Brevi- 
coryne brassicae (L.);thc false cabbage 
aphid, Lipaphis pseudobrassicae (Davis); 
or the green peach aphid, Myzus persicae 
(Sulz.) (APHIDIDAE). Not through 
seeds from diseased radish plants. 

Thermal inactivation: At 65 to 68® C 
in 10 minutes. 

Literature: Tompkins, Jour. .\gr. Res., 
68, 1939,110-130. 

65. Manner prlraulae spec. nov. From 
New Latin Primula, generic name of 
primrose. 

Common name: Primrose-mosaic virus. 

Hosts: PRIM ULACEAE—Primula 
obconica Hance. Experimentally, also 
P. malacoides Franch. and P. sinensis 

Lindl. 

Insusceptible species: BEGON lA- 
CEAE—Begonia semperjlorens Link and 
Otto. BORAGINACEAE—Mijosotis 
alpeslria Schmidt. CAMPAN ULA¬ 
CEAE—Campanula medium L. CARY- 
OPHYLLACEAE—Dianlhus harbatus 
L, CHENOPODIACEAE—Spinacia 
oleracea L. COMPOSITAE—Beilis 
perennis L.; Callistephus chinensis Nees; 
Gerbera jamesonii Hook.; Lacluca saliva 
L.; Senecio cruentus DC.; Tagetes palula 
L. CRUCIFERAE—Brassica oleracea 
L.; B. pe-lsai Bailey; B. rapa L.; Matthi- 
ola incana U. Br.; Raphanus salivas L. 
CUCURBITACEAE—Cucumis salivas 
L.; Cncur6]/a pepo L. EUPHORBIA- 
CEAE—Ricinus communis L. GRAM- 
INEAE-Zea mays L. LEGUMINO- 
SAE—Pisum sativum L.; Vida faba L.; 
Vigna sinensis (Tomer) Savi. LO- 
BELIACEAE—Lobelia hybrida Ilort. 
BAPAVERACEAE—Papaver orienlale 


L. PRIM ULACEAE—Anagallis ar- 
vensis L.; Cyclamen indicum L.; Primula 
auricula L.; P. veris L. RA\' UNCU- 
LACEAE—Anemone coronaria L.; Del¬ 
phinium cultorum Voss; Ranunculus 
asiaticus L. RESEDACEAE—Reseda 
odoraia L. ROSACEAE—Geumchiloense 
Balb. SCROPIIULARI ACE AE—An¬ 
tirrhinum majus L.; Pentstemon harbatus 
Nutt. SOLAN ACE AE—Capsicum fru- 
tescens L.; Datura stramonium L.; Lyco- 
persicon esculentum Mill.; Nicoliana 
glutinosa L.; N. tabacum L.; Solatium 
tuberosum L. TROPAEOLACEAE — 
Tropaeolum majus L. UM BELLI- 
FERAE—Apium graveulens L. VER- 
BENACEAE—Verbena hybrida Voss. 
VIOLACEAE—Viola tricolor L. 

Geographical distribution: United 
States (California). 

Induced disease : In Primula obconica, 
chlorosis, stunting, rugosity with upward, 
or occasionally downward, cupping of 
leaves. Petioles and peduncles short¬ 
ened; tlowers reduced in size, broken in 
color (white-streaked). Leaves coarsely 
mottled with yellow-green, leaving green 
islands; tips of leaves sometimes nar¬ 
rowed. 

Transmission: By inoculation of ex¬ 
pressed juice, in the presence of 600-mosh 
j)owdered carborundum. Not by aphids, 
Myzus persicae (Sulz.) and M. circum- 
Jlexus (Buckt.) (APHIDIDAE). No 
insect vector is known. Probably not 
through seeds. 

Thermal inactivation: At 50® C, not 
•18® C, in 10 minutes. 

Other properties: Infective after 24, 
not 48, hours in vitro. Infective after 
1:10 dilution. 

Literature: Tompkins and Middleton, 
.Jour. Agr. Res., 63, 1941, 671-679. 

66. Marmor caricae (Condit and 
Horne) comb. nov. (Ficivir caricae 
Condit and Horne, Phytopath., 31, 1941, 
563.) From Latin carica, a kind of dried 

fig* 

Common name: Fig-mosaic virus. 

Hosts: MORACEAE—Ficus carica L., 
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fig; F. altissima Blume; F. kriskna; and 
F. tsiela Roxb. 

Geographical distribution: United 
States (California, Texas), England, 
Puerto Rico, China, Kew South Wales, 
Western Australia. 

Induced disease: In fig, systemic chlo¬ 
rotic spotting and mottling of foliage; 
some severe leaf distortion. Fruits some¬ 
times affected, bearing light circular 
areas, rusty siwts. being deformed or 
dropped prematurely. Necrotic lesions 
on profichi of Samson caprifigsalso have 
been attributed to action of this virus. 

Transmission : By budding. No insect 
vector is known; mites have been sus- 
j)ccted as i)ossible vectors. 

Literature: Condit and Horne, Phyto- 
palh., 2S, 1933, 8S7-89G; 31, 1941, 561- 
563;35.1943,719-723; Ho and Li, Lingnan 
Science Jour.. 15. 1936, 09-70; Pittman, 
W. Austral. Dept. Agr. Jour., 12, 1935 
I9G. 

07. Manner italicum (Fawcett) comb, 
rtov. {Citrivir italicum Fawcett, Phyto- 
path., 31, 1941, 357.) Specific epithet 
meaning “pertaining to Italy." 

Common name: Citrus infectious-mot¬ 
tling virus. 

Hest: RUTACEAE—Citrus auran- 

iium L., sour orange. 

Geographical distribution: Italy. 

Induced disease: In sour orange, white, 
pale green, or yellow irregular areas in 
leaves, leaving narrow green bands along 
midrib; leaves blistered and distorted. 

Transmission: The aphid. Toxopiera 
aurantii (Phytopath., 24, 1934, 661), has 
been suspected as vector. 


Literature: Fawcett, Phytopath., 31, 
1941, 356-357; Petri, Bol. Staz. Pat. Veg. 
Roma, n. s. 11, 1931,105-114. 

Note: Several additional species were 
described too late for complete systematic 
treatment here. They are plain's wheat 
mosaic virus, Manner campestre 
McKinney (Jour. Washington Acad. Sci., 
34, 1944, 324) with varieties typicum 
McKinney and galbinum McKinney, re¬ 
spectively causing light-green mosaic 
and severe yellow mosaic of wheat in 
Kansas; wheat streak-mosaic virus, Mar- 
mor virgatum McKinney {ibtd., S4» 1944, 

324) with varieties typicum McKinney 
and viride McKinney (ibid., 34, 1944, 

325) , respectively causing yellow streak- 

mosaic and green streak-mosaic of wheat 
in Kansas; Agropyron-mosaic virus, 
Marmor agropyrl McKinney (ibid., 34, 
1944 , 326), with varieties typicum 

Mclinney and flavum McKinney, re¬ 
spectively causing green-mosaic mottling 
and yellow-mosaic mottling in the ^3 
Agropyron repens (L.) Beauv. in ir 
ginia; also a virus, Flavimacula ipcme&e 
Doolittle and Harter (Phytopath., 3 , 
1945, 703), causing feathery mottle o 
sweet potato in Maryland (see Marmor 
persicae for treatment of a virus that 
was assigned as type of Flavimacula 
McKinney (Jour. Washington Acad. bci., 
34, 1944, 149), a genus originally differ¬ 
entiated from Marmor as containing 
viruses not yet inoculable save by tissue 
union; a natural group of viruses may be 

represented but their characteristics and 

affiliations seem not yet clear]. 


Genus II. Acrogenus Holmes. 

(hoc. cil., 110 ) 

Viruses of the Spindle-Tuber Group, inducing stemio chlorosis, 

growth habit of host plants without chlorotic or Greek, meaning 

witches’-broom formation, or production of galls generic " jo spindle- 

point- or peak-producing, in reference to shape of potatoes affecteu y po 

tuber virus. 

The type species is Acrogenus solani Holmes. 
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Key to the species of genus Acrogenus. 


I. Infecting potato. 

II. Infecting black currant. 

1. Acrogenussolanl Holmes. (Handb. 
Phytopath. Viruses, 1939, 111.) From 
New Latin Solanum, generic name of 
potato. 

Cjmmon names: Potato spindle-tuber 
virus, potato spindling-tuber virus, po¬ 
tato marginal leaf-roll virus. 

Host: SOLAN ACE AE—Solanuni tu¬ 
berosum L., potato. 

Geographical distribution: United 
States and Canada. 

Induced disease: Plants erect, stiff, 
spindly, lacking vigor. Leaves small, 
erect, darker green than normal. Peti¬ 
oles sometimes slender, brittle. Tubers 
long, cylindrical, irregular in shape, tap¬ 
ered at ends, smooth and tender-skinned, 
of softer than normal flesh in spring. 
Eyes of tuber conspicuous. 

Transmission: By inoculation of ex¬ 
pressed juice; by use of contaminated 
knife in cutting successive tubers before 
planting; by contacts of freshly cut seed 
pieces. By aphids, Myzus persicae 
(Sulz.) and Macrosiphum solanijolii 
Ashm.{=Jlf.ffetKoch) {APHIDIDAE). 
Also by certain leaf-eating insects. 

Thermal inactivation : At 60 to 65® C in 
10 minutes (in tuber tissues). 

Literature: Bald et al.. Phytopath., SI, 
1941, 181-186; Folsom, Maine Agr. Exp. 
Sta., Orono, Bull. 312, 1923; Goss, Phyto- 
Path., 16, 1926, 233, 299^303; 18, 1928, 
445-448; Nebraska Agr. Exp. Sta., Res. 
Bull, 47, 1930; SS, 1931; Jaezewski, La 
Defense dee Plantes, Leningrad, 4, 1927, 
6^77 (Rev. Appl. Mycol., 6, 1927, 572- 
673, Abst.); McLeod, Canad. Exp, Farms, 
Div. Bot., Rpt. for 1926, 1927. 


1. Acrogenus solani. 

2. Acrogenus ribis. 

Strains: A strain causing unmottled 
curly dwarf of potato has been given a 
varietal name to distinguish it from the 
type, var. vulgaris H. {loc. cit., Ill): 

la. Acrogenus solani var. smrws H. 
(loc. cit., 112). Inducing symptoms in 
potato on the whole more severe than 
those caused by the type strain. 

Common name: Unmottled curly-dwarf 
strain of ix)tato spindle-tuber virus. 
(Goss, Nebraska Agr. Exp. Sta., Res. 
Bull. 47, 1930; 5S, 1931; Schultz and Fol¬ 
som, Jour. Agr. Res., 25, 1923, 43-118.) 

2. Acrogenus ribis H. {loc. cit., 112). 
From Latin ribes, currant. 

Common name: Black-currant rever¬ 
sion-disease virus. 

Host: SA XIFRAGACEAE—Ribes 

nigrum L., European black currant. 

Geographical distribution: British 
Isles. 

Induced disease: In European black 
currant, leaves abnormally narrow and 
flat, small veins few. Flowers sometimes 
nearly transparent, smooth, sepals 
brightly colored beneath. Flowers and 
small fruits fall. Stems less woody than 
normal, with tendency to excessive gum 
production. 

Transmission: By grafting. By big- 
bud mite, Eriophyes ribis (ERIOPHYI- 
DAE). Not by inoculation of expressed 
juice. Not through soil. Not through 
seeds from diseased plants. 

Literature: Amos and Hatton, Jour. 
Pom. and Hort. Science, 6, 1926,167-183; 
Amos et al., in East Mailing Res. Sta., 
15th Ann. Rpt., 1928, 43-46; Lee, Ann. 
Appl. Biol., 9, 1935,49-63. 


Oenus III. Corium Holmes. 

(Loc. cit., 119.) 

Viruses of the Leaf-Roll Group, inducing diseases usually characterized by thicken 
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ing and rolling of leaves. Foliage leathery. Sometimes conspicuous phloem necrosis. 
Generic name from Latin corium, leather. 

The type species is Corium solani Holmes. 


Key to the species of genus Corium. 


I. Infecting potato. 

II. Infecting beet. 

III. Infecting raspberry. 


1 . Corium solani Holmes. (Handb. 
Phytupatli. Viruses, 1939, 120.) From 
New Latin Solarium, generic name of 
potato. 

Common name : Potato leaf-roll virus. 

Hosts: SOL AN ACE AS—Solarium tu¬ 
berosum L., potato. Experimentally, 
also other solanaceous species, Datura 
stramonium L., Jimson weed; Lycopersi- 
con csculenturn Mill., tomato; Solarium 
dulcamara L., bittersweet; S. villosum. 

Insusceptible species: CHENOPODI- 
ACEAE—Beta vulgaris L., beet. 

Gcograpliical distribution: North 
America, France, British Isles; probably 
wherever potatoes are grown. 

Induced disease: In potato, leaves 
thick, rigid, leathery, and rolled, their 
starch content excessive. Plants dwarfed. 
Tubers few, small, crisp. Tubers of 
some varieties show conspicuous phloem 
necrosis, germinate with spindling 
sprouts. 

Transmission: By aphid, Myzus persi- 
cae (Sulz.) (APH/D/DAiT), with incu¬ 
bation period of 24 to 48 hours. Also by 
Myzus convolvuli (Kalt.) (= M. pseudo- 
soianf Theob.), il/. circumflexus (Buckt.), 
Macrosiphum solanifolii Ashm., and 
Aphis abbreviata Patch (APHIDI- 
DAE). By grafting. Not by inocula¬ 
tion of expressed juice. 

Literature: Artschwager, Jour. Agr. 
Res., 16, 1918, 559-570; 24, 1923 , 237-245; 
Dykstra, ibid., , 1933, 17-32; Elze, 
Phytopath., 21, 1931, 675-686; Folsom, 
Maine Agr. Exp. Sta., Bull. 297, 1921, 


1. Corium solani. 


2. Corium betae. 


3. Corium rubi. 

4. Corium ruborum. 

37-52; 410, 1942,215-250; Murphy, Scient. 
Proc. Roy. Dublin Soc., 17, 1923, 163- 
184; Murphy and M’Kay, ibid., 19, 1929, 
341-353; Schultz and Folsom, Jour. Agr. 
Res., 21, 1921, 47-80; Smith, Ann. Appl. 
Biol., 16, 1929, 209-229; 18, 1931,141-157; 
Stevenson et al.. Am. Potato -Jour., 20, 
1943, 1-10. 

2. Corium betae spec. noy. From Latin 
beta, beet. 

Common names: Sugar-beet yellows 
virus, beet-yellows virus, jaunisse virus, 
vergelingsziekte virus. 

Hosts: CHENOPODIACEAE-Beia 
vulgaris L., beet; B. marilima L.; B. 
cicla; Atriplex hortensis h.; A. sibirica 
L.; Chenopodium album L., lamb's quar¬ 
ters; Spinacia oleracea L., spinach. 
AMARANTHACEAE -Amaranthus 

retrojlexus L. c/^r a KA 

Insusceptible species: SOLArrA- 

CEAE—Solanum tuberosum L., potato; 
all other tested solanaceous species. 

Geographical distribution: Belgium, 
Netherlands, Denmark, England; per¬ 
haps Germany and the United States. 

Induced disease : In beet, young leaves 
little affected; older leaves yellow, bri - 
tie, short, thick, containing excessive 
amounts of carbohydrates; necrosis m 
secondary phloem. In spinach yellow¬ 
ing, necrosis between veins on old leaves^ 
Transmission: Not by inoculation of 
expressed juice. By aphitfa, 
sicae (Sulz.), Aphis fabae ScoP., 
sivhum solanifolii Ashm., and Aulacor 
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thu7n solaJii Kalt. (APHIDIDAE); 
virus is not transmitted by those aphids 
to their descendants. Not through seeds 
of beet. Virus overwinters in beets 
stored for subsequent use in seed produc¬ 
tion. 

Serological relationships: Specific pre¬ 
cipitating antiserum effective with crude 
sap of diseased, not healthy, plants and 
with sap of diseased plants after pas¬ 
sage through a Chamberland Lj, not La, 
filter candle; ineffective with sap from 
beet plants suffering from mosaic. 

Thermal inactivation: Virus heated 
to about 52®C no longer precipitates 
with specific antiserum. 

Literature: Kleczlcowski and Watson, 
Ann. Appl. Biol., 31, 1944,116-120; Peth- 
erbridge and Stirrup, London, Ministry 
Agr. and Fisheries, Bull. 93, 1935; Quan- 
jer and Roland, Tijdschr. Plantenziek- 
ten, 4$, 1936, 45-70; Roland, ibid., 45, 
1939, 1-22, 181-203; Schreven, Meded. 
Inst, voor Suikerbietcnteelt, Bergen op 
Zoom, 6, 1936, 1; Watson, Proc. Roy. 
Soc. l/)ndon, Ser. B, 128, 1940, 535-552; 
Ann. Appl. Biol., 29, 1942, 358-365. 

3. Coiium rubl H. {loc. cit., 121). 
From New Latin Rubus, generic name of 
raspberry, from Latin rubus, bramble 
bush. 

Common mime: Raspberry leaf-curl 
virus. 

Host: ROSACEAE—Rubus idaeus L., 
red raspberry. 

Insusceptible species: ROSACEAE — 
Rubus occidenlalis L., black raspberry; 
R‘ neglectus Peck, purple raspberry. 

Geographical distribution: United 
States, not in England. 

Induced disease: In red raspberry, 
veins retarded in growth, causing down¬ 
ward curling of leaf margins and crinkling 
of leaf lamina. Foliage dark green, dry in 
appearance, not wilting readily. In late 
summer, leaves bronzed, leaf surface glis¬ 
tening. Diseased canes easily winter- 
killed. Berries small and poor. The 


English variety Lloyd George is intol¬ 
erant of the disease and is killed. 

Transmission: By aphid, Aphis rubi- 
cola Oestl. (= A. rubiphila Patch) 
(APHIDIDAE). Not by inoculation 
of expressed juice. 

Literature: Bennett, Michigan Agr. 
Exp. Sta., Tech. Bull. 80, 1927; Phyto¬ 
path., 20, 1930, 787-802, Harris, East 
Mailing Res. Sta., Ann. Rpt. for 1934, 
1935; Rankin, New York .Agr. Exp. Sta., 
Geneva, Tech. Bull. 175, 1931. 

Strains: A strain differing from the 
typo, var. alpha H. (loc. cit., 121), has 
been given a varietal name derived from 
its common name, raspberry beta-curl 
virus: 

3a. Coriuin rubi var. beta H. (loc. cit., 
122). Infecting black and purple rasp¬ 
berries, as well as the red raspberry, 
which alone is susceptible to the type 
strain,raspberryalpha-curl virus. (Ben¬ 
nett, Phytopath., 20, 1930, 787-802.) 

4. Corlum ruborum (Zeller and Braun) 
comb. nov. (Minuor ruborum Zeller and 
Braun, Phytopath., 33, 1943,161.) From 
Latin rubus, bramble bush. 

Ommon name: Raspberry decline-dis¬ 
ease virus. 

Host: ROSACEAE—Rubus idaeus L., 
red raspberry. 

Geographical distribution: United 
States (Oregon). 

Induced disease: In Cuthbert rasp¬ 
berry, shoots retarded in spring, reddish; 
leaves in autumn rolled downward, fluted 
along veins, less green than normal be¬ 
tween veins, slightly bronzed along mar¬ 
gins and crests between veins. Inter- 
nodes shortened near tips of canes. Af¬ 
fected canes small, weak, not hardy in 
winter. Small roots and feeder rootlets 
fewer than in healtliy plants. Disease 
progressive over about three years. 
Fruits small, irregular, tending to be 
globose, crumbly when ripe, worthless. 

Transmission: By grafting. No insect 
vector is known. 
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Genus IV. Nanus Holmes. 


{hoc. cil.y 123.) 

Viruses of the Dwarf-Disease Group, inducing diseases characterized by dwarfing 
of host plants or by growth of adventitious shoots with short internodes; chlorotic 
mottling absent. Generic name from Latin nanus, dwarf. 

The type species is Nanus loganobacci Holmes. 


Key to the species of genus Nanus, 

i. Infecting rosaceous plants. 

A. In loganberry and Phenomenal berry. 

1. Nanus loganobacci. 


B. In black raspberry. 

C. In peach. 


2. Nanus orientalis. 

3. Nanus mirahilis. 


D. In ocean spray. 

E. In strawberry. 


F. In prune and plum. 

II. Infecting graminaceous plants, 

A. In sugar cane. 

1 . Nanus loganobacci Holmes. 
(Handb. Phytopath. Viruses. 1939, 124.) 

From New Latin loganobaccus , specific 
epithet of loganberry, Rubus loganobaccus 

Bailey. 

Common name: Loganberry-dwarf 
virus. 

Hosts: ROS ACEAE— Rubus logano¬ 
baccus Bailey, loganberry and Phenom¬ 
enal berry. 

Geographical distribution: United 
States (Oregon, Washington, and Cali¬ 
fornia). 

Induced disease: In Phenomenal berry, 
leaves small, obovate, rigid, new canes 
short, spindly. In young plants, some 
necrosis along and between veins, leaves 
crinkled, finer veins chlorotic. Stems 
not streaked or mottled, normal in color. 
In late stages, canes very short, inter- 
nodes short. Sepals and petals of flowers 
small. Fruit of fair size, but druplets 
ripen unevenly and tend to fall apart 
when picked. Loganberry is less sus¬ 
ceptible than the Phenomenal berry but 
is similarly affected. 


4. Nanus holodisci. 

6 . Nanus fragariae. 

6 . Nanus cupuliformans. 

7. Nanus pruni. 


8 . Nanus sacchari. 

Transmission: By aphid, CapitophorM 
tetrahodus (APIIIDIDAE). Not by 

inoculationof expressed juice. 

Literature: Zeller, Phytopalh., 15, 

1925, 732 (Abst.); 17, 1927, 629 - 648 . 


Nanus orientalis H. {loc. cit., 124). 
m Latin oTientalis, eastern. 

•ommon names: Raspberry-streak vi- 

, raspberry eastern blue-stem virus, 

jberry rosette virus. 

[ost: ROSACEAE-Rubus occiden- 

s L., black raspberry. 
nsusceptible species: ROSACEAE 
>us idaeus L., red raspberry ; B- PW- 

:olasius Ma-xim., Japanese 
leographical distribution: Umtea 


luced disease: In black 
,s stunted, becoming smaller m su 
re seasons; leaves usually 
together on canes, dark green, ofte 
ed so as to be upside down. New 
, show bluish violet dots, s£W, 
ripes near their bases and sometimes 
rb^hes or on fruiting .pu«. 
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Fruit inferior in size, quality, and quan¬ 
tity. Plants live only 2 or 3 years after 
infection on the average. 

Strains: A strain of this virus is be¬ 
lieved responsible for mild streak of black 
raspberries, in which purple to violet, 
greenish brown, or bluish streaks on canes 
are narrowly linear or elliptical in form 
and often very faint; when the bloom is 
rubbed off, the lesions appear as though 
watersoaked and discolored. Leaves are 
slightly curled, their veins cleared. 
Fruits are dry and dull in lustre, even 
while still red, and of poor flavor when 
ripe. 

Literature: Bennett, Michigan Agr. 
Exp, Sta., Tech. Bull. 80, 1927; Wilcox 
U. S. Dept. Agr., Dept. Circ. 227, 1923; 
Woods and Haut, U. S. Dept. Agr., Plant 
Dis. Rpt.,f4. 1940,338-340. 

3. Nanus mirabllis H. (foe. cit., 12G). 
From Latin mirabilis, strange. 

Common name: Peach phony-disease 
virus. 

Hosts: ROSACBAE—Prunus persica 
(L.) Batsch, peach. Experimentally, 
also other Prunus species. 

Geographical distribution: United 
States (Georgia, Alabama, Florida; 
sparsely aU > in Mississippi, Tennessee, 
South Carolina, Louisiana, Texas, Ar¬ 
kansas, Missouri). 

Induced disease: In peach, tree 
dwarfed, foliage abnormally green, fruit 
small; flecks in wood, especially in roots; 
sections of roots show characteristic well- 
distributed purple spots after 3 to 5 min¬ 
utes of treatment in 25 cc absolute methyl 
alcohol acidulated by the addition of 1 
to 6 drops of concentrated, chemically 
pure hydrochloric acid. 

Transmission: By root grafting, except 
by root-bark patch grafts, which are inef¬ 
fective. Budding and grafting with parts 
of stem fail to transmit this virus. 

Thermal inactivation: At 48° C in about 
40 minutes in roots. 

Literature: Hutchins, Georgia State 
Entomol. Bull., 78,1933; Phytopath., £9, 
1939, 12 (Abst.); Hutchins and Rue, 
W, 1939, 12 (Abst.). 


4. Nanus holodlscl H. (loc. cit., 127). 
From New Latin Holodiscus, generic 
name of ocean spray. 

Common name: Ocean-spray witehes’- 
broom virus. 

Host: ROSACEAE—llolodiscus dis¬ 
color Max., ocean spray. 

Geographical distribution: United 
States (Oregon and Washington). 

Induced disease: In ocean-spray, dis¬ 
eased branches form clusters of thin wiry 
shoots with abnormally short internodes 
and crowded small leaves. Laterals num¬ 
erous and more than normally branched. 
Bronzy red color acquired early by af¬ 
fected foliage. 

Transmission: By aphid, Aphis spir- 
aeae Schout. (APIIIDIDAE). By 
grafting. Not demonstrated by inocula¬ 
tion of expressed juice. 

Literature: Zeller, Phytopath., SI, 
1931, 923-925. 

5. Nanus fragariae H. (Holmes, loc. 
cit., 128; Dlastogcnus fragariae McKin¬ 
ney, Jour. Washington Acad. Science, S4, 
1944, 151.) From New Latin Fragaria, 
generic name of strawberry. 

Common name: Strawberry witches’- 
broom virus. 

Host: ROSACE AE—Fragaria ckiloen- 
sis Duch. var. ananassa Bailey, culti¬ 
vated strawberry. 

Geographical distribution: United 
States (western Oregon). 

Induced disease: In strawberry, leaves 
numerous, light in color, with spindly 
petioles, margins of leaflets bent down, 
runners shortened, plants dwarfed; flower 
stalks spindly and unfruitful; root sys¬ 
tems normal and well developed. 

Transmission: By aphis, Myzus fragae- 
folii Ckll. (APfllDIDAE). Not dem¬ 
onstrated by inoculation of expressed 
juice. 

Literature: Zeller, Phytopath., 17, 
1927, 329-335. 

6. Nanus cupuUformans Zeller and 
Weaver. (Phytopath., SI, 1941, 851.) 
From diminutive of Latin cupa, tub, and 
parlicipal from lAiinformare, to form. 
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Common name: Strawberry-stunt 
virus. 

Host: ROSACEAE—Fragaria chiloen- 
sis Duch. var. ananassa Bailey, culti¬ 
vated strawberry. 

Geographical distribution: United 
States (Oregon, Washington). 

Induced disease: In strawberry, little 
if any reduction in chlorophyll, plants 
erect but short; leaves at first folded, 
later open, dull in lustre, with papery 
rattle when brushed by hand, leaflets 
cupped or with margins turned down, 
midveins tortuous; petioles ^ to f 
normal length; fruits small, usually hard 
and seedy; roots normal in appearance. 

Transmission: By strawberry-leaf 

aphid, Capitophorus fragaefolii (APHI- 
DIDAE). By grafting. Not by inocu¬ 
lation of expressed juice. 

7. Nanus pruni H. (?oc. cil., 128). 
From New Latin Prunus, generic name 
of prune, from Latin prunus, plum tree. 

Common name: Prune-dwarf virus. 

Hosts; ROSACEAE—Prunus domes- 
tica L., prune and plum; var. insititia 
Bailey, the Damson plum, remains symp¬ 
tomless. Experimentally, also Prunus 
persica (L.) Batsch, peach. 

Insusceptible species; ROSACEAE — 
Prunus avium L., cherry. 

Geographical distribution: United 
States (New York); Canada (British 
Columbia, Ontario). 

Induced disease: In prune, leaves 
small, narrow, rugose, distorted, glazed. 
Internodes short. Some branches escape 
and appear normal. Blossoms numerous, 
mature fruits few. Pistils aborted, pet¬ 
als narrow and distorted. In Damson 
and Bradshaw plums, no obvious mani¬ 
festations of disease as a result of infec¬ 
tion. 


Transmission: By budding and other 
forms of grafting. Not demonstrated by 
inoculation of expressed juice. No insect 
vector is known. 

Literature: Berkeley, Canada, Domin. 
Dept. Agr., Div. of Bot. and Plant Path., 
Science Service, Publ. 679, 1941; Hilde¬ 
brand, Phytopath., 32, 1942, 741-751; 
Thomas and Hildebrand, Phytopath., 
26, 1936, 1145-1148. 

8. Nanus sacchari H. {loc, cit., 129). 
From New Latin Saccharum, generic 
name of sugar cane, from Latin saccharum, 
sugar. 

Common name: Sugar-cane sereh- 
disease virus. 

Host: GRAMINEAE—Saccharum ofi- 
cinarum L., sugar cane. 

Geographical distribution: Java, 
Borneo, Sumatra, Moluccas, India, Mau¬ 
ritius, Australia, Fiji, Formosa, Hawaii, 

Ceylon. , 

Induced disease: In sugar cane (Oheri- 
bon variety), plant dwarfed, shoots 
stunted, vascular bundles colored by the 
presence of a red gum; adventitious roots 

from many or all nodes. 

Transmission: Not by inoculation ot 
expressed juice. No insect vector is 

know'n. , . 

Thermal inactivation: In cuttings ot 

sugar cane, at 52“ C in 30 minutes to 1 
hour. Infected cane cuttings survive the 
heat treatment required for cure throug 
inactivation of the causative virus. 

Literature ; Houtman, Arch. Suikerin . 
Nederland.-Indie, 33, 1925, 631-642; 

Lyon, Bull. Exp. Sta. Hawaiian Sugar 
Planters’ Assoc., Bot. Ser., 3, 1921, » 

Wilbrink, Arch. Suikerind. Nederland.- 

Indie, 31, 1923, 1-15. 


Genus V. Rlmocortius Milhrath and Zeller. 
(Phytopath., 32, 1942, 430.) 

Viruses of the Rough-Bark Group, inducing f cleft or 

often wood, leaves, or fruit. Generic name from Lati » 

cortex, bark. , w-lu- 

The type species is Rimocoriius kwanzani Milbrath and 
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(Note: The genus Ciirivir (first named species, Citrivir psorosis Fawcett, Phyto¬ 
path., 5), 1941,357) was proposed by its author as a genus pro tempore with the avowed 
purpose of accommodating viruses causing diseases in species of the plant-liost genus 
Citrus. It appears to have been implied by the term genus pro tempore that evidences 
of natural relationship, when discovered, would permit even the first-named species 
of this genus to be assigned elsewhere. On the assumption that a permanent genus is 
nothing more than a type species and such other species as may be added to it by one 
or another author, it must be felt that a genus pro tempore^ however convenient as an 
expedient, cannot become a permanent genus under any circumstances, because its 
first-named species would appear not to be a permanent part of the genus and so 
intended not to be a true type-species. Without a type species there would seem to 
be no permanent genus concept. 

The system by which the term Citrivir was coined (explained by its author as use of 
the genitive of the host-genus name, Cilris, plus eir, signifying virus) seems in itself 
acceptable, for it is commonly agreed that a generic name may be made in an arbitrary 
manner. It may be noted that use of the stem of the host-genus name (CiVr-) with 
connecting vowel i and suffix possibly a more orthodox procedure, would have 
given the same result in the present instance. The original definition of the term 
Citrivir might be thought to be repugnant as disregarding concepts of natural inter¬ 
specific relationships that are essential to the spirit of binomial nomenclature. Were 
the genus to be regarded as permanent rather than pro tempore, however, the scope of 
the genus would come to be wholly changed by usage, when, with passage of time 
related species would be added to what in this case would be a type species, without 
regard to the unorthodox intent of the original definition but solely in accordance with 
similarities between viruses. A generic concept need never be accepted as rigidly 
defined, whether initially, as has been attempted in this case, or upon further experi¬ 
ence, because a genus may still grow by the addition of closely allied new species 
beyond any limit that may be set. On this account an original, or any subsequent, 
definition may be regarded as subject to unlimited change so long as the type species 
is logically retained. The form and definition of the term Citrivir would not, there¬ 
fore, militate against its continued use. Its avowedly temporary status alone seems 
decisively to do so. 

The originally monotypic genus Rimocortius, published in the following year, was 
defined only by the combined generic and specific description, and was not referred to a 
family by its authors. The type, because at first the only species, Rimocortius kwan- 
zani, is the flowering-cherry rough-bark virus. This type species might well be asso¬ 
ciated with the species Citrivir psorosis, citrus-psorosis virus, discussed above, 
both affecting bark principally, though foliage also to some extent. Although the 
genus Ciirivir was named in 1941 and Rimocortius not until 1942, the first was intended 
as a temporary assemblage only, as above indicated. It would seem appropriate, there¬ 
fore, to include the virus that was known temporarily as Ciirivir psorosis in the per¬ 
manent genus Rimocortius Milbrath and Zeller and to assign this genus to the family 
Marmoraceae.) 


I. 

II. 

III. 


Affecting 

Affecting 


Key to the species of the genus Rimocortius. 
cherry. 

1. Rimocortius kwamani. 

Citrus. 


2. Rimocortius psorosis. 


Affecting pear. 


3. Rimocortius pyri. 


% 
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1. Rimocortius kwanzani Milbrath and 
Zeller, (iniylopath.. S2, 19-12, 430.) 
From Kwanzan, name of a variety of 
flowering cherry. 

Common name: Flowering-cherry 
rough-bark virus. 

Hosts: Prunus serrvlala Lindl. var. 
Kwanzan, flowering cherry; P. avium L., 
Mazzard cherry. 

Geographical distribution: United 
States (Oregon). 

Induced disease: In flowering cherry, 
tree dwarfed, deficient in lateral 
branches; bark deep brown, roughened, 
splitting longitudinally; internodes short¬ 
ened, bunching leaves; leaves arched 
downward; midribs of leaves split and 
cracked on under surface. In Mazzard 
cherry, no manifestation of disease, but 
carrier condition; budded Mazzard stock 
may transmit disease to healthy Kwanzan 
cherry cions. 

Transmission: By budding, generally 
even if the inserted bud fails to survive. 

Literature: Milbrath and Zeller, Phy¬ 
topath., S2, 1942, 428^30; Thomas, ibid., 
S2, 1942,435-436. 

2. Rimocortius psorosis (Fawcett) 
com6. nov. {Cilrivir psorosis Fawcett, 
Phytopath., SI, 1941, 357.) Specific 
name meaning “of the disease known as 
psorosis.” 

Common name: Citrus-psorosis virus. 

Hosts: RUT ACE AE—Citrus sinensis 
Osbeck, orange; C. limonia Osbeck, 
lemon; C. maxima Merr., grapefruit. 

Geographical distribution: World-wide 
where citrus trees are grown. 

Induced disease: In citrus, small, 
elongated, light colored areas or flecks in 
the region of small veins on young, tender 
foliage; leaves sometimes warped; (chlo¬ 
rotic?) clearing of veins, and chlorotic 
line patterns, sometimes concentric. 
Outer layers of bark scale away; depres¬ 
sions and deformities appear in bark and 
wood. lemons, as a rule, are more tol¬ 
erant than oranges and are not subject 
to the bark changes. 


Transmission: By grafting, including 
root grafting and patch bark grafting. 
Not by inoculation of expressed juice. 
No insect vector is known. 

Literature: Bitancourt et al., Phyto¬ 
path., 35, 1943, 865-883; Fawcett, ibid., 
24, 1934, 659-668; Science, 92, 1940, 559- 
561; Phytopath., 31, 1941, 356-357; Faw¬ 
cett and Bitancourt, ibid., 35, 1943, 837- 
864; Rhoads, ibid., 32, 1942, 41CM13; 
Webber and Fawcett, Hilgardia, 9, 1935, 
71-109. 

Strains: Three strains differing from 
the type have been recognized. The 
type, var. vulgare Fawcett, Phytopath., 
31, 1941, 357, causes psorosis A, the com¬ 
mon scaly-bark type of disease, with 
pustular eruptions of outer layers of bark 
in limited areas, with or without exuda¬ 
tion of gum; later a drab-gray, cinnamon- 
drab to rufus discoloration of the wood, 
accompanied by decline of the affected 
tree. Others, that contrast with the 
type, are: 

2a. Rimocortius psorosis var. anulalum 
Fawcett. (Phytopath., 31, 1941, 357.) 
From Latin anulatus, with a ring. Caus¬ 
ing psorosis B, known from California, 
resembling zonate chlorosis of Brazil in 
effects on leaves and fruits. Psorosis B 
is characterized by rapid scaling of outer 
bark in continuous areas, progressing 
rapidly along one side of trunk or branch; 
gum exudes in advance of scaling, necrosis 
follows; large circular discolored and 
corky spots, sometimes concentric, on 
fruits and mature leaves; on some fruits, 
circular or semi-circular furrows and 
bumps; rapid decline of the affected tree. 

2b. Rimocortius psorosis var. concavum 
Fawcett and Bitancourt. (Phytopath., 
55, 1943, 850.) From Latin concavus, 
concave. Causing concave-gum psorosis, 
characterized by concavities of various 
sizes on trunks and larger limbs of af¬ 
fected trees, often by zonate patterns on 
young leaves during periods of rap*^ 
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2c. Rimoeortius psorosis var. alveatvm 
Fawcett and Bitancourt. (Phytopath., 
53, 1943,854.) From Latin a/ycfl£us, hol¬ 
lowed out like a trough. Causing blind- 
pocket psorosis, characterized by trough¬ 
like pockets in bark and wood or by erup¬ 
tive lesions. 

3. Rimoeortius p 3 rri (Holmes) comb, 
nov. {Marmor pyri Holmes, Handb. 
Phytopath. Viruses, 1939, 76.) From 
New Latin Pyrus, generic name of pear, 
from Latin pirus, pear tree. 

Common name: Pear stony-pit virus. 

Host: ROSACEAE—Pyrus communis 
L., pear. 


Geographical distribution: United 
States (Oregon, Washington, Califor¬ 
nia). 

Induced disease: In pear, fruit deeply 
pitted and deformed; bark cracked and 
resembling oak bark; veinlet chlorosis of 
some leaves, failure of latenol buds to 
grow, reduction of foliage. Bartlett and 
Comice varieties of pear appear to be 
tolerant, producing sound fruit from 
infected trees. 

Transmission: By budding. Not by 
inoculation of expressed juice. No insect 
vector is known. 

Literature: Kienholz, Phytopath., S9, 
1939,260-2C7; SO, 1940, 787 (Abst.). 


Oenus VI. Adelonosus Brierley and Smith. 

(Phytopath., 54, 1944, 551.) 

Viruses capable of multiplying in living plants but producing no recognizable symp 
toms in these except on interaction with distinct viruses with which they form com¬ 
plexes. Transmitted by aphids, by sap, or by both means. Generic name from Greek 
<idelos, invisible, and nosos, disease. Only one species is recognized thus far; this is 
the type species, Adelonosus lilit Brierley and Smith. 


1. Adelonosus lllli Brierley and Smith. 
(Phytopath., S4,1944,551.) From Latin 
lilium, lily. 

Common name: Lily-symptomless 
virus. 

Host: LILIACEAE—Lilium longi- 
jlorum Thunb,, Easter lily. 

Insusceptible species: All other tested 
lilies and many related plants in the same 
and other families (for list, see Phyto¬ 
path., 54, 1944, 649). 

Geographical distribution: United 
States, Japan; probably coextensive with 
commercial culture of Easter lily. 

Induced disease: In Easter lily, no 
obvious manifestation of disease when 
this virus is present alone; when together 
with cucumber-mosaic virus, however, 
the lily-symptomless virus is a deter¬ 
mining factor in the production of ne¬ 


crotic-fleck disease; the lily-symptomless 
virus is so widely distributed in sup¬ 
posedly healthy stocks of the Easter lily 
that cucumber-mosaic virus formerly 
was thought to be the sole determining 
factor in necrotic flecking, now recognized 
to be caused by the virus complex lily- 
symptomless virus {Adelonosus lilii) plus 
cucumber-mosaic virus (A/armor cucw- 
mcris); the complex acts independently 
of the presence or absence of lily latent- 
mosaic virus {Marmor mite), which is 
often present with the essential members 
of the complex in flecked Easter lilies. 

Transmission: By inoculation of ex¬ 
pressed juice, with some difficulty. By 
aphid, Aphis gossypii GIov., cotton 
aphid {API! IDI DAE); preinfective 
period after obtaining virus, 4 to 6 days. 
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FAMILY III. ANNULACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939, 97.) 

Viruses of the Ringspot Group, causing diseases usually characterized by necrotic 
or chlorotic spotting with concentric-ring lesions and eventual recovery from obvious 
disease with non-sterile immunity. Hosts, higher plants; vectors unknown. There 
is a single genus. 

Genus I. Annulus Holmes. 


{Loc. cit., 97.) 

Characters those of the family. Generic name from Latin annulus, a ring. 
The type species is Annulus iabaci Holmes. 

Key lo the species of genus Annulus. 


I. Found occurring naturally in the Western.Hemisphere. 


A. In tobacco. 


B. In potato. 

C. In delphinium. 

II. Old World species. 

1. Annulus tabacl Holmes. (Handb. 

Phytopath. Viruses, 1939, 98; Marmor 
anularium McKinney, Jour. Washington 
Acad. Sci., 34, 1944, 327.) From New 
Latin Tabacum, early generic name for 
tobacco. 

Common names: Tobacco-ringspot vi¬ 
rus, green ringspot virus, yellow ringspot 
virus, ring spot No. 1 virus. 

Hosts: SOLANACEAE—Nicotiana 

tabacum L., Petunia violacea Lindl., 
Solanum tuberosum L. CUCURBITA- 
CEAE—Cucumissativus L. Experimen¬ 
tally this virus has been found capable of 
infecting many species of plants in a large 
number of families; these include all 
tested species of the SOLANACEAE, 
SCROPHULARIACEAE, COMPOST- 
TAE, and CUCURBITACEAE. 
Many species of the LEGUMINOSAE 
are susceptible and one, Vigna sinensis 
(L.) Endl., is used as an indicator plant 
for quantitative measurement because 
it displays conspicuous reddish-brown 
necrotic lesions around points of initial 
infection. 


1. Annulus iabaci. 

2. Annulus zonaius. 

3. Annulus orae. 

4. Annulus aperius. 

5. Annulus dubius. 

6. Annulus delphinii. 


Annulus bergerac. 

Geographical distribution: United 
;ates. 

Induced disease: In tobacco, necrotic 
ng-Iike primary lesions, followed by 
condary necrotic rings on younger 
aves. Subsequently, affected plants 
cover. After recovery from obvio^ 
sease, virus content of plants is only lu 
20 per cent of that of recently infecte 
ants. Some varieties may show 
osaic-like patterns in young leave 

16 ^C 

Transmission; By inoculation of ex- 
•essed juices. Through about 20 per 
nt of seeds from diseased petun 
ants. Not by dodder. Cusevta campa- 
is Yuneker (CONVOLVULACEAE). 
Serological relationships: Induces 
rmation of speciBc precipitating anti¬ 
dies when injected into bloodstream ot 


nmunological relationships. 

1 tobacco plants are not susceptible » 
fection with this virus but 
cted with Annulus zonaius or A. ■ 
B virus produces primary lesions on 
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leaves of plants immune to reinfection 
with A. hergerac. 

Thermal inactivation: At 68® C in 10 
minutes. 

Filterability: Passes V, N, and perhaps 
W Berkefeld filters. 

Other properties: Particle size esti¬ 
mated by filtration experiments as about 
19 millimicrons. Sedimentation con¬ 
stant, Sm" = 115 X 10“^® cm. sec."* 
dyne“^ Infective in dilutions of 10”’ 
after purification. Inactivated in 1 hour 
below pH 3 or above pH 10.8. Recovered 
plants of tobacco contain 0.002 mg of 
virus per gram, recently infected plants 
about 6 times as much. Optimum con¬ 
ditions for retaining infectivity of stored 
virus include suspension in 0.01 M phos¬ 
phate buffer at pH 7 and storage at 4® C. 

Literature: Fcnne, Phytopath., 21, 

1931, 891-899; Fromme et al., ibid., 17, 
1927, 321-328; Henderson, ibid., 21, 1931, 
225-229; Henderson and Wingard, Jour. 
Agr. Res., 45, 1931, 191-207; Price, Con- 
trib. Boyce Thompson Inst., 4. 1932, 
359-103; Phytopath., 26, 1936, 503-529; 
Am. Jour. Bot., 27, 1940, 530-541; Am. 
Naturalist, 74,1940,117-128; Priode, Am. 
Jour. Bot., 15, 1928, 88-93; Stanley, Jour. 
Biol. Chem., 129, 1939, 405-128, 429^36; 
Stanley and Wyckoff, Science, 86, 1937, 
181-183; Valleau, Kentucky Agr. Exp. 
Sta,, Bull. 327, 1932; Wingard, Jour. Agr. 
Res., 37, 1928, 127-153; Woods, Contrib. 
Boyce Thompson Inst., 5, 1933, 419-434. 

Strains: A number of distinctive 
strains have been collected in nature and 
studied experimentally. The following 
have been given varietal names to dis¬ 
tinguish them from the type, var. vir- 
giniensis H., loc. ciL, 98: 

la. Annulus tabaci var. kenluckiensis 
H, {loc. cii,, 99). Differing from the 
typical strain in producing less necrosis 
and less stunting in tobacco. (Price, 
Phytopath., 26, 1936, 665-675; Valleau, 
Kentucky Agr. Exp. Sta., Bull. 327, 

1932. ) 

l b, Annulus tabaci var. auralits H. 
{loc. cit.f 100). Secondary lesions in 


tobacco at first yellow s|X)ts or rings, be¬ 
coming necrotic subsequently. Recov¬ 
ery less complete than with type, abnor¬ 
mal yellowing of old leaves tending to 
persist. (Cliesler, Phytopath.. 1935, 
686-701; Price, Phytopat li., 26, 1936, 
665-675; Valleau, Kentucky .\gr. Exp. 
Sta., Bull. 327, 1932; Phytopatli,, 29, 
1939, 549-551.) 

2. Annulus zonatus H. {loc. cil., 101). 
From Latin zonaius, zonate. 

Common names: Tomato-ringspot vi¬ 
rus, ring spot No. 2 virus. 

Hosts : SOLAN ACE AE—NicoHana 
tabacum L., tobacco. Experimentally 
this virus has been found to infect many 
species of plants in a large number of 
families. 

Geographical distribution: United 
States. 

Induced disease: In tobacco, zonate 
necrotic primary lesions and, temporarily, 
secondary lesions of the same type; 
recovery with specific, non-sterile im¬ 
munity. In tomato, sj'stcmic infection, 
yellowish-green or necrotic ring-like le¬ 
sions; stunting. 

Transmission: By inoculation of ex¬ 
pressed juice. 

Immunological relatioiLships: Recov¬ 
ered plants are immune to reinfection but 
are still susceptible to Annulus tabaci, A. 
bergerac, and several mosaic-type viruses 
that have been tested. 

Thermal inactivation: -\t 55 to 60® C 
in 10 minutes. 

Filterability: Passes Gradocol mem¬ 
brane 100 millimicrons in average pore 
diameter. Particle size estimated as 50 
millimicrons or less. 

Literature : Price, Phytopath., 26, 1936 
665-675; Am. Jour. Bot., 27, 1940,530-541. 

3. Annulus orae H. (Holmes, foe. cff., 
103; Tractus orae Valleau, Phytopath., 
SO, 1940, 826.) From Latin ora, edge, in 
reference to occurrence of induced dis¬ 
ease near edge of tobacco fields. 

Common name: Tobacco-streak virus. 

Hosts: SOLAN ACE AE—Nicoiiana 

tabacum L., tobacco. Experimentally, a 
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number of other solanaccous plants have 
been reported as susceptible, but not 
Capsievrn fnitcsccns L., pepper; Lyco- 
pcrsicon cscvlcntum Mill., tomato; So- 
lanvm mdongena L., egpplant; or S. 
tuberosum L., {wtato. 

Geographical distribution: United 

States. 

Induced disease; In tobacco, local and 
systemic necrosis in 3 days, with 
irregular spot, line, and ring-like lesions, 
followed by recovery from necrotic mani¬ 
festations of disease. Recovered leaves 
may show a mild mottling and regularly 
contain virus; reinoculation does not 
induce formation of necrotic lesions in 
them. 

Transmission: By inoculation of ex¬ 
pressed juice. Kot through seeds from 
diseased plants. 

Immunological relationships: No cross- 
protection with respect to A. tabaci, and 
several viruses of the mosaic group. 

Thermal inactivation: At 53“ C in 10 
minutes. 

Literature: Johnson, Phytopath., 26, 
1936, 285-292; Trans. Wisconsin Acad. 
Sciences, Arts and Letters, SO, 1937, 
27-34. 


4. Annulus apertus spec. nov. From 
Latin apertus, frank. 

Common name: Broad-ringspot virus. 

Hosts: SOLAN ACEAE—Nicotiana 

iabacum L., tobacco. Experimentally 
also to many species in this and other 
families. 

Insusceptible species: CHENOPODI- 
ACEAE—Beta vulgaris L. CUCURBI- 
TACEAE—Citrvllvs vulgaris Schrad. 
LEGVM I NOS AE—Medicago saliva L., 
Melilotus alba Desr. 

Gectraphical distribution: United 

States (Wisconsin). 

Induced disease : In tobacco, indistinct 
yellow-spot primary lesions, becoming 
chlorotic or necrotic rings with concen¬ 
tric markings: small chlorotic rings, 
sometimes concentric, or fine brown ne¬ 
crotic rings as secondary lesions; young 
leaves puckered at first, somewhat mal¬ 
formed. 


Transmission: By inoculation of ex¬ 
pressed juice. 

Immunological relationships: Protects 
against reinfection with homologous virus 
but leaves host susceptible to infection 
by Annafi/s tabaci, A. zonatus, and some 

mosaic-type viruses. 

Literature: Johnson and Fulton, Phy¬ 
topath., 3^, 1942, 605-612. 


5. Annulus dubius (Holmes) comb.nov. 
(Marmor dnbium H., loc. cit., 42.) From 
Latin dubius, uncertain, in reference to 
a common name, potato virus X, often 

used to designate this virus. 

Common name: Potato-mottle virus 
(strains of this virus have been studied at 
various times under the names potato 


tent virus, potato virus X, potato- 
lecrosis virus, virulent latent virus, 
mple mosaic virus, healthy potato virus, 
yoscyamus IV virus, President streak 
irus, potato foliar-necrosis virus, potato 
ironecrotic streak virus, Up-to-Date 
reak virus, potato viruses B and D, 
jlanum viruses 1, 4, and 6.) 

Hosts: SOLAN ACE AE-Solanum tu- 
:rosum L., potato; Lycopersicon esculen- 
im Mill., tomato. Experimentally, also 
OLA NACEAE—Capsievm frutescens 
; pepper; Datura stramonium L., Jim- 
m weed; Eyoscyamus niger L., henbane; 
licotiana tabacum L., tobacco; Physats 
\kekengi U-,Solanum dulcamara L., bit- 
•rsweet; S. nigrum L., black nightshade. 
MARANTHACEAE--A maranthus 
Urofiexush. COMPOSITAE-Chrysan- 

iemum morifolium Ram. SCR 
ARI ACEAE—Veronica sp., common 

leedwell. , 

Geographical distribution: Widespread 

iroughout the world; present in 
nown stocks of tubers of some potato 

arieties in the United States. 

Induced disease: In potato, usually no 
dorotic mottling, sometimes a htue, 
.tracellular inclusions of the vaoiolated, 
■anular tj^e; some varieties ttot ^ 
irtually immune in the field ^ 
■ndency to localise the virus 
rimary lesions or in top-necrosis of fint 
rstendcally infected plants to a dom 
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inant allele of a gene nx, which charac¬ 
terizes plants showing a mosaic of some 
degree of intensity on infection with this 
virus; the variety known as S41956 is im¬ 
mune to all tested strains of the virus and 
possesses two dominant genes both re¬ 
quired for resistance. In tomato, sys¬ 
temic mild chlorotic mottling; if a strain 
of tobacco-mosaic virus is also present, 
a severe systemic necrosis, known as 
double-virus streak, is induced. 

Transmission: By inoculation of ex¬ 
pressed juice. Experimentally, by leaf 
contacts mainly under the influence of 
wind. No insect vector is known. Not 
transmitted through true seeds of the 
potato. 

Serological relationships: Cross precip¬ 
itin reactions between constituent strains 
of this virus. No cross reaction with 
potato aucuba-mosaic, potato mild-mo¬ 
saic, potato-veinbanding, tobacco-mo¬ 
saic, tobacco-etch, tobacco-ringspot or 
pea-mosaic virus. Antisera prepared by 
injecting rabbits intravenously with virus 
inactivated by nitrous acid, like those 
prepared with active virus, fix comple¬ 
ment and flocculate with virus suspen¬ 
sions (though not with juice of healthy 
host plants); they are also effective in 
neutralizing the virus. 

Immunological relationships: Tobacco 
and Datura plants infected by the type 
strain of this virus become immune to the 
more severe potato-ringspot strain. No 
protection against the severe strain is af¬ 
forded by previous infection with to¬ 
bacco-mosaic, tobacco-ringspot, tomato 
spotted-wilt, or cucumber-mosaic virus. 

Thermal inactivation: At 70® C. in 10 
minutes. 

Filterability: Passes Pasteur-Cham- 
berland Li, Li, and Lj filters. 

Other properties: Digested by 0.02 per 
cent solution of pepsin in 3 hours at pH 

Digested also by trypsin. 
j papaine and cyanide, but 
by neither separately. Isoelectric point 
near pH 4. Dilute solutions show anisot¬ 
ropy of flow. Concentrated solutions 
are spontaneously birefringent. Proper¬ 
ties of the type strain have been less 


4, at 38® C. 

Inactivated 


studied than those of the potato-ring- 
spot strain of this virus. 

Literature: Bawden, Proc. Roy. Soc. 
London, Ser. B, 116, 1931, 375-395; Baw¬ 
den and Pirie, Brit. Jour. Exp. Path., 17, 

1936, 64-74 ; Bawden et al., ibid., 17, 1936, 
204-207; Blodgett, Phytopath., 17, 1927, 
775-782; Bohme, Phytopath. Ztschr., 6, 
1933, 517-524; Cadman, Jour. Genetics, 
44. 1942, 33-52; Chester, Phytopath., 27, 

1937, 903-912; Clinch, Sci. Proc. Roy. 
Dublin Soc., 23, 1942, 18-34; Johnson, 
Wisconsin Agr. Exp. Sta., Res. Bull. 63, 
1925; Koch, Phytopath., 23, 1933, 319- 
342; Kohler, Phytopath. Ztschr., 6, 1933, 
567-591; 7, 1934, 1-30; Loughnane and 
Murphy, Nature, IkU 1938, 120; van der 
Meer, Cent. f. Bakt., II Abt., 37, 1932, 
240-262; Salaman, Nature, 131, 1933, 463; 
Schultz et al., Phytopath., 27, 1937, 190- 
197; 30, 1940, UH 951; Spooner and Baw¬ 
den, Brit. Jour Exp. Path., 16, 1935, 
218-230; Stevenson ct al., Phytopath., 
29, 1939, 362-365. 

Strains: Several variants of potato- 
mottle virus, differing from the type, var. 
vulgaris H. {loc. cil., 42), have been recog¬ 
nized os distinctive varieties under the 
following names: 

5a. Annulus dubius var. annulus H. 
{loc. cil., 44). From Latin annulus, ring. 

Common name: Ringspot strain of 
potato-mottle virus. Necrotic primary 
and secondary ring-like lesions in experi¬ 
mentally infected tobacco plants. Indis¬ 
tinguishable from type strain by ordinary 
precipitin test, but distinguishable when 
appropriately absorbed sera are used. 
This strain has been more frequently 
studied than the type. Juice of infected 
tobacco plants contains about 0.02 to 
0.10 mg of virus per ml. Sedimentation 
constants, = 113 X 10“'* and 131 X 
10"** cm. sec."* dyne"*. Dissymmetry 
constant 2.78. Molecular weight 26 X 
10*. Particle size estimated to be 433 
by 9.8 millimicrons, 43.0 times as long as 
wide. Isoelectric point near pH 4. 
Stable between pH 4 and pH 9.5. Con¬ 
centrated solutions are spontaneously 
birefringent. Dilute solutions show 
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anisotropy of How. Destroyed by drying. 
Innctivaled by papaine and cyanide, but 
by neither separately. Digested by 0.02 
per cent solution of pepsin in 3 hours at 
pH 4, at 38° C. Digested also by trypsin. 
About G per cent of the purified virus is 
reported to be a pentose nucleic acid, but 
the carbohydrate to phosphorus ratio is 
about twice that for yeast nucleic acid. 
Guanine and pentose present. Analysis 
of sedimented virus, carbon 47.7 to 49.5 
per cent, hydrogen 6.8 to 7.7 per cent, 
nitrogen 14.6 to 17.0 per cent, phosphorus 
0.4 to 0.7 per cent, sulfur 1.1 per cent, 
carbohydrate 2.5 to 4.3 per cent, ash 2.0 
to 2.5 per cent. Reduction of carbo¬ 
hydrate content of sample to 2.5 per cent 
does not reduce activity of virus; further 
reduction inactivates. (Ainsworth, 
Ann. Appl. Biol., 21, 1934, 581-587; 
Bawden, Brit. Jour. Exp. Path., 16, 1935, 
435^43; Bawden and Pirie, ibid., 19, 
1938, 66-82; Birkeland, Bot. Gaz., 96, 
1934, 419-436; Chester, Phytopath., 26, 
1936, 778-785; Johnson, Wisconsin Agr. 
Exp. Sta., Res. Bull. 76, 1927; Loring, 
Jour. Biol. Chem., 126, 1938, 455-478; 
Loring and Wyckoff, ibid., 121, 1937, 
225-230.) 

6b. Annvlus dubius v&r. flaws {loc. 
cit., 46). From Latin flavns, yellow. 

Common name: Yellow-mottle strain 
of potato-mottle virus. Differing from 
the type by imparting a yellow cast to 
foliage of infected potatoes. (Putnam, 
Canad. Jour. Res., Sec. C, 16, 1937, 87- 
107.) 

5c. Annulus dubius var. obscuTus H. 
{loc. cit., 46). From Latin obscurus, ob¬ 
scure. Common name: Masked-mottle 
strain of potato-mottle virus. Differing 
from the type by systemically infecting 
potato, tobacco, and Jimson weed with¬ 
out symptoms under ordinary experi¬ 
mental conditions; in pepper, however, 
systemic necrosis is induced, as by all 
known strains. (Chester, Phytopath., 
26, 1936, 778-785.) 


6. Annulus delphinii spec. nov. From 
New Latin Delphinium, generic name of 
host. 

Common names: Delphinium-ringspot 
virus, perennial-delphinium ringspot 

virus. 

Hosts: RANUNCULACEAE~Del~ 
phinium sp., perennial delphiniums. 
Experimentally, also to CHENOPODI- 
ACEAE—Beta vulgaris L. CUCUR¬ 
BIT ACE AE—Cucumis sativus L., cu¬ 
cumber. MALVACEAE — Gossypium 
hirsutum L. RANUNCULACEAE 
Ranunculus asiaticus L. (symptomless 
carrier). SOLAN ACE AE~Datura 

stramonium L., NicoUana alaia Link and 
Otto, N. glutinosa L., N. rustica L., N. 
tabacum L., Petunia hybrida Vilm. 
Geographical distribution: United 

States (California). 

Induced disease: In perennial del¬ 
phiniums, faint chlorotic rings with 
green or yellow centers on young leaves, 
irregular chlorotic spots, yellow bands, 
or irregular chlorotic rings on mature 

leaves. 

Transmission: By inoculation of ex¬ 
pressed juice in the presence of finely 
powdered carborundum. 

Thermal inactivation: At 65° C in 10 

minutes. 

Literature: Severin and Dickson, Hn- 
gardia, 1942,465-490. 

7. Annulus bergerac H. {loc. cil., 102). 
From Bergerac, a town in southwest 

France. . 

Common name: Bergerac-rmgspot 


Hosts: SOLAN AC EAE-mcoUana 

tabacum L., tobacco. E.vper.mentally, 
this virus has been transferred ‘t- 
other solanaceous plants and to 
.aiSumL., bean, in the family 



raphical distribution: France. 

,ed disease: In tobacco, thin 
^-ring primary lesions, followed b) 
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systfemic mottling with some clilorotic 
rings on the dark green islands. Later, 
complete recovery occurs, with non- 
sterile immunity. 

Transmission: By inoculation of ex¬ 
pressed juice. 

Immunological relationships: Recov¬ 


ered plants are susceptible to infection 
by Annulus tahaci and A. zonatus. 

Thermal inactivation: At 80® C in 10 
minutes. 

Literature : Smith, A textbook of plant 
virus diseases, P. Blakiston’s Son and 
Co., Inc., Philadelphia, 1937, 285-289. 
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FAMILY IV. RUGACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939,114) 

Viruses of the Leaf-Curl Group, causing diseases characterized by suddenly arrested 
development of invaded tissues, resulting in leaf curl, enations, and other deformities. 
Vectors, typically white-flies {ALEYRODIDAE). There is a single genus. 


Genvs /. Ruga Holmes. 

{Loc. cit., 114.) 

Characters those of the family. Generic name from Latin ru^a, a wrinkle. 
The type species is Ruga labaci Holmes. 

Key lo the species of genus Ruga. 


I. Infecting tobacco. 

II. Infecting cotton. 

III. Infecting cassava (Manikoi)* 

IV. Infecting sugar-beet. 

1. Ruga tabaci Holmes. (Handb. Phy¬ 
topath. Viruses, 1939, 115.) From New 
Latin Tabacum, former generic name of 
tobacco. 

Common names: Tobacco leaf-curl 
virus, kroepoek virus, curl-disease virus, 
crinkle-disease virus. 

Hosts: SOLAN ACE AE—Nicoiiana 

tabacum L., tobacco. COM POSIT AE — 
Vernonia iodocalyx, V. cineria, Ageralum 
conyzoidcs L., SynedrcUa nodi flora Gaertn. 
Experimentally, also other solanaceous 
plants. 

Insusceptible species: MALVACEAE 
—Gossypium kirsulum L., cotton. 

Geographical distribution :Tanganyika, 
Southern Rhodesia, Southern Nigeria, 
Nyasaland, India, Sumatra, Formosa. 

Induced disease: In tobacco, leaves 
curled and crinkled, with occasional leafy 
outgrowths or enations. Veins greened 
and thickened. No chlorosis nor necro¬ 
sis. Plant stunted. 

Transmission: By white-fly, Bemisia 
Qossypiperda Misra and Lamba {ALEY- 
ROUIDAE). By grafting. Not by in¬ 
oculation of expressed juice. 

Literature: Kerling, Phytopath,, 55, 
1933,175-190; Mathur, Indian Jour. Agr. 


1. Ruga labaci. 

2. Ruga gossypii. 

3. Ruga bemisiae. 

4. Ruga verrucosans. 

Sci., 5, 1933, 89-96; Matsumoto and 
Tateoko, Trans. Nat. Hist. Soc. Formosa, 
SO, 1940, 31-33; Pal and Tandon, Indian 
Jour. Agr. Sci., 7, 1937, 3(53-393; Pruthi 
and Samuel, ibid., 7, 1937, 659-670; 
Storey, Nature, 1S8, 1931, 187-188; East 
African Agr. Jour., 1, 1935, 148-153, 
Thung, Meded. Proefsta. Vorstenl. Ta- 
bakJava, 75, 1932; 78, 1934. 

2. Ruga gossypii H. {loc. cit., 116). 
From Latin gossypium, cotton. 

Common names: Cotton leaf-curl virus^ 
cotton leaf-crinkle virus. 

Hosts: MALVACEAE-Gossypium 

Airsufim L., cotton: G. peruvianumC&v.; 
G. viiifolium Lam.; Hibiscus cannabinus 
L.; H. esculenius L.; //. sabdariffa L.; 
Althaea rosea Cav., hollyhock; Sakel 
(hybrid) cotton. 

Geographical distribution: The Sudan 

and Nigeria, in Africa. 

Induced disease : In cotton, clearing o 
veins, blistering and pale spotting o 
leaves; leaves puckered at edge and un- 
symmetrical. Internodes shortened^ 
producing bunchy growth. 

Transmission: By white-fly, 

gossypiperda Misn and Lamba {ALUX- 
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RODIDAE). Not through egg of insect 
vector. Not by inoculation of expressed 
juice. Not through soil. Not through 
seeds from diseased plants. 

Literature: Bailey, Empire Cotton 
Growing Rev., 11, 1934,280; Kirkpatrick, 
Bull. Entom. Res,, 21, 1930, 127-137; 23, 
1931, 323-363. 

3. Ruga bemisiae H. (Holmes, loc. 
cit., 117; Ochrosiicta bemisiae McKinney, 
Jour. Washington Acad. Sci., S4, 1944, 
149.) From New Latin Beinisia, generic 
name of insect vector. 

Common names: Cassava-mosaic virus, 
cassava Krfiuselkrankheit virus. 

Hosts: EUPEORBIACEAE-Mani- 
hoi vtilissima Pohl, cassava; il/. palmala 
Muell.; Af. dvlcis. 

Geographical distribution: Gold Coast, 
Belgian Ck)ngo, French Cameroons, Rho¬ 
desia, Liberia, Madagascar, probably 
throughout Africa and adjacent islands; 
Java. 

Induced disease: In Manihoi vtilissima, 
leaves unsymmetrical, curled, distorted, 
mottled; internodes shortened, plants 
stunted. Axillary buds produce an extra 
number of side branches. 

Transmission: By white-flies (ALEY- 
RODIDAE), Bemisia nigeriensis Corb., 
in Southern Nigeria, and B. gossypiperda 
Misra and Lamba, in Belgian Congo and 
Tanganyika. White-flies infect only 
young leaves. Not by needle-puncture, 
rubbing, or hypodermic-needle injection 
of juice expressed from diseased plants. 

Literature: Dade, Yearbk. Dept. Agr, 
Gold Coast, 1930, 245; Dufrdnoy and 
Hedin, Rev. Bot. Appl., 9, 1929, 361-365; 
Golding, Trop. Agric., Trinidad, IS, 
1936,182-186; Kufferath and Ghesqui6re, 
Compt. rend. Soc. Biol. Beige, 109, 1932, 
1146; Lefevre, Bull. Agr. Congo Beige, 
26, 1935,442; McKinney, Jour. Agr. Res., 
S9, 1929 , 567-578; Muller, Bull. Inst. 
Plantenziekt., 24, 1931, 1-17; Pascalet, 
Agron. Colon., 21, 1932,117; Staner, Bull. 
Agr. Congo Beige, 22, 1931, 75; Storey, 
East Afr. Jour., 2, 1936,34-39; Storey and 
Nichols, Ann. Appl. Biol., 2S, 1938, 790- 
806; Zimmermann, Pflanzer, 2, 1906,145. 


4. Ruga vernicosans Carsner and Ben¬ 
nett. {Chlorogenvs evtctticola (in error 
for eiitetligicola, from New Latin Evlcttix, 
genus name of a vector, and Latin -cola, 
dweller in or inhabitant of) Holmes, 1939, 
loc. cit., 11; Carsner and Bennett, Science 
98, 1943, 386.) From Latin, meaning: 
causing rough swellings. 

Common name: Sugar-beet curly-top 
virus. 

Hosts: Very wide range in many fami¬ 
lies of dicotyledonous plants. Among 
the horticulturally important host plants 
are the sugar beet {Bela vulgaris L., 
CIIENOPODIACEAE); bean {Phase- 
olus vulgaris L., LEGUMINOSAE); 
squash {Cucurbila species, CUCURBI- 
TACEAE)', and tomato (Lycopersicon 
esculenium Mill., SOLA NACEAE). 

Geographical distribution: Western 
North America; in Argentina a strain of 
virus thought to belong here has been 
reported but has not yet been fully de¬ 
scribed. 

Induced disease: In beet, clearing of 
veins, leaf curling, sharp protuberances 
from veins on lower surface of leaves, 
increase in number of rootlets, phloem 
degeneration followed by formation of 
supernumerary sieve tubes, retardation 
of grouih. In tomato, (western yellow 
blight or tomato yellows), phloem de¬ 
generation followed by formation of su¬ 
pernumerary sieve tubes, retardation of 
growth, dropping of flowers and buds, 
rolling, yellowingand thickeningof leaves, 
root decay, usually followed by death, 
sometimes by recovery. Occasionally 
there is relapse after recovery. In cucur- 
bitaceous plants, stunting, bending up¬ 
ward of tip of runner, yellowing of old 
leaves, abnormally deep green in tip 
leaves and stem; Marblehead squash is 
tolerant, showing only mild witches* 
broom formation and phyllody. In bean, 
infected when young, thickening and 
downward curling of first trifoliate leaf, 
which becomes brittle and will break 
easily from the stem; leaves become 
chlorotic, plant stops growing and usually 
dies soon; older plants are also suscepti¬ 
ble to infection; they may survive until 



1220 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


the end of the season, showing puckering 
and downward curling of leaves at the top 
of the plant, reduction in size of new 
leaves, and shortened internodes, or they 
may gradually become chlorotic and die. 

Transmission: By leafhopper, Eutetlix 
tenellus (Baker) {CIC A DELL I DAE) 
witli A to 12 hour preinfective period. 
Through dodder, Cuscuta campestris 
Vuncker (COiWOLVULACEAE). Not, 
with any regularity at least, by mechani¬ 
cal inoculation of expressed juice. Not 
tlirough seeds of diseased plants to seed¬ 
lings germinating from them. The leaf- 
hopper, Agalliana ensigera Oman (C/- 
CADELLIDAE), is said to transmit a 
South American strain of sugar-beet 
curly-top virus, but evidence for identity 
of the virus has not yet been reported in 
detail. 

Thermal inactivation: At 75° to 80° C 
in 10 minutes. 

Filterability: Passes Berkefeld V, N, 
and W, Mandler medium and fine, and 
Chamberland Li, La, Lj, Lt, L 9 , Ln and 
Li 3 filters. 

Other properties: Withstands alcohol 
and acetone treatments. A pH of 2.9 
or lower inactivates, but an alkaline reac¬ 
tion as high as pH 9.1 does not inactivate, 
in 2 hours. Virus active after at least 8 
years in tissues of thoroughly dried young 


sugar-beet plants, 6 months in dried leaf- 
hoppers, and 10 months in dried phloem 
exudate. 

Strains: In general it has proved possi¬ 
ble to modify strains by host passage, 
some hosts like Ckenopodium murale 
L. appearing to select less virulent 
strains, others like Stellaria media (L.) 
Cyr. reversing this selection and restor¬ 


ing virulence. 

Literature: Bennett, Jour. Agr. Res., 
48, 1934, 665-701; 60, 1935, 211-241; 66, 
1938, 31-52; Phytopath., 32, 1942, 826- 
827; Carsner, Phytopath., 16, 1925,745- 
757; V. S. Dept. Agr., Tech. Bull. 360, 
1933; Jour. Agr. Res., 33, 1926, 345-348; 
Dana, Phytopath., 28, 1938, 649-656; 
Fawcett, Re vista Industrial y Agricola 
de Tucumdn, 16, 1925,39-46; Fife, Phyto- 


ath., 30, 1940, 433-437; Giddings. Phy- 

Dpath., 27, 1937,773-779; Jour. Agr. Res., 

6, 1938, 883-894; Lackey, Jour. Agr. 

les., 65, 1937, 453^60; Lesley and 

V^allace, Phytopath., 28, 1938, 548-553, 

lurphy, ibid., 30, 1940. 779 - 784 ; Severin, 

[ilgardia, 3, 1929, 595-636; Severin and 

reitag, ibid., 8, 1933, 1-48; Severin and 

lenderson, Hilgardia, 3, 1928, 339-393; 

everin and Swezy, Phytopath., 18,1928, 
r., 01 _ TT s npnfr. Aar.. Bull. 


181, 1910. 
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FAMILY V. SAVOIACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939, 131.) 

Viruses of the Savoy-Disease Group, causing diseases characterized mainly by 
crinkling of foliage. Vectors, true bugs {PIESMIDAE and MIRIDAE). There 
is a single genus. 

Genus 1. Savoia Holmes. 

{Loc. cii., 131.) 

Characters those of the family. Generic name from French chou de Savoie, cabbage 
of Savoy, a cabbage with WTinkled and curled leaves. 


The type species is Savoia betae Holmes. 

Key to the species 

I. Infecting beet. 


II. Infecting rape and rutabaga. 

1. Savoia betae Holmes. (Handb. 
Phytopath. Viruses, 1939, 132.) From 
Latin beta, beet. 

Common names: Beet-Krauselkrank- 
heit virus, sugar-beet leaf-curl virus, 
sugar-beet leaf-crinkle virus, Kopfsalat 
virus. 

Host: CHENOPODIACEAE—Beta 
vulgaris L., beet. 

Geographical distribution: Germany, 
Poland. 

Induced disease: In beet, veins of 
leaves swollen, retarded in growth, caus¬ 
ing crinkling. New leaves remain small 
and incurved, forming a compact head. 
Old leaves die; plant succumbs before 
harvest time. Prepatent period in plant, 
3 to 9 weeks. 

Transmission: By tingid bug, Piesma 
quadrataTieh. {PIESMIDAE). Not by 
inoculation of expressed juice. 

Literature: Wille, Arb. Biol. Reicli- 
sanst. Land- u. Forstw,, 16, 1928,115-167. 

2 . Savoia plesmae H. {loc. cil., 132). 
From New Latin Piesma, generic name 
of insect vector. 

Common name: Beet-savoy virus. 

Host: CHENOPODIACEAE—Bela 
vulgaris L., beet. 


of genus Savoia. 

1. Savoia betae. 

2. Savoia piesmae. 

3. Savoia napi. 

Geographical distribution: United 
States (Michigan, Ohio, Minnesota, Ne¬ 
braska, South Dakota, Colorado, Wyom¬ 
ing) and Canada. 

Induced disease: In boot, leaves 
dwarfed, curled down, small veins thick¬ 
ened. Phloem necrosis in roots. Pro¬ 
dromal period in plant, 3 to 4 week.s. 

Transmission: By tingid bug, Piesma 
cinerca (PIESMIDAE). Not by inocu¬ 
lation of expressed juice. 

Literature: Coons ct a!., Phytopath., 
27, 1937, 125 (Abst.); Hildebrand and 
Koch, ibid., 32, 1942, 328-331. 

3 . Savoia napi H. {loc. cit., 133). 
P'rom New Latin Napus, former generic 
name of rape, Brassica napus L. 

Common name: Rape-savoy virus. 

Hosts: CRUCIFERAE—Brassica na¬ 
pus L., rape; B. napobrassica Mill., ruta¬ 
baga. 

Geographical distribution: Germany. 

Induced disease: In rape, twisting and 
crinkling of young leaves; premature 
death of old leaves and of plants; in sur¬ 
viving plants, inhibition of growth in 
spring. In rutabaga, mottling and crink¬ 
ling of leaves, with formation of fissures 
at leaf edges. Plants rarely killed. 
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Transmission: By inoculation of ex¬ 
pressed juice. By the tarnished plant 
bug, Lygus praknsishmn.iMIRIDAE). 
The insect vector retains this virus dur¬ 
ing intervals between crops. 


Literature: Kaufmann, Arb. Biol. 
Beichsanst. Land- u. Forstw., SI, 1936, 
605-623; Mitteil. Landwirtsch., 37, 1936; 
Pape, Deutsch. Landwirtsch. Presse, 
26, 1935. 
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FAMILY VI. LETHACEAE HOLMES. 

(Handb. Phytopath. Viruses, 1939,135.) 

Virus strains of the Spotted-Wilt Croup, causing diseases characterized by bronzing 
of foliage, streaking of stems, blighting of tips, necrotic spoiling of foliage. Hosts, 
higher plants; vectors, thrips {TIIRIPIDAE), There is a single genus. 

Genus /. Lethum Holmes, 

{Loc. cit., 135.) 

Characters those of the family. Generic name from Latin lethum, death. At 
present there is but one known species, though this is reported to be nearly world wide 
in distribution. In some areas it may have been confused with entities needing sep¬ 
arate recognition. 

The type species is Lethum auslralicnse Holmes. 


1. Lethum australiense Holmes {loc. 
cit., 136). From Australia, where virus 
was first described. 

Common names: Tomato spotted-wilt 
virus, kromnek or Kat River disease 
virus. Also, pineapple yellow-spot or 
side-rot virus (according to Sakimura, 
Phytopath., SO, 1940, 281-299). 

Hosts: Very numerous species in many 
families of higher plants. Among those 
most often noted are; SOLA N ACEAE — 
Lycopersicon esculentum Mill., tomato; 
Hicoiiana iabacum L., tobacco; Solanum 
tuberosum L., potato. COMPOSITAE 
—Lactvea sativa L., lettuce. LEGUM- 
INOSAE—Pisum sativum L., pea. 
BROMELI ACEAE—Ananas comosus 
Merr., pineapple. 

Geographical distribution: Australia, 
British Isles, United States, South Africa 
Hawaii, New Zealand, Europe, China, 
South America. 

Induced disease: In tomato, bronze 
ring-like secondary lesions, plant stunted, 
some necrosis; later yellowish mosaic 
with some leaf distortion. Fruit fre¬ 
quently marked with concentric rings of 
pale red, yellow, or white. In tobacco, 
primary necrotic lesions followed by sys¬ 
temic necrosis, with stem streak, crook- 
neck, often stunting with subsequent 
wilting and death, sometimes temporary 
recovery followed by recurrence of sys¬ 
temic necrosis. In lettuce, plant yel¬ 
lowed, retarded in growth; brown blem¬ 


ishes in central leaves, afTected spots 
dying, becoming like parchment but with 
brown margins. A.xillary shoots may 
show chlorotic mottling. In pea, pur¬ 
plish necrotic streaks on stem; at first, 
leaves mottled; later, necrotic spots 
damage foliage; pods show circular ne¬ 
crotic spots or wavy lines, or, if severely 
affected, may collapse; seeds may show 
necrotic lesions. In potato, zonate ne¬ 
crotic spots on upper leaves, necrotic 
streaks on stems; stems collapse at top; 
plant is stunted, yield of tubers small. 
In pineapple, at first an initial spot or 
primary lesion J to i inch in diameter, 
raised, yellowish, on upper surface of 
young leaf; later chlorotic spotting of 
young leaves, crook-neck because of 
necrotic foci in stems and fruits (side 
rot); plant may die. 

Transmission: By inoculation of ex¬ 
pressed juice; the addition of fine car¬ 
borundum )X)wder to inoculum facilitates 
transmission by rubbing methods. By 
thrips, Frankliniella lycopcrsici Andre- 
wartha (formerly identified as F. insu- 
laris Franklin), F. occidenlalis Perg., F. 
moultoni Hood, and F. schullzei (Try- 
bom) {THRIPIDAE). Also by Thrips 
iabaci Lind. (THRIPIDAE), In F. 
lycopersici, thrips must pick up virus 
while still a nymph; virus persists 
through pupation and emergence as adult; 
preinfective period in vector, 5 to 9 days. 
Virus is not transmitted through eggs of 
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infective thrips. Probably not through 
seeds of infected plants. Not through 
soil. 

Immunological relationships: Infects 
tobacco plants previously infected with 
tobacco-mosaic, potato-mottle, tobacco- 
ringspot, and tomato-ring.spot viruses. 

Thermal inactivation: At 42® C in 10 
minutes. 

Filterability: Passes Gradocol mem¬ 
brane of 0.45 micron ix)rc diameter. 

Other properties: Virus readily inacti¬ 
vated by desiccation or by action of oxi¬ 
dizing agents; activity prolonged by pres¬ 
ence of sodium sulfite, cystein, or by low 
temperatures. Unstable at pll values 
below 6 and above 9. 

Literature: Ainsworth et al., Ann. 
Appl. Biol., 21, 1934, 566-580; Andrewar- 
tha, Trans. Boy. Snc. of So. Australia, 61, 
1937, 163-165; Bald and Samuel, ibid., 21, 
1934, 179-190; Berkeley Scientific Agr., 
15, 1935, 387-392; Bes Austral. Chem. 
Inst. Jour, and Proe., J, 1937 , 375-392; 
Best and Samuel, Ann. Appl. Biol., 23, 
1936 , 509-537 ; 759-780; Carter, Phyto¬ 
path., 29, 1939, 285-287; Lewcock, 

Queensland Agr. Jour., 1937, 665-672; 
Linford, ibid., 22, 1932, 301-324; Magee. 
Agr. Gaz. of New South, Wales, 1936, 
99-100, 118; McWhorter and Milbrath, 
Phytopath., 25, 1935, 897-898 (Abst.); 
Oregon Agr. Exp, Sta., Circ. 128, 1938; 
Milbrath, Phytopalh., 29, 1939, 156-168; 
Moore, Nature, 14'^, 1941, 480-481; Moore 
and Anderssen, Union of So. Africa, Dept. 
Agr., Science Bull. 182, 1939; Parris, 
Phytopath., SO, 1940, 299-312; Rawlins 
and Tompkins, ibid., 26, 1936, 578-587; 
Sakimura, ibtd., 30, 1940, 281-299; Sam¬ 
uel and Bald, Ann. Appl. Biol., 20, 1933, 
70-99; Jour. Agr. So. Australia, 57, 1933, 


190-195; Samuel et al., Counc. Scient, 
Indus. Res., Austral., Bull. 44, 1930; 
Ann. Appl. Biol., 22, 1935, 508-524; 
Shapovalov, Phytopath., 24, 1934, 1149 
(Abst.); Smith, Nature, 127, 1931, 852- 
853; Ann. Appl. Biol., 19, 1932, 305-330; 
.Jour. Minist. Agr., S9, 1933, 1097-1104; 
•Jour. Roy. Hort. Soc., 60, 1935, 304-310; 
Snyder and Thomas, Hilganlia, 10, 1936, 
257-262; Takahashi and Rawlins, Phyto¬ 
path., 24, 1934, 1111-1115; Taylor and 
Chamberlain, New Zealand Jour. Agr., 
54, 1937, 278-283; Whipple, Phytopath,, 
26, 1936, 918-920. 

Strains: A strain differing somewhat 
from the type, var. iypicum H. (loc. cii., 
136), has been described as damaging 
tomatoes in the northwestern Lnited 
States. It has been given a distinctive 

varietal name: 

la. Lethurn ausiraliense var. lethale H. 
Hoc. ciL, 138). From Latin lethalis, 
deadly. Common names: Tip-blight 
strain of tomato spotted-wilt virus, 
Oregon tip-blight virus, tomato die-back 
streak virus, tomato tip-blight virus. 
Differs from the type in causing necrotic 
leaf spotting, stem streaking, and tip 
blighting in most hosts, without mottling 
or bronzing of foliage; yet in Tropaeolum 
majus L., there is little necrosis. In 
tomato, systemic necrosis, terminal 
shoots blighted and blackened; dead tips 
stand upright above living foliage. 
Fruits rough and pitted, with interna 
pockets of necrotic tissue or with sub- 
epidermal necrosis, appearing externally 
as concentric brown bands. (McWhorter 
and Milbrath, Oregon Agr. Exp. Sta., 
Circ. 128, 1938; Milbrath, Phytopath., 

29, 1939, 156-168.) 
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FAMILY BORRET VCEAE 

SuBOROER III. Zoophagii. ® swtorc/o noi^us. 

From Greek phagein^ to eat, and zoon, an anin*'.l. Viruses infecting animals but 
having no plant hosts, so far as known. 

Key to the families of suborder Zoopbaginae. 

1. Inducing diseases in insects as exclusive hosts. 

Family I. Borrelinaceae, p. 1225. 

2. Inducing diseases of the pox group. 

Family II. Borreliolaceae, p. 1229. 

3. Inducing diseases of the encephalitis group. 

Family III. Erronaceae, p. 1248. 

4. Inducing diseases of the yellow-fever group. 

Family IV\ Charonaceae, p. 1265. 

5. Inducing diseases of the infectious anemia group. 

Family V Trifuraceae, p. 1282. 

6 . Inducing diseases of the mumps group. 

Family VI. Rabuladeae, p. 12S4. 

FAMILY I. BORRELINACKAE FAM. NOV, 

Viruses causing polyhedral, wilt, atul other diseases in arthro|X)ds. 1 he genus Bor- 
rcZina Paillot was originally spelled Z?orre/fina by error; from Barrel, name of French 
scientist. 


Key to the genera of family Borrelinaceae. 

I. Known only as attacking lepidopterous insects. 

Genus I. Borrelina, p. 1225. 

II. Known only as attacking the honey bee, a hymenopterous insect. 

Genus II. Moratory p. 1227. 

Genus /. Borrelina Paillot. 

# 

(Compt. rend. Acad. Sci., Paris, 182, 1926, 182.) 

Viruses inducing polyhedral, wilt, and other diseases; hosts, Lepidoptera, so far as 
known. 

The type species is Borrelina homhycis Paillot. 


Key to the species of genus Borrelina. 


I. Attacking silkworm. 

II. Attacking nun moth. 

III, Attacking gypsy moth. 

IV. Attacking cabbage worm. 


1. Borrelina hombycis, 

2. Borrelina ejjiciens. 

3. Borrelina reprimens. 

4. Borrelina brassicae. 

5. Borrelina pieris. 
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1. Borrelina bombycis Paillot. 
(Compt. rend. Acad. Sci., Paris, 182, 
1926, 182.) From Latin bombyx, silk¬ 
worm. (Note: Coccus-like bodies sur¬ 
rounded by non-staining substances, as¬ 
sociated with the induced disease, re¬ 
ceived the provisional name Chlamy- 
dozoon bovibycis from Prowazek, Arch. f. 
Protistenkunde, 10, 1907, 363.) 

Common names: Silkworm-jaundice 
virii.«, silkworm-grasserie virus, silkworm 
wilt virus, Gelbsucht virus, Fettsucht 
\ irus. 

Host: BOMBYCIDAE—Bombyx mori 
(L.), silkworm. 

Geographical distribution: Japan, 
Italy, France. 

Induced disease: In silkworm, after 
prodromal period of 5 days or more, yel¬ 
low spots on skin, polyhedral bodies in 
blood, inactivity, loss of appetite, ir¬ 
ritability, weakening of body facilitating 
rupture from mechanical stress, eventual 
death. 

Transmission: By feeding. Experi¬ 
mentally, also by injection. 

Serological relationships: Specific ag¬ 
glutination, precipitation, and comple¬ 
ment fixation. 

Thermal inactivation: At 60® C in 15 
to 20 minutes in blood. 

Filterability: Passes Berkefeld N and 
V, Chamberland Lj, Lj, and Lj filters. 

Other properties: May survive at least 
2 years in dry state. Stable between 
pH 5 and about pH 9. Sedimentation 

constant 17 S. 

Literature: Aoki and Chigasaki, Cent, 
f. Bakt., I Abt., Orig., 86, 1921, 481^85; 
Glaser and Lacaillade, Am. Jour. Hyg., 
20 1934 , 454-464; Glaser and Stanley, 
Jour. Exp. Med., 77, 1943, 451-466; v. 
Prowazek, Cent. f. Bakt., I Abt., Orig., 
67, 1912, 268-284; Suzuki, Bull. Imperial 
Kyoto Sericultural College, 1, 1929, 45- 
75; Trager, Jour. Exp. Med., 61, 1935, 
501-513. 


2. Borrelina effleiens spec. nov. From 


Latin ejjiciens, effective, in reference to 
effectiveness of this virus in controlling 
nun-moth infestations. 

Common names: Nun-moth disease 
virus, nun-moth wilt virus, Wipfelkrank- 
heit virus. 

Host: LYAfANTRIIDAE—Lyman- 
Iria monacha (L.), nun moth. 
Geographical distribution: Europe. 
Induced disea.se: In eggs, larvae, pupae 
and occasionally adults of nun moth, 
polyhedral bodies in affected tissues. 
Blood of sick larvae turbid;-later, blood 
cells few; contents of body finally become 
a gray-brow'n, semifluid mass. 

Transmission: By feeding. ^ 

Thermal inactivation: At 55 to 60 C m 
5 to 10 minutes. 

Filterability: Fails to pass Berkefeld 

and Chamberland filters. 

Other properties: May remain viable 

at least 2 years in dry state. 

Literature: Escherich and Miyajima, 
Naturw'issens. Ztschr. f. Forst- u. Lan 
wirtschaft. 9, 1911, 381-402; Wachtl and 
Kornauth, Mitth. a. d. forstl. Vera^h' 
swesen Osterreichs, 16, 1893, 1-38; Wa , 
Centralbl. Gesam. Forstw., 55, IW 
172; 212-215; 36, 1910, 377-397; 57, 191 , 

247-268; 58,1912, 355-378. 


;. Borrelina reprlmens spec. nov. 
)m Latin reprimere, to restrain. 

>mmon name: Gypsy-moth wilt vi™. 

Host: LYMANTRIWAE-Porthe- 

j dispar (L.), gypsy moth. 
Geographical distribution: Umtea 


iduced disease: In gypsy moth cater- 
ir, flaccidity, disintegration of tissues, 

Qtual collapse as a ^ ’ 

,th occurs in 13 to 29 (average 21) day 
r infection; caterpillar may remma 
.ched to its support by ® . 

tures easily. 

e in nuclei of the trachea matns, 

odermal, fat, and blood 
ransmission: By feeding on contam 
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inated foliage. Not through uudamaged 
ekin. 

Filterability: Passes Berkefeld N, not 
Pasteur-Chamberland F, 6Uer. 

Literature: Chapman and Glaser, Jour. 
Econ. EntomoL, 8, 1915,140-150; 5,1916, 
149-167; Glaser, Jour. Agr. Res., 4, 1915, 
101-128; Science, 48, 1918, 301-302; 
Glaser and Chapman, Jour. Econ. En- 
tomol., 6, 1913, 479-488. 

4. Borrelina brassicae Paillot. 
(Compt. rend. Acad. Sci., Paris, 182, 
1926, 182.) From name of host, Pieris 
brassicae. 

Common name: Cabbage-worm grass- 
erie virus. 

Host: PIERIDAE—Pieris brassicae 
(L.), cabbage worm. 

Induced disease: In cabbage worm, no 
nuclear or cytoplasmic inclusions; nuclei 
of fat and hypodermal cells hypertrophied 
and soon disorganized. 

Transmission: By feeding. 

Other properties: Described as sub- 
microscopic in size, intracytoplasraic. 


Literature: Paillot, loc. cit .; Ann. Inst. 
Pasteur, 40, 1926, 314-452; L’infection 
chcz les insectes. Immunite et sym- 
biose, 535 pages, Tr6voux, Patissier, 1933. 

5. Borrelina pieris Paillot. (Compt. 
rend. Acad. Sci., Paris, 182, 1926, 182.) 
From New Latin Pieris, generic name of 
host. 

Common name: Virus of nuclear disease 
of pierids. 

Host: PIERIDAE—Pieris brassicae 
(L.), cabbage worm. 

Induced disease: In cabbage worm, 
body yellowish below, tears easily just 
before death; chromatin of nuclei in fat 
and blood cells condensed in irregular 
masses; cytoplasmic inclusions staining 
faintly red in Giemsa preparations. 

Transmission: By feeding. 

Other properties: Described as intra- 
cyioplasmic, less than 0.1 micron in di¬ 
ameter. 

Literature: Paillot, loc. cit .; Ann. Inst. 
Pasteur, 40, 1926, 314-452; L’infection 
chez les insectes. Immunit6 ct sym- 
biose, 535 pages, Tr^voux, Patissier, 1933. 


Appendix; Borrelina Jlacheriae quoted from Paillot, L’infecLion chez les insects. 
535 pp., Trevoux, Patissier, 1935, see p. 96. Cause of gattiue in the silkworm, Bombyx 
mori L. No previous reference to a description of this species has been found. 


Genus II. Morator gen. nov. 

Only one species at present, inducing the disease known as saebrood of the honey 
bee. Generic name from lAtin morator, loiterer. The type, and only, species is 
Morator aeiatulae spec. nov. 


1. Morator aetatulae spec. nov. From 
lAtin aetalula, early period of life, in 
reference to attack on immature stages 
of host, exclusively. 

Common name: Honey-bee saebrood 
virus. 

Host: APIDAE—Apis mellifera L., 
honeybee (immature stages only). 

Insusceptible species; LYMANTRII- 
DAE~~Porthetria dispar (L,), gypsy 
moth. 

Geographical distribution: United 
States. 


Induced disease: In the honey bee, 
immature stages only are susceptible; in¬ 
fected larvae die, usually after capping, 
some of the dead brood being uncapped by 
the bees. Occasionally caps are punc¬ 
tured. Affected areas of comb are usu¬ 
ally small and scattered. Each larva is 
extended along its cell, head turned up¬ 
ward toward the roof. A larva recently 
dead appears light yellow, light gray, or 
light brown, soon darkening to brown or 
almost black. Cuticle of dead larva 
tough, permitting extraction of the sac- 
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like mass without rupture; contents 
watery with many suspended, fine, brown 
particles. There are no characteristic 
intracellular bodies in affected tissues. 
Dead larvae eventually dry down to form 
scales that are black and roughened, that 
separate readily from the cell wall, and 
that may be lifted out intact. Colonies 
tend to lose virus spontaneously. 

Transmission: contamination of 

food. Not by hands, clothing, or tools. 
Perhaps through water supply of insects. 

Thermal inactivation: In water, at 58® 


C in 10 minutes. In honey, at 70 to 73® 
C in 10 minutes. 

Filterability: Passes Berkefeld and 
Pasteur-Chamberland filters. 

Other properties: Withstands drying 
20, not 22, days, exposure to sunlight 7 
hours or less, storage in honey a month 
or more, ^ to 2 per cent aqueous solutions 
of carbolic acid 3 weeks or more. 

Literature: McCray and White, U. b. 
Dept. Agr., Dept. Bull. 671, 1918 ; White, 
U. S. Dept. Agr., Bur. of Entomol., Circ. 
169, 1913; U. S. Dept. Agr., Dept. Bull. 
92, 1914; ibid., Dept. Bull. 431,1917. 
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FAMILY ir. RORRELIOTACEAE FAM. NOV. 

Viruses of the Pox Group, inducing diseases characterized in general by discrete 
primary and secondary lesions of the nature of macules, papules, vesicles, or pustules. 

Key io the genera of family Borreliotaceae. 

I. Viruses of the Typical Pox-Disease Group. 

Genus I. Borreliota, p. 1220. 

II. Viruses of the Varicella Group. 

Genus II. Briareus, p. 1233. 

III. Viruses of the Herpes Group. 

Genus III. Scelus, p. 1234. 

IV. Viruses of the Foot-and-Mouth-Disease Group. 

Genus IV. Ilostis, p. 1239. 

V. Viruses of the Wart-Disease Group. 

Genus V. Molitor, p. 1240. 


Genus I. Borreliota Goodpasture. 

(Science, 77, 1933, 121.) 

Viruses of the Typical Pox-Disease Group, inducing diseases characterized by forma¬ 
tion of papules, pustules, and scabs, shed with or without scarring. Generic name 
from Barrel, investigator who first discovered the specific granules of fowl pox and 
Latinized name of the smallest Greek letter, iota, signifying smallest particle. The 
name Cytoryctes variolae Guarnieri 1892 was based on intracellular inclusions, Guar- 
nieri bodies, as supposed sporozoan parasites (Calkins, Jour. Med. Res., 11, 1904, 

136-172). 

The type species is Borreliota avium Goodpasture. 


Key to the species of genus Borreliota, 

I. Affecting domestic fowl. 

1. Borreliota avium. 

11. Affecting man principally, although strains have become adapted to cow, 
rabbit, etc. 


III. Affecting swine. 

1. Borreliota avium (Lipschiitz) Good- 
pasture. {Strongyloplasma avium Lip¬ 
schiitz, in Kolle, Kraus and Uhlenhuth, 
Handbuch der pathogenen Mikroorgan- 
ismen, 3 Auft., 8,1930,314; Goodpasture, 
Science, 77, 1933, 121.) From Latin 
aves, fowl of the air. 

Common names: Fowl-pox virus; also 
known as poultry-pox virus, chicken-pox 
Virus (but not the virus of the same name 
attacking man rather than the chicken), 
or virus of epithelioma contagiosum of 
fowls; strains have been studied under 


2. Borreliota variolae. 

3. Borreliota suis. 

the names Kikuth’s canary virus and 
pigeon-pox virus. 

Hosts: Chicken, turkey, pigeon, goose, 
duck, guinea fowl, quail, hawk, pheasant, 
partridge, bunting sparrow, canary. Ex¬ 
perimentally, also English sparrow, chick 
embryo. 

Insusceptible species: Man, goat, 
sheep, mouse, rat, guinea pig. 

Geographical distribution: Europe, 
Asia, North America; perhaps coexten¬ 
sive with the area in which chickens are 
grown under conditions of domestication. 
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Induced disease: In chicken, hyper- 
.plastic nodular lesions of the skin, diph¬ 
theritic membranes in mouth and throat, 
discharges from eyes and nose; nodules 
eventually dry up and fall off, usually 
without leaving scars. Inclusion bodies, 
known as Bollinger bodies, believed to 
represent aggregates of minute Borrel 
bodies or virus particles, leave much 
grayish-white ash when incinerated; 
break readily after digestion by 1 per cent 
trypsin in 0.2 per cent sodium bicarbon¬ 
ate. Borrel bodies coccoid, 0.25 microns 
in diameter. On chorioallantoic mem¬ 
brane of chick embryo, proliferation and 
hyperplasia, or necrosis. 

Transmission: By contact, perhaps 
through wound infection. By blood¬ 
sucking dipterous insects. Experimen¬ 
tally, by scarification of skin or buccal 
mucosa; by intravenous, intradermal, 
subcutaneous, intramuscular, or intra- 
peritoneal inoculation. May be passed 
in series by nasal instillation in chickens, 
obvious mucosal changes occurring only 
occasionally. Experimentally, by mos¬ 
quitoes {CULICIDAE), AHes aegypti 
L., A. stimulans Walker, A. vexans 
Meigen (as long as 27 days from time of 
feeding on infective material), and Culex 
pipiens L. (indefinitely after infective 
feeding, as long as the individual mos¬ 
quito lives); in C. pipiens, the virus has 
been found also under natural conditions. 

Serological relationships: Neutralizing 
and elementary-body-agglutinating anti¬ 
sera specific. Antivaccinial serum from 
rabbit ineffective against fowl-pox virus, 
although neutralizing vaccinia virus. 

Immunological relationships: No cross 
immunity with respect to vaccinia virus 
in the chicken. 

Thermal inactivation: At 60® C in 8 
minutes; at 56® C in 30 minutes. 

Filterability: Passes Berkefeld V, not 
Chamberland ht, filter candle. 

Other properties: Drying at room tem¬ 
perature in vacuo does not inactivate. 
Viable after storage at least 24 months 
at 0 to 4® C, dry. 

Strains: A strain known as Kikuth’s 


canary virus has been studied in some 
detail. When introduced into the rabbit 
it induces formation of neutralizing anti¬ 
bodies that react strongly with homol¬ 
ogous virus, moderately against fowl-pox 
virus. Antivaccinial serum is ineffective 
against it. In canaries, it induces pro¬ 
liferation of dermal epithelium with 
cytoplasmic inclusions, the inflammatory 
process being characterized by predom¬ 
inantly mononuclear cells with vacuo¬ 
lated cytoplasm; in the lung there is 
massive accumulation of large mononu¬ 
clear cells containing the specific cyto¬ 
plasmic inclusions; the disease is regu¬ 
larly fatal. Passes Berkefeld N filter. 
Size estimated as 120 millimicrons by 
centrifugation. (Bechhold and Schles- 
inger, Ztschr. f. Hyg., US, 1933, 35Jh 
357; Burnet, Jour. Path, and Bact., 57, 
1933, 107-122; Burnet and Lush, Brit. 
Jour. Exp. Path., 17, 1936, 302-307; 
Gaede, Cent. f. Bakt., I Abt., Orig., W 
1935, 342-346; Kikuth and Gollub, ibid., 

m, 1932, 313-320.) 

Literature: Andervont, Am. Jour. 
Hyg., 6, 1926,719-754; Brandly and Dun¬ 
lap, Jour. Am. Vet. Med. Assoc., 96, \9S9, 
340-349; Brandly et al., Am. Jour. Ve . 
Res., 5, 1941, 190-192; Brody, Cornell 
Agr. Exp. Sta. (Ithaca). Memoir 1^, 
1936; Buddingh, Jour. Exp. Med., » 
1938, 933-940; Burnet and Lush, • 

Jour. Exp. Path., 17, 1936 
Danks, Am. Jour. Path., 8, 1932,711 » 

Findlay, Proc. Roy. Soc. London, Ser. » 

102, 1928. 354-379; Goodpasture and A. 

M. Woodruff. Am. 

699-712; Goodpasture and C. E. 
ruff, ibid., 7, 1931, 1-8; Irons, Am. Jour. 

Hyg., to, 1934, 329-351; ,g 

ner, Pmc. Soc. Exp. Biol, “d ^ed., 
1931. 463-465; Itligler et ^ 

«1, 1931 (*). 525-526; Lu^rd 

and Findlay, Brit. Jour. Exp- Path.-^ 
1926, 256-264; Matheson et al, Pou^ 

and Goodpasture, Am. 
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Path., 7, 1931, 209-222; C. E. Woodruff, 
ibid., 6, 1930, 169-174; C. E. Woodruff, 
and Goodpasture, ibid., 5, 1929, 1-10; 
6, 1930, 713-720. 

2. Borrellota variolae (Lipschutz) 
Goodpasture. {Sirongylophsma variolae 
Lipschutz, in Kolle, Kraus and Uhlen- 
huth, Handbuch der pathogenen Mikro- 
organismen, 3 Aufl., 8, 1930, 317; Good- 
pasture, Science, 77, 1933, 121.) From 
New Latin variola, smallpox. 

Common names: Variola virus, small¬ 
pox virus. Most studies of this virus 
have been concerned with the vaccinia 
strain; see Strains below. 

Hosts: Man, cow and rabbit are sus¬ 
ceptible to strains that appear especially 
adapted to them (see Strains below). 
Experimentally, also chicken (and chick 
jmbryo); Chryscmys marginata, turtle; 
guinea pig, horse, pig; Macaca mulatla 
(Zimmermann), rhesus monkey; M. irus, 
cynomolgus monkey; orang-outang; Ma- 
cacus fuscatus. 

Geographical distribution: Nearly 
world-wide, except where excluded by 
isolation or protective vaccination. 

Induced disease: In man, mild to 
severe smallpox, sometimes with pocks 
few and discrete but often with pocks 
numerous and coalescing; onset sudden, 
6 to 22 days (average 12) after infection; 
headache, vomiting, fever, often rashes 
on body before appearance of the specific 
eruption, bright red spots becoming vesic¬ 
ular and eventually pustular; the pocks 
are commonest on face, forearms, wrists, 
palms of hands, and soles of feet; pustules 
gradually become flattened scabs and 
drop off, leaving no scar if superficial and 
not secondarily infected; in hemorrhagic 
smallpox there are numerous hemorrhages 
into the skin and mortality is high, death 
often preceding formation of pustules; 
severity of disease and mortality roughly 
proportional to the amount of eruption 
on the face. 

Transmission: By contact wdth in¬ 
fected individuals or contaminated ar¬ 
ticles ; perhaps by droplet infection, 


obvious primary lesions characterizing 
experimental transmission byscarification 
but not natural spread. 

Serological relationships: Hyperim¬ 
mune calf serum neutralizes virus. Neu¬ 
tralization depends on an antibody not 
involved in agglutination and precipita¬ 
tion. Antivaccinial serum gives com¬ 
plement fixation in the presence of variola 
virus. One agglutinogen (L) labile at 
56“ C, one (S) stable at 95“ C; both are 
parts of a single protein but can be de¬ 
graded independently; chymotrypsin de¬ 
stroys activity of S, not L. Increasing 
neutralization in immune serum and virus 
mixtures in vitro with progressive incuba¬ 
tion; partial reactivation on simple dilu¬ 
tion. Antivaccinial seraagglutinale Pas- 
chen bodies of vaccinia but not Borrel 
bodies of fowl pox; anti-fowl-pox sera ag¬ 
glutinate Borrel but not Paschen bodies. 
No cross reactions with herpes virus. 

Immunological relationships: In vac¬ 
cinia-immune swine, protective sub¬ 
stances pass via colostrum, conveying 
passive immunity to young for 2 to 3 
months after birth. In man, immunity 
against variola virus is conferred by ear¬ 
lier infection with vaccinia strain. In 
hen, previous infection with fowl-pox 
virus does not immunize with respect to 
vaccinia virus. 

Thermal inactivation: At 55“ C in 20 
minutes. 

Filterability: Passes Berkefeld V, not 
Mandler, filter. 

Other properties: Density about 1.16. 
Sedimentation constant 5000 X 10“** 
(corrected to water at 20“ C). Retains 
activity in glycerine best at pH 7.0. 
0.1 per cent gelatin delays spontaneous in¬ 
activation at 5 to 10“ C. Withstands 
absolute alcohol, ether, acetone, and 
petroleum ether 1 hour in dry samples at 
4* C without decrease in activity. Inac¬ 
tivated without disruption by sonic vi¬ 
brations of about 8900 cycles per second. 
Diameter estimated os 125 to 175 milli¬ 
microns by filtration; 236 to 252 milli¬ 
microns by ullracenlrifugation. Elec¬ 
tron micrographs show limiting surface 
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membrane, dense granules (usually 5) 
within; tendency to rectangular outlines 
with rounded corners. At least 5.6 per 
cent of virus is reported to be thymo- 
nucleic acid. Contains nitrogen, 15.3 per 
cent; carbon, 33.7 per cent; phosphorus, 
0.57 per cent; phospholipid (lecithin), 
2.2 per cent; neutral fat, 2.2 per cent; 
reducing sugars after hydrolysis, 2.8 per 
cent; cystine, 1.9 per cent; copper, 0.05 
per cent. 

Strains: Besides the typical variola 
strain, var. hominis Goodpasture (Sci¬ 
ence, 77, 1933, 121), several distinctive 
strains have been studied. A spontane¬ 
ous cowpox strain differs in some antigens 
but affords cross immunity with respect 
to var. hovis Goodpasture {loc. cil., 121), 
vaccinia virus, which in turn immunizes 
against typical variola virus. A spon¬ 
taneous rabbit-pox strain, serologically 
resembling neurovaccine virus, is be¬ 
lieved to exist independently in Europe 
and the United States. The varieties 
equi (horse-pox virus), porci (swine 
strain), and oviurn (sheep and goat pox 
virus) have been attributed to this 
species by Goodpasture {loc. cit., 121). 
The alastrim strain (causing variola 
minor) differs from the type in producing 
a relatively mild disease in man and in 
inducing the formation of a distinctive 
type of intracellular inclusion in affected 
tissues. 

Literature: Amies, Jour. Path, and 
Bact., 47, 1938, 205-222; Andervont, Am. 
Jour. Hyg., 7, 1927, 804-810; Behrens and 
Ferguson, Jour. Inf. Dis., 66, 1935, 84-88; 
Behrens and Nielson, ibid., 66, 1935, 
41-48; Buddingh, Am. Jour. Hyg., 38, 
1943, 310-322; Craigie and Wishart, Brit. 
Jour. Exp. Path., 16, 1934, 390-398; Jour. 
Exp. Med., 64, 1936, 819-830; Dearing, 
Am. Jour. Hyg., W, 1934, 432-443; Doug¬ 
las et al., Jour. Path, and Bact., 32, 1929, 
99-120; Downie, Brit. Jour. Exp. Path., 
£0, 1939, 158-176; Eagles, ibid., 16, 1935, 
181-188; Elford and Andrewes, Brit. 
Jour. Exp. Path., IS, 1932, 36-42; Good- 
pasture, Woodruff, and Buddingh, Am. 
Jour. Path., 8, 1932,271-282; Green et al.. 
Jour. Exp. Med., 76, 1942, .651-656, 


Greene, ibid., 61, 1935, 807-831; Herzberg, 
Ztschr. Immunitatsforsch. u. exper. 
Therap., 86, 1935, 417-441; Hoagland et 
al., Jour. Exp. Med., 71, 1940,737-750; 72, 
1940, 139-147; 74, 1941, 69-80, 133-144; 

76, 1942, 163-173; Hu et al.. Jour. Exp. 
Med., ^3, 1936, 353-378; Keogh, Jour. 
Path, and Bact., 43, 1936, 441-454; 
Lcdingham, Brit. Jour. Exp. Path., 6, 
1924, 332-349; Jour. Path, and Bact., 
36, 1932, 140-142; Macfarlane and Dolby, 
Brit. Jour. Exp. Path., 21, 1940, 219-227; 
Macfarlane and Salaman, ibid., 19, 1938, 
184-191; McFarlane et al., ibid., 20, 
1939, 485-501; Moriyaina, Arch. f. Virus- 
forsch., 1, 1940, 422-429; Nelson, Jour. 
Exp. Med., 60, 1934, 287-291; 78, 1943, 
231-239; Nye and Parker, Am. Jour. 
Path., 6, 1929, 147-155; Parker, Jour. 
Exp. Med., 67, 1938, 361-367, 725-738; 
Parker and Muckenfuss, Jour. Infect. 
Dis., 63, 1933, 44-54; Parker and Rivers, 
Jour. Exp. Med., 62, 1935, 65-72; 64, 

1936, 439-452; 65,1937 , 243-249; Paschen, 
Deutsch. med. Wchschr., 39, 1913, 2132- 
2136; Pearce et al., Jour. E.xp. Med., 
63, 1936, 241-258, 491-507; Jour. Path, 
and Bact., 43, 1936, 299-312; Pickels and 
Smadel, Jour. Exp. Med., 68, 1938, 58^ 
606; Rhodes and van Rooyen, Jour. Path, 
and Bact., 44. 1937, 357-363; 

Ward, Jour. Exp. Med., 68, 1933, 

62, 1935, 549-560; Rivers et al., tbid., 6 , 

1937, 677-685; 69, 1939 , 857-866; Rosah" 
et al., Jour. Exp. Med., 63, 1936, 2oO-^6, 
379-396; Rosenau and Andervont, . ni. 
Jour. Hyg., IS, 1931. 72^-740; 

Brit. Jour. Exp. Path., 18, 1937, 24^2^- 
Shedlovsky and Smadel, Jour. Exp. i e^, 
76 1942, 165-178; Smadel and Riveff, 
ibid., 76, 1942, 151-164; “1 et^.; 
ibid., 68, 1938, 607-627 ; 71, 

77, 1943, 165-171; Smith, Jour. Path. 

Bact., 35, 1930, 273-^2; Sprunt 
Soc. Exp. Biol, and Med., 

227; Jour. Exp. Med., 75, 19^2, 297-3W, 

Stritar and Hudson, Am. Jou^ Pa •» ’ 

1936, 165-174; Ward, Jour. E.xp. Med-. 

50, 1929, 31-40. 

3. BorreUota suis spec. nov. ro 

Latin sus, swine. . j 

Common name: Swine-pox virus ( 
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the vaccinia strain of variola virus in 
swine). 

Host iSUIDAE—Susscrofa L., domes¬ 
tic swine. 

Insusceptible species: Kabbit. 

Geographical distribution: United 
States (Iowa). 

Induced disease : In swine, locally, red¬ 
dened hyperemic papules 3 to 7 mm in 
• diameter; papules become briefly vesicu¬ 
lar, then change gradually to true pus¬ 
tules, finally forming dark brown to 
blackish scabs which are shed after a few 
weeks without scarring; no secondary 
lesions in hogs free from lice, but in in¬ 
fested animals numerous secondary le¬ 
sions appear 1 to 2 weeks after primary 
lesions and are commonly most numerous 
in the inguinal and axillary regions. 
Mortality negligible but growth retarded. 


Virus has been recovered from hog louse 
after feeding on affected swine. 

Transmission: By hog louse, Ifaemato- 
pinus suis illAEMATOPINIDAE), 
probably mechanically. By experi¬ 
mental scarification of skin. 

Serological relationships: No reaction 
with neutralizing sera specific for vac¬ 
cinia virus. 

Immunological relationships: Specific- 
immunity in swine after attack, but no 
cross immunity with respect to vaccinia 
virus. 

Filterability: Passes Berkefeld V and 
N fitters. 

Literature: Csontos and von NyireJy, 
Deutsch. tierarzti. Wchnschr., 4/, 1033, 
529-532; Schwarte and Biester, .\m. Jour. 
Vet. Res., 2, 1941, 136-140; Shopc, .Yrcii. 
f. Virusforsch., /, 1940, 457-4C7. 


Genus II. Briareus gen. nov. 

9 

Viruses of the Varicella Group, causing diseases characterized by reddened s|)()ts 
and rings in affected tissues, becoming papular or vesicular. Generic name from Latin 
Briareus, name of a hundred-armed giant. 

The type species is Briareus varictUae spec. nov. 


Key to the species of genus Briareus. 

I. Causing chicken pox and herpes zoster in man. 

1. Briareus variccUae. 


11. Causing measles in man. 

1. Briareus variccllae spec. «oy. From 
New Latin varicella, chicken pox. 

Common names: Varicella virus, chic¬ 
ken-pox virus; much evidence for iden¬ 
tity with so-called herpes-zoster virus 
has been presented. 

Host: HOMINIDAE—Homo sapiens 
L., man. 

Insusceptible species: Chick embryo. 

Geographical distribution: World-wide. 

Induced disease: In man, usually 
abrupt onset, rash at first macular, soon 
papular and vesicular; vesicles generally 
discrete, soon rupturing, healing with 
scab formation and itching; separation of 
deeper scabs may leave persistent scars; 
jn severe cases there may be stomatitis, 
laryngitis, and nasal lesions. In human 
skin grafted on chorioallantois of chick 


2. Briareus morbillorum. 

embryo, experimentally, pustular lesions 
as in natural disease, with intranuclear 
acidophilic inclusions; no gross vesicula- 
tion. 

Transmission: By contact. By spread 
of droplets. Children in contact with 
herpes zoster patients sometimes con¬ 
tract varicella. 

Serological relationships: Majority of 
herpes zoster sera that agglutinate zoster 
antigen also agglutinate elementary 
bodies of varicella; complement fixation 
tests also indicate relationship of virus 
from herpes zoster and varicella. Chic¬ 
ken-pox sera do not flocculate smallpox 

brain-virus antigen. 

Immunological relationships: Children 
previously having varicella are immune 
to inoculation with herpes zoster virus. 
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Literature: Amies, Brit. Jour. Exp. 
Path.. 15, 1934,314-320; Brain, ibid., 14, 
1933, 67-73; Bruusgaard, Brit. Jour. 
Derm. Syph., 44, 1932,1-24; Goodpasture 
and Anderson, Am. Jour. Path., 20, 1944, 
447-453; Havens and Mayfield, Jour. 
Inf. Dis., 50, 1932, 242-248; Irons et al., 
Am. Jour. Hyg., 33, (B), 1941, 50-55; 
Kundratitz, Monatsschr. Kinderheilk., 
29, 1925, 516-523; Lipschiitz and Kundra¬ 
titz, Wien. klin. Woch., 38, 1925, 499-503. 

2. Briareus morbillonim spec. nov. 
From New Latin morbilli, measles. 

Common name : Measles virus. 

Host: HOMINIDAE—Homo sapiens 
L., man. Experimentally, also CERCO- 
PJTHECIDAE—Macaca mulatta (Zim- 
mermann), rhesus monkey. PH ASI¬ 
AN! DAE—Gallus gallus (L.), chick 
embryo (no lesions, but 30 serial pas¬ 
sages). 

Geographical distribution: World-wide 
except in isolated communities. 

Induced disease : In man, after incuba¬ 
tion period of 7 to 21 days, bright red spots 
on buccal mucosa, especially near first 
molar tooth (Koplik’s spots) followed by 
rash on face, head, neck, then arms, 


trunk, and legs; papules often crescents, 
lesions usually discrete; rash fades, leav¬ 
ing brownish discoloration and desqua¬ 
mation. 

Transmission: By contact. By drop¬ 
lets. 

Serological relationships: Convalescent 
serum is reported to modify the course of 
the induced disease if administered in¬ 
travenously in the preeruptive stage. 

Immunological relationships: Specific 
immunity in man after attack. 

Thermal inactivation: At 55® C in 15 

minutes. 

Filterability: Passes Berkefeld N filter 
candle and Seitz EK disks. ^ 

Other properties: Viable at —35 C 
for at least 4 weeks. Not inactivated by 
10 per cent anesthetic ether in 40 minutes. 

Literature: Blake and Trask, Jour. 
Exp. Med., 33, 1921, 38 ^ 12 ; Gordon and 
Knighton, Am. Jour. Path., 17, 1941. 
165-176; Hedrich, Am. Jour. Hyg '/;' 
1933,613-636; Kohn et al.. Jour. Am. Med. 
Assoc., Ill, 1938, 2361-2364; R^ke and 
Shaffer, Jour. Immunol., 38, 1940,177 2W, 
Rake et al.. Jour Inf. Dis., 69, 1941,6^69; 
Scott and Simon, Am. Jour. Hyg., 6, 1925, 

109-126. 


Genus III. Scelus gen. nov. 

Viruses of the Herpes Group, inducing diseases characterized in general by 
primary lesions, sometimes with subsequent involvement of the nervous y 

Generic name from Latin scelus, rascal. 

The type species is Scelus recurrens spec. nov. 


Key to the species of genus Scelus. 

I. In man, cause of so-called fever blisters, herpes febrilis- 

1. Scelus recurrens. 

II. In swine, cause of pseudorabies. 

2. Scelus suillum. 


III. 

IV. 


In monkey. 


3. Scelus beta. 


In rabbit, course of the induced disease in nature unknown. 

4. Scelus tertium. 


V. In sheep, cause of ovine balano-posthitis. 

5. Scelus vlceris. 


VI. In mice, cause of ectromelia. 

6. Scelus marmorans. 

VII. In cattle, cause of erosive stomatitis. 

7. Scelus botnnum. 
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1. Scelus recurrens spec. nov. From 
Latin Tecurrere, to recur. Note: The 
name Neurocyslis herpetii Levaditi and 
Schoen (Compt. rend. Soc. Biol., Paris, 
96, 1927,961) was applied provisionally to 
the causative microorganism of herpes, 
in the expectation that future research 
would show inclusion bodies in affected 
tissues to be stages in its life cycle. 

Common names: Herpes virus, virus of 
herpes simplex, virus of herpes febrilis 
(not herpes zoster virus, for which see 
varicella virus), virus of keratitis dendri- 
tica, virus of aphthous stomatitis (of 
man). 

Host: HOMINI DAE—Homo sapiens 
L., man. Experimentally, also rabbit, 
guinea pig, white mouse, cat, goose, hedge¬ 
hog, and, though difficult to infect, dog 
and pigeon. Chick embryo (but not 
chicken). Also CERCOPITHECIDAE 

Cercocebus fuliginosus E. Geoffrey, 
Macacus cynomolgus. CEBlDAE—Ce- 
hus olivaceus. 

Insusceptible species: White rat; Bufo 
viridis; Cercopithecus callithrix; chicken 
(except embryo). 

Geographical distribution: Probably 

world-wide. 

Induced disease: In man, usually 
acquired in first three years of life, some¬ 
times as aphthous stomatitis; virus prob¬ 
ably retained often through life, some¬ 
times with periodic reappearance of der- 
nial lesions, which are vesicular and heal 
won. In white mouse, by experimental 
inoculation of skin, small inflamed vesicu¬ 
lar primary lesions about 5 days after in¬ 
oculation, usually forming scabs and 
healing a few days later, but sometimes 
persisting; if on tail, followed by swelling 
and paralysis of tail, ascending paralysis 
and death, or by recovery with acquired 
immunity; if near head, followed by en¬ 
cephalitis and death; intraperitoneal and 
sometimes other inoculations immunize; 
relapse with recurrence of primary lesions 
rare. In chick embryo, white, opaque, 
circular or ring-like primary lesions of 
small size on chorioallantoic membrane, 
with or without necrotic secondary 
esions in liver, heart, lungs, spleen, and 


kidneys; virus enters membrane 1 to 4 
hours after it is dropped on its surface; 
primary lesions may bo counted in 48 
hours. 

Transmission: By contacts. K.xperi- 
mentally, by skin scarification ; in guinea 
pig, by feeding. 

Serological relationships: Distant rela¬ 
tionship to pseudorabies virus, Scelus 
suillum, shown by moderate protection 
against this virus conferred by some anti¬ 
herpes sera. No relationship to vaccinia 
virus or to virus III of rabbits demon¬ 
strable by neutralization tests. Specific 
complement fi.vation. Neutralizing anti¬ 
body forms reversible union with virus, 
at least for a time, though with strong 
mixtures partial irreversibility finally 
occurs. 

Immunological relationships: Formal- 
inized virus and non-lethal strains of 
virus immunize specifically. No cross 
immunity with vaccinia virus. 

Thermal inactivation : At 50 to 52° C in 
30 minutes, when moist; at 90 to 100° C 
in 30 minutes, when dry. At 41.5° C in 
50 to 80 hours. 

Filterability; Passes Berkefeld V filter 
with slight loss. 

Other properties: Diameter, by centrif¬ 
ugation, computed as 180 to 220 milli¬ 
microns; by filtration, 100 to 150 
millimicrons. Specific gravity, 1.15. In¬ 
activated by repeated freezing and thaw¬ 
ing; also by pressure of 3000 atmospheres 
for 30 minutes. Viable dry at least 
ISmonths at 4° C, in 50 per cent glycerine 
at least 6 months. Not inactivated at 4° 

C in 1 per cent aqueous gentian violet. 
Charged negatively in solutions of hy¬ 
drogen-ion concentration up to about pH 
8 . Isoelectric point, pH 7.2 to 7.6. In¬ 
activated by incubation in vitro at pH 6 
with synthetic vitamin C (ascorbic acid). 

Literature: Anderson, Science, 90, 
1939, 497; Am. Jour. Path., 16, 1940, 137- 
156; Andervont, Jour. Inf. Dis., 44, 1929, 
383-393 ; 4^, 1929 , 366-385 ; 49, 1931, 507- 
529; Andrewes, Jour. Path, and Bact., 

33, 1930, 301-312; Bassett et al., Compt. 
rend,. Acad. Sci., Paris, 200, 1935, 1882- 
1884; Bechhold and Schlesinger, Ztschr, 
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f. Hyg., 116, 1933, 342-353; Bedson, Brit. 
Jour. Exp. Path., 12, 1931, 2&1-260; 
Ppdson and Bland, ibid., 9, 1928,174-178; 
Blanc and Caminopelros, Compt. rend. 
8oc. Biol., Paris, 84, 1921, 859-S60; Boak 
et al., Jour. Exp. Med., 71, 1940, 169-173; 
Brain, Brit. Jour. Exp. Path., 13, 1932, 
16G-171; Buggs and Green, Jour. Inf. Dis., 
58, 1936, 98-104; Burnet and Lush, Jour. 
Path, and Bact., 48, 1939, 275-2S6; 49, 
1939, 241-259; Lancet, 236, 1939 (1), 
629-631; Burnet et al., Austral. Jour. 
Exp. Biol, and Med. Sci., 17, 1939, 35-10; 
Dawson, Am. Jour. Path., 9, 1933, 1-6; 
Elford et al.. Jour. Path, and Bact., S6, 
1933, 49-54; Findlay and MacCallum, 
Lancet, 238, 1940 (/), 259-261; Fischl and 
Schaefer, Klin. Woclmschr., 8, 1929, 
2139-21-13; Flexner, Jour. Gen. Physiol., 
8, 1927 , 713-726; Jour. Exp. Med., 47, 
1928, 9-36; Friedenwald, Arch. Ophthal¬ 
mol., 52, 1923, 105-131; Goodpasture, 
Medicine, 8, 1929 , 223-243; Goodpasture 
and Teague, Jour. Med. Res., 44, 1923, 
121-138; Gunderson, Arch. Opthalmol., 
15, 1936, 225-249; Holden, Jour. Inf. Dis., 
50, 1932, 218-236; Keddie and Epstein, 
Jour. Am. Med, Assoc., 117, 1941, 1327- 
1330; Levaditi and Lepine, Compt. rend. 
Acad. Sci., Paris, 189, 1929, 66-68; Leva- 
diti and Kicolau, Compt. rend. Soc. Biol., 
Paris, ^0, 1924, 1372-1375; Long, Jour. 
Clin. Investigation, 12, 1933, 1119-1125; 
Magrassi, Boll. 1st. Sieroterap. Milanese, 
14, 1935, 773-790; McKinley, Proc. Soc. 
Exp. Biol, and Med., 26, 1928, 21-22; 
Naegeli and Zurukzogiu, Cent. f. Bakt. 
I Abt., Grig., 135, 1935 , 297-299; Nicolau 
and Kopciowska, Ann. In-st. Pasteur, 60, 
1938, 401-431; Parker and Nye, Am. Jour. 
Path., 1, 1925, 337-340; Perdrau, Proc. 
Roy. Soc. London, Ser. B, 109, 1931, 304- 
308; Jour. Path, and Bact., 47, 1938, 447- 
455; Remlinger and Bailly, Comp. rend. 
Soc. Biol., Paris, 94, 1926, 734-736; 1064- 
1066; 95, 1926, 1542-1545; 96, 1927, 404- 
406; 1126-1128; 97, 1927, 109-111; Sabin, 
Brit. Jour. Exp. Path., 15, 1934, 372-380; 
Schultz and Hoyt, Jour. Immunol., 15, 
1928, 411-419; Shaffer and Enders, ibid., 
37, 1939, 383-411; Simon, International 


Clinics, Series 37, S, 1927, 123 - 128 ; Smith 
et ah, Am. Jour. Path., 17, 1941, 55-68; 
Warren et al., .lour. Exp. Med., 71, 1940, 
155-168; Weyer, Proc. Soc. Exp. Biol, 
and Med., SO, 1932, 309-313; Zinsser, 
Jour. Exp. Med., 49, 1929, 661-670; 
Zinsser and Seastone, Jour. Immunol., 
18, 1930, 1-9; Zurukzogiu and Hruszek, 
Cent. f. Bakt. I Abt., Orig., 128, 1933, 
1 - 12 . 


2. Scelus suillum spec. nov. From 
Latin suillus, pertaining to swine. 
Common names: Pseudorabies virus, 

mad-ilch virus. 

Hosts: Domcsl ic cal I le, swine, dog, cat, 
horse, sheep. Experimentally, also rab- 


)it, guinea pig, white rat, white mouse, 
ray field mouse, duck, chicken, chick 
mbryo; Macaca mulatla (Zimmermann), 
hesus monkey. 

Geographical distribution: France, 
Germany, Hungary, Holland, Denmark, 
Iwitzerland, Siberia, Brazil, Unite 

U&t6S4 

Induced disease: In cattle, licking of 
ffected area. u.sii:ill.v somewhere on hind- 
[uarters, sudden decrease in milk pro- 
luction in dairy animals, violent rubbing, 
filing, and gnawing of lesion; swelling 
nd discoloration of affected parts witn 
ozing of serosanguineous (luid; grinding 
f teeth and excessive salivation in 
ndividuals; death, preceded by clonic 
onvulsions, violent tossing of head, ana 
hallow respiration, usually 36 to 48 hours 

fter onset. In pig. mild but highly con- 
agious disease; slight nerve-cell degen- 
ration, predominance of vascular an 
ntcrstitial lesions. 

Transmission: By contact in swine, not 
n cattle. By feeding in cats, brown rats, 

nd swine. ^ 

Serological relationships: Cross ne 

ralization between constituent str^ 
mti-herpes sera protect in 
gainst small, but constantly mfecU , 
oses of pseudorabies virus. 

Literature: Aujesrky, C>nt. f. BakL 

Abt., Orig., J«, 1902, 

Sang, Jour. Exp. Med., 78, 1942,26J-270, 
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0. Bang, Acta path, et microbiol. Scand., 
Suppl., 11, 1932, 180-182; Carini and Ma- 
ciel, Bull. Soc. Path, exot., 6, 1912, 570- 
578; F0lger, Acta path, et microbiol. 
Scand., Suppl., 11, 1932, 182-187; Glover, 
Brit. Jour. Exp. Path., 20, 1939, 150-158; 
Gowen and Schott, Am. Jour. Hyg., 18, 
1933 , 674-687; Hurst, Jour. Exp. Med., 
B8, 1933, 415-433; S9, 1934, 729-749; 63, 
1936, 449-463; Koves and Hirt, Arch, 
wissensch. u. prakt. Tierheilk., 68, 1934, 
1-23; Morrill and Graham, Am. Jour. Vet, 
Res., 2, 1941, 35-40; Brit. Jour, Exp. 
Path., IS, 1934, 372-380; Shope, Proc. 
Soc. Exp. Biol, and Med., 30, 1932, 308- 
309; Jour. Exp. Med., 64, 1931, 233-248; 
S7, 1933, 925-931; 62, 1935, 8^99, 10I-I17, 
Traub, ibid., 68, 1933, 663-681; 61, 1935, 
833-838. 

3. Scelus beta spec. nov. From beta, 
second letter of Greek alphabet, in ref¬ 
erence to common name. 

Common name: B virus. 

Hosts: HOMINI DAE — Homo sapiens 
L.,man. CERCOP IT HECI DAE—Ma¬ 
caco mulalla (Zimmermann), rhesus 
monkey. Experimentally, also LEPOR- 
IpAE—Oryciolagiis cuniculus (L.), rab¬ 
bit. CAVIIDAE—Caviaporcellus (L.), 
guinea pig. 

Geographical distribution: United 
States (from captive monkeys and man). 

Induced disease: In man, local and rela¬ 
tively insignificant lesion on bitten part, 
later flaccid paralysis of legs, urinary 
retention, ascending paralysis, and death 
by respiratory failure. In Macaca mu- 
lalta, experimentally by intracutaneous 
injection, hemorrliagic or vesiculo-pustu- 
lar lesions without later involvement of 
central nervous system but with subse¬ 
quent acquired immunity. Acidophilic 
intranuclear inclusions in lesions. 

Transmission: To man, by bite of mon¬ 
key. To monkey, experimentally, by 
injection. 

Literature: Burnet et al., Austral. Jour. 
Exp. Biol, and Med. Sci., 17, 1939, 35-40, 
41 - 51 ; Sabin, Brit. Jour, Exp. Path., 16, 
1934 , 248 - 268 , 268 - 279 , 321-334 ; Sabin and 


Hurst, ibid., 16, 1935. 133-148; Sabin and 
Wright, Jour. Exp. Med., 69, 1034, 115- 
136. 

4. Scelus tertlum spec. nov. From 
Latin iertius, third. 

Common name: Virus III of rabbits. 

Host: LEPORIDAE—Oryctolagus ci/- 
nicvlus (L.), domestic rabbit. 

Insusceptible species: No obvious dis¬ 
ease in inoculated guinea pig, white 
mouse, monkey (Macaca mulada Zim¬ 
mermann), rat, or man; hence the as¬ 
sumption that these are naturally im¬ 
mune, but they may be merely tolerant or 
klendusic. 

Geographical distribution: United 
States (apparently spontaneois in some 
individuals of the laboratory rabbit). 

Induced disease: In domestic rabbit, 
experimentally, after incubation period 
of 4 to 6 days, failure to eat, loss of weight, 
occasionally diarrhea and temperatures 
of 104 to 107® F; small, superficial, red 
spots and papules on skin at site of inocu¬ 
lation; local infiltration of tissues with 
endothelial leucocytes, swelling of in¬ 
volved epithelial cells; nuclear inclusions 
present in endothelial leucocytes and 
some other cells; disease not fatal; virus 
in circulating bbod only during early 
stages; recovery in a few days without 
scar formation but with development of 
specific immunity. The course of the 
natural disease, presumed to occur in 
rabbits, is still unknown. 

Transmission: Experimentally, by in¬ 
jection of filtrates from diseased tissues; 
on several occasions also from blood or 
tissues of apparently normal rabbits. 

Serological relationships: Specific neu¬ 
tralizing substances occur in the serum 
of recovered rabbits. 

Immunological relationships: Specific 
immunity but no cross reactions with 
vaccinia or herpes viruses. 

Thermal inactivation: In 10 minutes at 
55® C, but not in 30 minutes at 45® C. 

Filterability: Passes Berkefeld V and 
N filters; passes Lz filter candle. 

Other properties: Viable at least 6 
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weeks in 50 per cent glycerine and 16 
months dried when frozen, and stored 
on ice. 

Literature : Andrewes, Brit. Jour. Exp. 
Path., 10, 1929, 188-190, 273-280; Jour. 
Path, and Bact., 35, 1930, 301-312 ; 60, 
1940, 227-234; Rivers and Stewart, Jour. 
Exp. Med., 48, 1928, 603-613; Rivers and 
Tillett, ibid., 39, 1924, 777-802; 40, 1924, 
281-287; Topacio and Hyde, Am. Jour. 
Hyg., 15, 1932, 99-124. 

5. Scelus ulceris spec. nov. From 
Latin vlcus, sore spot. 

Common name : Ovine balano-posthitis 

virus. 

Host: BOVIDAE—Ovis arks L., 
sheep. 

Geographical dist ribut ion: United 
States, Australia. 

Induced disease: In sheep, ulceration 
with scab production : lesions most severe 
on prepuce and vulva; in the male, the 
penis may be involved, usually only with 
mild inflammation, but if accompanied by 
paraphimosis there may be e.xtensive ul¬ 
ceration and heavy scab formation. 

Transmission; Venereally. Experi¬ 
mentally, by inoculation of prepuce. 

Filterability: Passes Berkefeld N and 
W filters, a 7 lb Mandler candle, and a 3i 
per cent collodion membrane. 

Literature: Tunnicliff and Matisheck, 
Science, 94, 1941, 283-284. 

6 . Scelus mannorans spec. nov. From 
Latin marmorare, to marble, in reference 
to mottling of spleen and liver in host. 
Common name: Ectromelia virus. 
Hosts: MURIDAE—Mns musculus 
L., white mouse. Esperimentally, also 
UVRIDAE—Ratlus norvegicns (Ber- 
kenhout), rat (infection inapparent). 
Also, PH ASIAN IDAE—Gallus gallus 
(L.), chick embryo (12-day-oId Wliite 
Leghorn chick embryo at 36 to 37® C; 
less satisfactory results at higher tem¬ 
peratures of incubation or in embrj'os in 
spring eggs). Derived strains of this 
virus infect rabbit and guinea pig, not 
susceptible to original virus from mouse. 
Geographical distribution: England. 


Induced disease: In white mouse, 
spleen mottled, liver edges translucent, 
peritoneal fluid increased in amount; loss 
of weight; later, cutaneous lesions on 
foot or elsewhere; affected foot swells, 
becomes moist, scabbed, then recovers or 
dries up and separates from the skin at 
limit of original swelling; in acute dis¬ 
ease, death without gross lesions, or, at 
autopsy, gut dark red, liver dirty gray, 
soft, bloodless, sometimes mottled, spleen 
necrotic; inclusion bodies most numerous 
in lesions of the skin, round or oval, 4 to 
13 microns long, without internal differ¬ 
entiation; very young mice probably be¬ 
come infected without developing ap¬ 
parent disease and remain carriers for 
some time. In rat, inapparent infection; 
after initial increase of virus, circulating 
antibodies appear and immunity to rein¬ 
fection is established. 

Transmission: In mouse, by contact. 
In rat, experimentally, by intranasa 
inoculation. 

fierological relationships: Neutralizing 
antibodies occur in convalescent mouse 
serum. Immune sera from the guinea 
pig specifically agglutinate elementary 
bodies obtained from infected skin of the 


white mouse. 

Immunological relationships: Recov¬ 
ered mice are solidly immune to many 

lethal doses. • in 

Thermal inactivation: .Vt 55 t- m -ti. 


in 10 , minutes. 

Iterability : In broth, passes Mandler 
eur-Chamberland U. and Berkefeld 

ters. , ft 

her properties: Survives 
Ihs, freezing (-10° C) 2 months, » 
cent glycerine 5 months at least. 
Sts 1 per cent phenol 20, not 40, day^ 
, estimated by Bltration, 100 t^o 1 ^ 
microns; by ultraviolet-light p o 
v 130 to 140 millimicrons, 
fe’rature: Barnard and Elford 
, Soc. London, Ser. B, 109 ^ 

Baumgartner, Cent. f. Bakt., - 

ISS, 1935,282-289; 

. Path, and Bact., 4 ^. 1936 , 46^^. 

936, 105-120; Jahn, j 

h., I, 1939, 91-103; Kikuth and 
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Gonnert, Arch. f. Viruslorsch., 1 , 1940, 

295-312; Marchal, Jour. Path, and Pact * 

SS, 1930.713-728; McGaughey and White- 

head. i6(d., 37, 1933, 253-256; Paschen, 

Cent. f. Bakt., I Abt., Grig., 135, 1936, 
445-452. 

7. Scelus bovinum spec. nov. From 
Latin boehms, of ox. bull, or cow. 

Common name: Erosive-stomatitis 
virus. 

Host: BOVIDAE—Bos taunts L., 
domestic cattle. Experimentally, also 
chorioallantoic membrane of developing 
hen’s egg. 

Insusceptible species: CAVilDAE— 
Cavia poTccllus (L.), guinea pig. (In 
rats, rabbits, mice, sheep, no reaction has 
been noted after inoculation.) 

Geographical distribution: South 
Africa (Natal); perhaps Ireland 
(Armagh-disease virus). 

Induced disease: In young domestic 


cattle, lesions on tongue, dental pad, and 
lips pearl-like at first, then breaking down 
to form superficial erosions, with white 
glistening base and red border. Lesions 
may coalesce to form large, ragged, eroded 
areas, healing uneventfully with scar 
formation. No foot lesions; no excessive 
salivation; no “hotness” of mouth; no 
systemic disturbances. 

Transmission: Spreads slowly, mainly 
to animals less than three years old, prob¬ 
ably by contact. Experimentally, by 
injection into dental pads, lips, or tongue. 
Filterability: Passes Gradocol membrane 
of about 4(X) millimicron average pore 
diameter. 

Other properties: Viable after at least 
11 days at room temperature, 21 days at 
refrigerator temperature, 6 weeks frozen 
and dried in horse-serum saline. 

Literature: Mason and Neitz, Onder- 
stepoort Jour. Vet. Sci. and Anim. In¬ 
dust., 15, 1940, 159-173. 


Genus IV. Hostls gen. nov. 

Viruses of the Foot-and-Mouth Disease Group, inducing diseases mainly charac- 
enzed by vesicular lesions. Generic name from Latin hosiis, enemy or stranger. 
The type species is Hostis pecoris spec. nov. 

Key to the species of genus Hostls. 


I. Infecting cattle and other animals 
resistant. 

11. Infecting horse readily. 


1.^ Hostls pecoris spec. nov. From 
Latin pecus, cattle. 

Common names: Foot-and-mouth dis¬ 
ease virus; Virus der Maul- und Klauon- 
eeuche. 

Hosts ; Cow, pig, sheep, goat, reindeer, 
ison. Experimentally, also guinea pig, 

rabbit, rat. 

Insusceptible species: Chick embryo 
(c orioallantois); horse (immune or very 
resistant). 

Induced disease: In cow, after incuba- 
lon period of 2 to 4 days or more, fever, 
vesicular lesions on tongue, lips, gums, 

soon rupturing; 
salivation, lameness, generally recovery. 


with cloven hoofs; horse immune or highly 

1 . Hosiis pecoris. 

2. Hosiis equinus. 

Transmission: Spread rapid, source of 
infection often obscure; saliva is infective 
before lesions become obvious. 

Thermal inactivation: At 70® C, not at 
60® C, in 15 minutes. 

Filterability: Passes Seitz, Berkefeld 
V and N, and Chamberland Ln filters. 

Strains: Three strains, A, 0 and C, are 
immunologically distinct from each other. 

Other properties: Particle calculated 
to be about 20 millimicrons in diameter by 
centrifugation data, 8 to 12 millimicrons 
in diameter by filtration; may be sep¬ 
arated from mixtures with the larger 
equine vesicular stomatitis virus by dif¬ 
ferential filtration. Viable after drying 
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in vacuo, at least a week at —4 to 0® C. 
Readily destroyed by 1 to 2 per cent 
sodium hydrate or above pH 11. Soon 
inactivated near pH 6.0, but moderately 
stable at pH 2.0 to 3.0; optimum condition 
for storage at pH 7.5 to 7.7 in absence of 
air; return from 3.0 to 7.5 inactivates, 
however. 

Literature : Elford and Galloway, Brit. 
Jour. Exp. Path., 18, 1937, 155-161; 
Galloway and Elford, ibid., 14, 1933, 400- 
408; 16, 1935, 588-613; 17, 1936, 187-204; 
Galloway and Schlesinger, Jour. Hyg., 
37, 1937, 463-470; Hare, Jour. Path, and 
Bact., 35, 1932, 291-293; Loeffler and 
Frosch, Cent. f. Bakt., I Abt,, ^3, 1898, 
371-391; Matte and Sanz, Bull. Soc. Path. 
Exot., 14, 1921, 523-529; Olitsky and 
Boez, Jour. Exp. Med., 45, 1927, 673-683, 
685-699, 815-831, 833-S48; Pyl, Ztschr. f. 
physiol. Chemie, B26, 1934,18-28; Pyl and 
Klenk, Cent. f. Bakt., I Abt., Orig., 
1S8, 1933, 161-171; Schlesinger and Gallo¬ 
way, Jour. Hyg., 37, 1937, 445-462. 

2. Hostis equinus spec. nov. From 
Latin equinus, pertaining to horses. 

Common names: Vesicular-stomatitis 
virus, equine vesicular stomatitis virus. 

Hosts: Horse, domestic cattle. Ex¬ 
perimentally, also guinea pig, swine, 
white mouse, rabbit (relatively resistant), 
chick embryo; Macaca mvlalta (Zimmer- 
mann), rhesus monkey; M. irus, 
cynomolgus monkey. 

Insusceptible species: Chicken (ex¬ 
cept embryo). 

Geographical distribution: United 
States (Indiana, New Jersey). 

Induced disease: In horse, resembles 
foot-and-mouth disease of cattle; red¬ 
dened patches on buccal mucosa, mod¬ 
erate fever, salivation, followed by ap¬ 
pearance of vesicles, especially on tongue, 
611ed with clear or yellowish fluid; vesi¬ 
cles often coalesce and soon rupture 
leaving an eroded surface which heals 
soon in the absence of complications. 


Experimentally, in chorioallantois of de¬ 
veloping chick embryo, primary lesions 
involve moderate ectodermal prolifera¬ 
tion, degeneration, necrosis; mesodermal 
inflammation; slight endodermal pro¬ 
liferation. 

Serological relationships: Strains iso¬ 
lated in different localities give antisera 
capable of neutralizing heterologous iso¬ 
lates of virus, but homologous antisera 
neutralize in higher dilutions than do 
heterologous antisera. 

Immunological relationships: No cross 
immunity with respect to equine en¬ 
cephalomyelitis virus. 

Filterability: Passes Seitz filter. 

Other properties: May be separated 
from mixtures wdth foot-and-mouth dis¬ 
ease virus by propagation on chorioallan¬ 
toic membrane of chick embryo, which 
will not support increase of the latter 
virus. Inactivated by 1:50,000 methyl¬ 
ene blue in 2 mm layer 13 cm from 300 
candle-power lamp in 60 minutes but not 
in 20 minutes. Particle estimated on the 
basis of filtration data to be 70 to 100 
millimicrons in diameter; 60 millimicrons 
in diameter by centrifugation. Not de¬ 
stroyed by acidifying to pH 3 and return¬ 
ing to pH 7.5 (difference from foot-and- 

mouth disease virus). 

Literature: Burnet and Galloway, 
Brit. .lour. Exp. Path., 15, 1934, 105-113, 
Cox and Olitsky, Proc. Soc. Exp. Biol, 
and Med., SO, 1933, 653-654; Cox etal., 
ibid., SO, 1933, 896-898; Elford and Gallo¬ 
way, Brit. Jour. Exp. Path., 18, 1937, 
155-161; Galloway and Elford, ibid., 14, 
1933, 400-108; 16, 1935, 588-613; Mohler, 
Jour. Am. Vet. Med. Assoc., 53, 1918, 
410-422; Olitsky et al., Jour. E-xp. Med., 
59, 1934,159-171; Pyl, Ztschr. f. physio - 
Chemie, 1934, lfr-2S; Sabin and 

Olitsky, ibid., 66, 1937, 15-34, 3o-57; 67, 
1938, 201-228, 229-249; Syverton et ai., 
Science, 78, 1933, 216-217. 
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Genus V. Molltor gen. nov. 

Viruses of the Wart-Disease Group, inducing diseases mainly characterized by tissue 
proliferation without vesicle or pustule formation. Generic name from Latin molitor, 
contriver. 

The type species is Molitor verrucae spec. nov. 


Key to the species of genus Molitor. 

1. Molitor verrucae. 

2. Molitor kominis. 


I. Affecting man. 


II. Affecting cow. 

III. Affecting dog. 

IV. Affecting chicken. 

V. Affecting rabbit 


1. Molitor verrucae spec. nov. From 
Latin verruca, wart. 

Common name: Common-wart virus. 

^ostsiHOMINIDAE—Homo sapiens 
L., man. Perhaps also BO —Bos 

taurus L., cow. CAN IDAE—Canis 
familiaris L., dog. 

Induced disease: Experimentally in 
man, incubation period long, 4 weeks to 
6 or more months; initially acanthosis 
(overgrowth of prickle cell layer of epi¬ 
dermis) and flattening of the papillae; 
later, interpapillary hypertrophy, in¬ 
flammation, and marked hyperkeratosis. 

Transmission: By contact; in some 
cases, venereally. Experimentally, by 
skin scar fication. 

Filterability: Passes Berkefcld N filter. 

Literature: Ciuffo, Giorn. ital. d. 
malattie veneree e d. pelle, 48, 1907, 12- 
17; Kingery, Jour. Am. Med. Assoc., 76, 
1921,440-442; Payne, Brit. Jour. Dermat,, 
3, 1891, 185-188; Schultz, Deutsch. med. 
Wchnschr., S4, 1908, 423; Serra, Giorn. 
ffal. d. malattie veneree e d. pelle, 65, 
1924, 1808-1814; Ullmann, Acta oto- 
laryngologica, 5, 1923, 317-334; Wile and 
I^ingery, Jour. Am. Med. Assoc., 73, 
1919, 970-973. 

fc' homlnis comb, nov, 

i^ifongylopUuma kominis LipschQtz, 


3. Mclitor bovis. 

4. Molitor buccalis. 

5. Molitor tumoris. 

6. Molitor gingivalis. 

7. Molitor sylvilagi. 

8. Mclitor myxomae. 

Arch. Dermat. u. Syph., 107, 1911, 395.) 
From Latin homo, man. 

Common name: Molluscum contagiosum 
virus. 

Host: HOMJNIDAE—Homo sapiens 

L., man. 

Geographical distribution: Perhaps es¬ 
sentially world-wide. 

Induced disease: In man, experimen¬ 
tally, prodromal period may be 14 to 50 
da 3 ’ 8 , lesions at first like pimples, becom¬ 
ing red, painful, swollen, developing into 
small tumors covered with si retched and 
shiny skin; lesions commonest on face, 
arms, buttocks, back, and sides, he.-il- 
ing spontaneously. Inclusions w'ithin 
epithelial cells, know'n as molluscum 
bodies, measure 9 to 24 microns in diame¬ 
ter when approximately spherical, 24 to 
27 microns in width and 30 to 37 microns 
in length when elongated; they contain 
elementary bodies about 0.3 micron in 
diameter. The outer envelope of the 
molluscum body is of carbohydrate. 

Transmission: By contact. By 

fomites. 

Filterability: Passes Charaberland Li 
and Berkefeld V filters. 

Literature: Goodpasture and King, 
Am. Jour. Path., 3, 1927, 385-394; Good- 
pasture and Woodruff, ibid., 7, 1931,1-8; 
Juliusberg, Deutsch. med. Wchnachr., 
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SI, 1905, 1598-1599; Lipschiitz, Arch. 
Dcrmat. u. Syph., 107, 1911, 387-396; in 
Kolle, Kraus and Uhlenhuth, Handbucli 
der Pathogenen Mikroorganismen, 8, 
1930, 1031-1040; Van Rooyen, Jour. Path, 
and Bact., 46, 1938, 425-436; 49, 1939, 
345-349; Wile and Kingery, Jour. Cutan. 
Dis., 37, 1919, 431-446. 

3. Molitor bovis spec. nof. From Latin 
60 s, cow. 

Common name : Cattle-wart virus. 

Host: BOVIDAE — Bos iaurus L., do¬ 
mestic cattle. 

Geographical distribution: United 
S tates. 

Induced disease: In cattle, especially 
about head, neck, and shoulders in young 
animals, on udders in cows, affected skin 
thickened at first, then rough, nodular; 
warts sometimes become large and pendu¬ 
lous, adversely affecting growth of host; 
they sometimes become cauliflower-like 
tumors several inches in diameter; spon¬ 
taneous regression is not infrequent. 
Hides from affected animals are reduced 
in value. 

Transmission: Believed to be through 
injuries to skin when the injured part 
comes in contact with warty animals or 
with rubbing posts, chutes, fences, build¬ 
ings, or other structures with which 
affected animals have come in contact pre¬ 
viously. Experimentally, by skin inocu¬ 
lations, especially in animals under 1 year 
of age. 

Filterability: Passes Berkefeld N filter. 

Literature: Creech, Jour. Agr. Res., 
39, 1929, 723-737; U. S. Dept. Agr., Leaf¬ 
let 75, 1931, 1-4. 

4. Molitor buccalis spec. nov. From 
Latin bucca, cheek. 

Common name: Canine oral-papillo¬ 
matosis virus. 

Host: CANIDAE—Cants familiaris 
L., dog. 

Insusceptible species: Cat, rabbit, 
guinea pig, rat, mouse; Macaco mulatto 
(Zimmermann), rhesus monkey. 

Induced disease: In young dog, experi¬ 
mentally, about 1 month after inocula¬ 
tion of buccal membrane by scarification. 


pale, smooth elevations, becoming gradu¬ 
ally more conspicuous and roughened; 
finally a mass of closely packed papillae 
is formed. Regression with subsequent 
immunity is frequent; no scars are left 
on regression. Secondary warts often 
appear in other parts of the mouth 4 to 6 
weeks after primary warts have first been 
observed. 

Transmission : Experimentally by skin 
scarification. 

Serological relationships: Not inhibited 
by antiserum effective against common- 
wart virus of man. 

Thermal inactivation: At some tem¬ 
perature between 45 and 58® C in 1 hour. 

Filterability : Passes Berkefeld N filter. 

Other properties: Viable after freezing 
and drying, if stored dry in icebox, at 
least 63 days; in storage in equal parts of 
glycerine and 0.9 per cent NaCl solution 
at least 64 days. 

Literature: DeMonbreun and Good- 
pasture, Am. Jour. Path., 8, 1932, 43-56; 
M'Fadyean and Hobday, Jour. Comp. 
Path, and Therap., 11, 1898, 341-344; 
Penberthy, ibid., 11, 1898, 363-365. 

5. Molitor tumoris spec. nov. From 

Latin tumor, swelling. 

Common names: Fowl-sarcoma virus, 
Rous chicken-sarcoma virus. 

Hosts: PH ASIA N ID AE—Callus gal- 
lus (L.), chicken. E.xperimentally, also 
pheasant (serial transfer difficult) and 
duck (by cell transfer only but filtrates 
from duck infect injected chicken). 

Insusceptible species: Turkey, guinea 
fowl (both immune to filtrates but ca¬ 
pable of supporting tumor line if alterna¬ 
ted in a series with common fowl hosts), 

geese. 

Induced disease; In hen, original y 
found in an adult, pure-bred hen of 
Barred Plymouth Rock variety. Experi¬ 
mentally transmitted, a circumsenbed 

nodule soon becomes evident at site 0 
implantation; later this becomes necrotic 
ur cystic at its center; as growth enlarges, 
host becomes emaciated, cold, soninolen , 
and finally dies; discrete metastases are 
often found in lungs, heart, and hver. 
Parent cell of sarcoma is claimed to 
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the normal histiocyte, but virus in tlie 
affected fowl is not confined to tlie sar¬ 
coma, being widespread in the body in 
spleen, liver, muscle, brain, etc. In the 
chick embryo, serial passage is feasible on 
the egg membrane, in which focal lesions 
involve only ectodermal tissue. 

Transmission: By injection of affected 
fowl cells or filtrates. Certain trans¬ 
missible tar-induced sarcomas, not in¬ 
fecting by filtrates, nevertheless induce 
the formation of antibodies capable of 
neutralizing this virus. An inhibitor of 
the virus extracted from tumors appears 
to be a protein, inactivated at 65® C, but 
not at 55® C, in 30 minutes and destroyed 
by trypsin in 3 to 5 hours at pH 8. Oleic 
acid also may act as an inhibitor. No 
spontaneous transmission in chickens 
kept together. 

Serological relationships: Particles sedi¬ 
mented by centrifugal force 20,000 to 
30,000 times gravity are specifically ag¬ 
glutinated by sera of fowls bearing 
corresponding tumor. At least one anti¬ 
gen in tumors of hen and duck not in 
healthy birds; this one fixes complement 
and gives cross reactions with Rous, Mill 
Hill 2, Fujinami, and RFD2 tumors. 
Virus injected into goats produces two 
antibodies but only one if previously 
heated; the antibody to the heat-stable 
constituent requires complement to neu¬ 
tralize virus; the only antibody produced 
in ducks does not require complement to 
neutralize. 

Thermal inactivation: At or below 54® 
C in 20 minutes. 

Filterability: Passes Berkefeld V and 
no. 5 (medium) filters. 

Other properties: Particle size esti- 
niated as alwut 100 millimicrons (but 
some say 50 or even 15 millimicrons) in 
diameter by filtration through graded 
membranes, about 70 millimicrons 
(molecular weight 140,000,000) by ultra¬ 
centrifugation. Contains 8.5 to 9.0 per 
^nt nitrogen, 1.5 per cent phosphorus. 

rotein tests positive. Feulgen reaction 
or thymonucleic acid absent; 10 to 15 
per cent of the protein may be nucleic 


acid, probably of ribose type. Pentose 
present. Virus believed to be of globulin 
nature or attached to globulin particles 
(Lewis and Mendelsohn, Am. Jour. Ilyg., 
12, 1930, 68(H)S9). \'ial>le indefinitely in 
dried spleen as in dried sarcoma tissues. 

Strains: Several strains have been 
studied in addition to the original Rous 
sarcoma no. 1 strain; immunological rela¬ 
tionships have been shown between the 
original strain, the des Ligneris sarcoma 
strain, the Fujinami sarcoma strain, the 
fibrosarcoma Mill and endothelioma 
MH2 strains; other isolates also have 
shown serological interrelationships. 

Literature: .Vmies, Jour. Path, and 
Bact., 44, 1937,141-166; Amies et al., Am. 
Jour. Cancer, 3S, 1939, 72-79; .Andrewes, 
Jour. Path, and Bact., $4, 1931, 91-107; 
35, 1932, 407-413 ; 37, 1933, 17-25, 27-44; 
43, 1936, 23-33; Claude, Jour. Exp. Med., 
56, 1937,59-72; Science, 87, 1938, 467-468; 
90, 1939, 213-214; Am. Jour. Cancer, 37, 
1939, 59-63; Claude and Rothen, Jour. 
Exp. Med., 71, 1940, 619-633; Dmochow- 
ski and Knox, Brit. Jour. E.xp. Path., 20, 
1939, 466-472; Elford and Andrewes, 
ibid., 16, 1935, 61-66; Gye and Purdy, 
Jour. Path, and Bact., 34, 1931, 116-117 
(Abst.); Haddow, ibid., 37, 1933,149-155; 
Helmer, Jour. Exp. Med., 64, 1936, 333- 
338; Keogh, Brit. Jour. Exp. Path., 19, 
1938, 1-9; Ledingham and Gye, Lancet, 
228, 1935 (/), 376-377; Lewis and Men¬ 
delsohn, Am. Jour. Hyg., 12, 1930, 686- 
689; des Ligneris, .Am. Jour. Cancer, 16, 
1932, 307-321; McIntosh, Jour. Path, and 
Bact., 4i, 1935, 215-217; Mellanby, Jour. 
Path, and Bact., 49, 1938, 447-460; 47, 
1938, 47-64; Mendelsohn et al., Am. 
Jour. Hyg., 14, 1931, 421-425; Purdy, 
Brit. Jour. Exp. Path., 13, 1932, 473-479; 
Rous, Jour. E.xp. Med., 13, 1911, 397-411. 

6. Molitor gingivalis spec. nov. From 
Latin gingiva, gum. 

Common name: Rabbit oral-papilloma¬ 
tosis virus. 

Hosts : LEPOItIDAE—Oryctolagus 
cuniculus (L.), domestic rabbit. Ex¬ 
perimentally, also Lepus americanus 
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Erxleben, snowshoe hare; L. californicus 
Gray, jack rabbit; Sylvilagus sp., cotton¬ 
tail rabbit. 

Geographical distribution: United 
States. 

Induced disease: In rabbit, benign 
papillomas, having the form of small, 
discrete, gray-white, sessile or peduncu¬ 
lated nodules, usually multiple, on lower 
surface of tongue or, less frequently, on 
gums or floor of mouth. 

Transmission: Perhaps by mother to 
suckling young, with a latent period be¬ 
fore onset of disease. Not highly con¬ 
tagious, if contagious at all, in old animals. 
Experimentally by puncture of tissues in 
the presence of \irus. 

Immunological relationships: Specific 
immunity develops as a result of disease, 
but no cross immunity with respect to 
rabbit-papilloma virus, which differs also 
in failing to act on oral mucosa. 

Filterability: Passes Eerkefeld V and 
N filters. 

Literature: Parsons and Kidd, Jour. 
Exp. Med., 77, 1943, 233-250. 

7. Molitor sylvilagi spec. nov. From 
New Latin Sylvilagus, generic name of 
cottontail rabbit. 

Common names: Rabbit papilloma or 
papillomatosis virus, rabbit wart virus. 

Hosts: LEPORIDAE—Sylvilagus sp., 
cottontail rabbit. Experimentally, also 
LEPORIDAE — Oryctolagus cuniculus 
(L.), domestic rabbit. 

Geographical distribution: United 
States. 

Induced disease: In cottontail rabbit, 
at first minute elevations along lines of 
scarification; later solid masses of wrin¬ 
kled keratinized tissue, 3 to 4 millimeters 
in thickness; eventually cornified warts, 
striated perpendicularly at top, fleshy at 
base, 1 to 1.6 cm in height; regression 
rare; natural papillomas become malig¬ 
nant occasionally. In domestic rabbit, 
experimentally, blood antibody remains 
low but virus is always masked, prevent¬ 
ing serial passage; discrete lesions on skin 
permit quantitative tests; tarring causes 


localization of virus from blood stream; 
papillomas give rise to malignant acan- 
thomatous tumors by graded continuous 
alteration; metastasis frequent; trans¬ 
plantation to new hosts successful in 
series; antibody specific for the virus is 
formed continuously in the transplanted 
growths although virus is not directly 
demonstrable by subinoculation from 
them; malignant growths appear more 
promptly and frequently where epidermis 
has been tarred long; virus appears 
specific for epithelium of skin; growths 
disappear if treated with X-rays, 3600 r 
at one time or fractionally; 60 per cent 
are cured with 3000 r, but 2000 r ineffec¬ 
tive. 

Transmission: Experimentally, by 
scarification of skin. Abnormal suscepti¬ 
bility to infection is noted in rabbit skin 
treated with 0.3 per cent methylcholan- 
threne in benzene or equal parts of tur¬ 
pentine and acetone. 

Serological relationships: Specific neu¬ 
tralization, reversible on dilution. Com¬ 
plement fixation specific, w'ith virus 
particle as antigen; no cross reaction with 
antisera for vaccinia, herpes, fibroma, or 
myxoma viruses. Precipitates occur in 
properly balanced mixtures of virus and 
specific antiserum; virus and antibody 
in both free and neutralized states are 
present in both soluble and insoluble 

phases of these suspensions. 

Immunological relationships: Intro- 
peritoneal injections immunize specifi¬ 
cally. Rabbits immunized to fibroma 
and my.\oma viruses are susceptible to 

rabbit papilloma virus. 

Thermal inactivation: At 70® C, not 
at 65 to 67®C, in 30 minutes; in 0.9 
cent sodium chloride solution at 65 to 6t> 

C, time not stated. ,, tt tm 

Filterability: Passes Berkefeld V, in, 
and W filters; particle size calculated as 
23 to 35 millimicrons by filtration as com¬ 
pared with 32 to 50 millimicrons by cen¬ 
trifugation and 44.0 millimicrons by 
measurement of electron micrographs, 
which show the particle to be approx - 
mately spherical in shape. 
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Other properties: Infectious particle 
has sedimentation constant S» = ca. 250 
X 10~“ cm per sec. per dyne; usually 
there is a secondary Iwundary at about 
375 X 10“**. Isoelectric point between 
pH4.8and5.1. Maximum absorption at 
about 2750 A. Contains thymus nucleic 
acid about 6.8 to 8.7 per cent; maximum 
absorption of nucleic acid at about 
2630 A. 

Literature; Beard et al., Jour. Inf. 
Dis., 65, 1939. 43-52; 69, 1941, 173-192; 
Bryan and Beard, ibid., 65, 1939, 306-321; 
Friedewald, Jour. Exp. Med., 75, 1942, 
197-220; Hoyle, Jour. Path, and Bact., 
50, 1940, 169-170; Kidd, Jour. Exp. Med., 
6B, 1938, 703-724, 725-759; 70, 1939, 583- 
604 ; 71, 1940, 469-494; 74, 1941, 321-344; 
76, 1942, 7-20; Kidd and Hous, ibid.,68, 
1938, 529-562 ; 71, 1940, 813-838, Kidd et 
al., ibid., 64, 1936, 63-77, 79-96; Rous and 
Beard, ibid., 60, 1934, 701-722; 6^, 1935, 
523-548; Rous and Kidd, ibid., 67, 1938, 
399-428; 71, 1940, 787-812; Rous et al., 
64, 1936, 385-100, 401-124; Schles- 
inger and Andrewes, Jour. Hyg., 37, 
1937, 521-526; Sharp et al., Proc. Soc. 
Exp. Biol, and Med., 53, 1942, 205-207; 
Shope, Jour. Exp. Med., 58,1933,607-624; 
65, 1937, 219-231; Syverton et al., ibid., 

73, 1941, 243-248; Taylor et al., Jour. Inf. 

His., 71, 1942, 110-114. 

8. Molltor myzomae (Aragao) comb, 
nov. (Chlamidozoon myxomae Aragfto, 
Brazil-Med., 26, 1911, 471; name later 
abandoned by its original author in favor 
^ Sirongyhplasma myxojnae Aragfio, 
Mem. Inst, Oswaldo Cruz. 20, 1927, 231 
and 243. The name SaTtarellia cunicvli 
Lipschiitz, Wien. klin. Wochenschr., 40, 
927, 1103, was based on the supposed 
causative organism, defined as varying in 
size between the size of chlamydozoa and 
^ arge cocci; it is not clear whether the 
structures observed and named were 
virus particles or not.) From New Latin 

myxoma, a kind of soft tumor, from nature 
of induced lesion. 

Common names: Myxoma virus, virus 

myxomalosum. 


Hosts: LEPORIDAE—Oryclolctgus 
cunicidu.‘i (L.)^ domestic rabbit. Ex¬ 
perimentally, also Syhilagus sp., cotton¬ 
tail rabbit; jack rabbit (once in many 
trials); Lepus brasiliensis (resistant and 
rarely infected). Also chick embryo and 
duck embryo. 

Insusceptible species: Lepus califor- 
nicus Gray, black-tailed jack rabbit; L. 
amcricanus Erxleben, varying h.are; Syl- 
vilagus transitionatis Bangs, cottontail; 
horse, sheep, goat, cattle, dog (but one 
reported infected), guinea pig, rat, 
mouse, fowl, pigeon, duck, cat, hamster, 
monkey; man (but some conjunctival 
pain and swelling). 

Geographical distribution:South Amer¬ 
ica (Brazil, Uruguay, Argentina), United 
States (California). 

Induced disease: In domestic rabbit, a 
disease {myxomotosis cunicili) almost al¬ 
ways fatal at ordinary room temperatures 
but not at 36 to 42® C, lesions fewer and 
regressing after 6 to 8 days at these higher 
temperatures in most animals. At ordi¬ 
nary temperatures, nodules (edematous 
tumors) in skin near eyes, nose, mouth, 
ears, and genitalia; edema of eyelids; 
conjunctivitis with purulent discharge 
if skin around eyes is involved. Later 
marked dyspnea, stertorous breathing, 
cyanosis, asphyxia. Animals usually die 
within 1 to 2 weeks of infection. Virus 
enters bloodstream and invades nervous 
system at random through walls of blood 
vessels. Discharges from nose, eyes, and 
the serous exudates from affcclcd tissues 
are infectious; urine and feces are not. 
There are cytoplasmic inclusions in af¬ 
fected epidermal cells. In chick em¬ 
bryo, experimentally, intense inllamma- 
tion, eventual impairment of circulation 
and necrosis locally; growth best if em¬ 
bryo is grown at 33 to 35® C and chilled 
to 25® C for 12 to 18 hours before or after 
inoculation, lesions being linear and asso¬ 
ciated with capillaries in ectoderm; virus 
infects and is recoverable from embryo 
and depresses hatch. 

Transmission: By contact with dis¬ 
eased rabbits or cages recently occupied 
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by them. Through air for a few inches. 
Ilarely by feeding. Experimentally, by 
rubbing conjunctiva with a bit of infected 
tissue or with a platinum loop contam¬ 
inated from diseased conjunctiva; has 
been recovered from flies. By injection. 
By flea, Ctenopsyllajelis {PULICWAE), 
rarely. 

Serological relationships : An attack of 
the disease induces the formation of neu¬ 
tralizing antibodies. Cross neutraliza¬ 
tion by antisera to myxoma and fibroma 
strains. Complement is fixed with myx¬ 
oma virus as test antigen in the presence 
of antisera to myxoma or fibroma strains. 
Serum of rabbit inoculated with a soluble 
antigen, a heat-labile protein with iso¬ 
electric jKiint near pH 4.5, agglutinates 
myxoma elementary bodies. A second 
soluble antigen, also heat labile, appears 
distinct, inhibiting its own antibody even 
after inactivation of its precipitating 
power by exposure at 50® C. 

Immunological relationships: Myxoma- 
recovered domestic rabbits become 
immune to reinfection; fibroma-strain-re¬ 
covered animals, although partially im¬ 
munized, still support myxoma-strain 
virus introduced into the testicle. Heat- 
inactivated virus (60® C for 30 minutes) 
tends to immunize if given intradermally; 
there is then an allergic local response, 
less severe generalized disease, delayed 
death or recovery. If fibroma virus pre¬ 
cedes myxoma virus by 48 to 96 hours, 
there is marked protection. 

Thermal inactivation: At 55® C in 10 
minutes; at 50® Cin 1 hour. A substance 
thermostabile for 30 minutes at 60 to 75® 
C, but not at 90® C, is itself unable to 
produce myxomatous changes after the 
heat treatment but may do so in com¬ 
bination with fibroma virus, and trans¬ 
missible myxoma virus is then reconsti¬ 
tuted. Although it is supposed by some 
that this indicates the transformation of 
fibroma-strain virus into my.xoma-strain 
virus, the possibility that heat-modified 
myxoma-strain virus is reactivated has 
not been eliminated. 


Filterability: Passes Berkefeld V and 
N filters; not Chamberland Ls or Lt 
filters. 

Other properties: Inactivated above 
pH 12.0 and below pH 4.0. Withstands 
drying. Viable at least 3 months at 8 to 
10® C. 


Literature: Aragao, Brazil-med., £6, 
1911, 471; Mem. Inst. Oswaldo Cruz,SO, 
1927, 225-235; Berry and Dedrick, Jour. 
Bact., SI, 1936, 50-51 (Abst.); Berry and 
Lichty, ibid., SI, 1936, 49-50 (Abst.); 
Berry et al., Second International Cong¬ 
ress for Microbiology, Report of Proceed¬ 
ings, London, 1936, 96 (Abst.); Fisk and 
Kessel, Proc. Soc. Exp. Biol, and Med., 
29, 1931, 9-11; Gardner and Hyde, Jour. 
Inf. Dis., 71, 1942, 47-49; Hobbs, Am. 
Jour. Hyg., 8, 1928, 800-839; Science, 73, 
1931, 94-95; Hoffstadt and Omundson, 
Jour. Inf. Dis., 68, 1941, 207-212; Hoff¬ 
stadt and Pilcher, Jour. Bact., S6, 1938, 


53-367; 39, 1940, 40-41; Jour. Inf. Dis., 
4, 1939, 208-216; 66, 1939, 103-112; 
[offstadt et al., ibid., 68, 1941, 213-219; 
:. E. Hyde, Am. Jour. Hyg., SS, 1936, 
78-297; R. R. Hyde, ibid., SO (B), 1939. 
7^6, 47-55; Hyde and Gardner, ibid., 
7, 1933, 446-465; SO, (B), 1939 , 57-63; 
:essel et al., Proc. Soc. Exp. Biol, and 
led., 28, 1931, 413-414; LipschUtz, 
,'ien.klin.Wchschr..40,1927,1101-1103; 
ush, Austral. Jour. Exp. Biol, and Med. 
ci., 15, 1937, 131-139; 17, 1939, 86-S8; 
[artin. Austral. Counc. Sci. and Indust, 
es.. Bull. 96, 1936, 28 pages; Moses, 
[em. Inst. Oswaldo Cruz, S, 1911 ,46-W, 
arker and Thompson, Jour. Exp. Med., 

; 1942, 567-573; Plotz, Compt. rend. 
>L Biol., Paris, 109, 1932, 1327-1329; 
ivers. Jour. Exp. Med., Bl, 1930, 9^ 
'6; Rivers and Ward, ibid., 66, 1W'» 
•14; Rivers et al., ibid., 69, 1939, 31-48, 
marelli, Cent. f. Bakt., I Abt, 26, 

198, 865-873; Shaffer, Am. Jour. 

: (B), 1941, 102-120; Shope, Jour. L.xp- 
ed., 66, 1932, 803-822; Smadel et aK, 
id., 72, 1940, 129-138; Spl^^dor^-f^,! 
Bakt., I Abt., Orig., 4S, 1909, 3^30 , 
ewart, Am. Jour. Cancer, 16 SuppI- 
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1931, 2013-2028; Swan, Austral. Jour. 

Exp. Biol, and Med. Sci., 19, 1941, 113- 
115. 

Strains and substrains: A strain from 
cottontail rabbits {Sylvilagus sp.), differ¬ 
ing from typical myxoma virus, has been 
studied extensively under the name 
fibroma virus. This strain in turn is rec¬ 
ognized as consisting of variants and has 
been investigated as typical (OA) and 
inflammatory (lA) substrains, antigeni- 
cally alike but the latter tending to 
generalize in domestic rabbits. Fibroma 
virus is not lethal in domestic rabbits as 
the type strain almost always is; it 
appears to lack some antigenic constitu¬ 
ents, inducing the formation of agglu¬ 
tinins that give cross reactions with the 
type but of neutralizing and complement¬ 
fixing antibodies that do not. Tlie fi¬ 
broma strain does not generally appear 
in the blood stream, as my.xoma virus 
does, and is not contagious, at least it 


does not spread spontaneously among 
domestic rabbits as the my.xoma strain 
does; the manner of its spread in wild 
rabbits in nature is not known. Its 
particle size has been calculated as 126 
to 141 millimicrons by centrifugation, 
125 to 175 millimicrons by filtration. 
(Ahlstrom, Jour. Path, and Bact., 46, 

1938,461-472 ;Andrewes,Jour. Exp. Med., 

63, 1936, 157-172; Hoffstadt and Pilcher, 
Jour. Inf. Dis., 68, 1941, 67-72; Hurst, 
Brit. Jour. Exp. Path., 18, 1937, 1-30; 
Austral. Jour. E.xp. Biol, and Med. Sci., 
16, 1938,53-64,205-208; Hyde, Am. Jour. 
Hyg., 24, 1936, 217-226; Ledingham, 
Brit. Jour. Exp. Path., 18, 1937,436-449; 
van Rooyen, ibid., 19, 1938, 156-163; van 
Rooyen and Rhodes, Cent. f. Baku, I 
.\bt.,Orig.,/4?,1938,149-153;Schlesinger 
and Andrewes, Jour. Hyg., 37, 1937, 
521-526; Shope, Jour. Exp. Med., 56, 
1932, 793-822; 63, 1936, 33-41, 43-57, 
173-178. 
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FAMILY III. ERRONACEAE FAM, NOV. 

Viruses of the Encephalitis Group, inducing diseases mainly characterized by ef¬ 
fects on nerve tissues. 


Key to (he genera of family Erronaceae. 

I. Viruses of fhc Typical Encephalitis Group. 

Genus I. Erro, p. 1248. 

II. Viruses of the Poliomyelitis Group 

Genus II. Legio, p. 1257. 

III. Viruses of the Rabies Group. 

Genus Ill. Formidoj p. 1263. 


Genus I. Erro gen. nov. 

Viruses of the Typical Encephalitis Group, inducing diseases mainly characterized 

by injuries to cells of 1 he brain. Vectors of some known to be licks j dipterous insects 

1 . 1 'v also transmit. Generic name from Latin erro, a vagrant. 

% 

The type species is Erro scolicus spec. nov. 


Key to (he species of genus Erro. 


I. Affecting sheep principally, but also man. 

1. Erro scolicus. 


II. Affecting man principally. 

2. Erro silvestris. 

3. Erro incognitus. 

4. Erro japonicus. 

6. Erro nili. 

6. Erro scelesius. 


III. Affecting horse principally, but also man. 

7. Erro equinus. 

IV. Affecting horse, cow, sheep. 

8. Erro bornensis. 


1. Erro scotlcus spec. noy. From Latin 

Scolicus, Scottish. 

Common name; Louping-ill virus. 
Hosts: BOV /DAE—Ovis aries L., 
sheep. HOMlNIDAE—IIomo sapiens 
L., man. Experimentally, also mouse, 
rat (subclinical infection), chick embryo 
(discrete primary lesions on chorioallan¬ 
toic membrane), Macacus rhesus, horse, 

cow, pig. 

Insusceptible species: Guinea pig, 
rabbit. 

Geographical distribution: Scotland, 
northern England. 

Induced disease : In sheep, encephalitis 
characterized by dullness followed by 
incoordination of movement, frequently 
with tremors chiefly of the head; saliva¬ 


tion, champi ng of jaws; prost ration, coma* 

death. In man, encephalitis with 
prompt and complete recovery accom¬ 
panied by formation of specific neutraliz¬ 
ing antibodies. In mouse, experimen¬ 
tally, diffuse encephalomyelitis with mild 

meningeal involvement; following intra¬ 
cerebral inoculation, fine rhythmical 
tremor involving neck, nose, and ears, 
unsteadiness, muscle spasms, respiratory 
distress, sometimes clonic and rare Y 
tonic convulsions: hind limb paralysis, 
dribbling of urine, cessation of spontane¬ 
ous limb movements, death; in mouse 
inoculated intraperitoneaJIy, virus usu¬ 
ally enters central nervous system 7 
way of the olfactory mucosa and ol'f t®*^ 
bulb, occasionally by trauma at points o 
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damage; in mouse inoculated intrnnasally, 
virus enters blood and reaches the olfac¬ 
tory bulb where it multiplies to a high 
concentration before infecting the re¬ 
mainder of the brain and the rest of the 
nervous system; tends to disappear from 
the blood after sickness begins but per¬ 
sists in the brain until death from 
encephalitis. In chick embryo, after 
inoculation of chorioallantoic membrane, 
edema and opacity spreading from site 
of inoculation on membrane of 10-day 
embryo; in 12-day eggs, discrete primary 
lesions, sometimes witli secondary lesions 
surrounding themoii the inoculated mem¬ 
brane ; embryo dies in about 6 days, after 
showing jaundice, edema, mottling of the 
liver with necrosis; virus regularly in 
blood. In monkey, Macacus rhesus, 
progressive cerebellar ataxia; encephalo¬ 
myelitis with involvement and massive 
destruction of Purkinje cells in the cere¬ 
bellum. 

Transmission: By ticks, Rhipicephalus 
appendiculatus ami Ixodes ricinus (/A'O- 
DIDAE). In Rhipicephalus appendicu- 
Intus, the larva or nymph becomes in¬ 
fected ;only a few individuals retain virus 
until the adult stage; virus does not pass 
through the egg. Non-viruliferous ticks 
do not acquire virus by feeding with 
infective ticks on immune animals. Ex¬ 
perimentally, by intracerebral or inlra- 
peritoneal injection in mouse; by intra- 
nasal instillation in rat, mouse, and 
monkey. 

Serological relationships: Complement 
fixation and neutralization tests sliow 
cross reactions with Russian spring- 
summer encephalitis virus, but immune 
serum against louping-ill virus is only 
partially effective in neutralizing the 
spring-summer encephalitis virus. 

Immunological relationships: Mice are 
protected against louping-ill virus by 
vaccination with non-virulent spring- 
summer encephalitis virus but protection 
Js less effective than for the homologous 
virus. No cross immunity with respect 
to Rift Valley fever virus or poliomyelitis 
virus in Macacus rhesus, but immunity 


with respect to reinfection by louping-ill 
virus has been demonstrated. 

Thermal inactivation: At 58® C in 10 
minutes. 

Eilterahility: Passes Berkcfcld V, N, 
and W fillers. 

Other properties: Viable in broth fil¬ 
trates after storage at -1® C and pH 7.0 
to 8.5 for 70 days. Part icle diameter, cal¬ 
culated from ultrafiltration data, 15 to 20 
millimicrons. 

Literature: Alexander and Ncitz, Vet. 
Jour., 1933, 320-323; Onderstepoort 
Jour. Vet. Scl. and Anim. Indusir., 5, 
1935, 15-33; Alston and Gibson, Brit. 
Jour. Exp. Path., 12, 1931,82-88; Burnet, 
Jour. Path, and Bact., 4^, 193G, 213-225; 
Brit. Jour. Exp. Path., 17. 1930, 294-301; 
Burnet and Lush, Austral. Jour. Exp. 
Biol, and Med. Sci., 16, 1938 , 233-240; 
Casals and Webster, Science, 97, 1943, 
246-248; Jour. Exp. Med., 79, 1944, 
45-63; Elford and Galloway, Jour. Path, 
and Bact., 57, 1933, 381-392; Findlay, 
Brit. Jour. Exp. Path., IS, 1932, 230-236; 
Fite and Webster, Proc. Soc. Exp. Biol, 
and Med., 31, 1934, 695-C9C; Galloway 
and Perdrau, Jour. Hyg., 55, 1935, 339- 
346; Hurst, Jour. Comp. Path, and 
Therap., 41 1931, 231-245; M’Eadyean, 
Jour. Comp. Path, and Therap., 7, 1894, 
207-219; IS, 1900, H5~154; Pool et al., 
ibid., 43, 1930, 253-290; Rivers and 
Schwcnlker, Jour. Exp. Med., 69, 1934, 
669-685; Schwenfker et al., ibid., 67, 
1933, 955-905. 

2. Erro sllvestrls spec. nov. From 
Latin silvestris, of the forest, in reference 
to incidence of the induced disease almost 
exclusively in those who enter forest 
lands. 

Common names; Spring-summer en¬ 
cephalitis virus, forest springencephalitis 

virus. 

Hosts: Man; probably cattle, horse; 
Euiamias asiatievs orienlalis, Evotowys 
rufocanus arsenjevi. Experimenlally, 
also white mouse, Macacus rhesus, birds, 
goat, sheep, Microtus michnoi pelliceus 
Thom., Cricetulus furunculus. 
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Geographical distribution: Union of 
Soviet Socialist Republics. 

Induced disease: In man, acute non¬ 
suppurative encephalitis, abrupt onset, 
steep rise of temperature to 38 to 40°C, 
severe headache, giddiness, and vomit¬ 
ing; pareses and paralyses of upper or 
lower limbs or muscles of neck and back; 
residual atrophic paralyses common; 
mortality among cases, 30 per cent; 80 
per cent of all cases occur in May and 
June. 

Transmission: By tick, Ixodes persul- 
catus {IXODIDAE ); the virus seems to 
hibernate in this species and has proved 
capable of passing through eggs to prog¬ 
eny. Experimentally, also by ticks 
Dermacentor silvarum and Haemaphysa- 
lis concinna {IXODIDAE). 

Serological relationships: Virus-neu¬ 
tralizing antibodies, found without other 
evidence of disease in some men and in 
many cattle and horses, believed to indi¬ 
cate suscej)tibility of these hosts to latent 
infections. No cross neutralization with 
St. Louis encephalitis virus. Japanese 
summer encephalitis virus is in part 
antigenically related, but some antigenic 
constituents of this virus are missing in 
spring-summer encephalitis virus and 
vice versa. 

Immunological relationships: Formol- 
ized virus immunizes specifically. 

Filterability: Passes Berkefeld and 
Chamberland filter candles. 

Literature: Smorodintseff, Arch. f. 
gesamt. Virusforsch., 1, 1940, 468-480; 
Soloviev, Acta Med. U. R. S. S., I, 1938, 
484-492 (Biol. Abst., 17, 1943, 1726, no. 
18777), 

3. Erro Incognitus spec. nov. From 
Latin incognitus, unknown, in reference 
to mystery surrounding the nature and 
relationships of this virus, as evidenced 
by common name. 

Common name: Australian X-disease 
virus. 

Hosts: HOMINI DAE—Homo sapiens 
L., man. Experimentally, also sheep, 
horse, cow, rhesus monkey. 


Geographical distribution: Australia. 

Induced disease : In man, polioenceph- 
alitis, especially in children,, occurring 
in late summer; mortality high; charac¬ 
terized by headache, body pains, drowsi¬ 
ness, Weakness, then vomiting, fever, 
convulsions; paralysis of limbs, eye- 
muscles. or face rare; recovery rapid in 
non-fatal cases. 

Literature: Kneebone, Austral. Jour. 
Exp. Biol, and Med. Sci., 3, 1926, 119- 
127; Perdrau, .Jour. Path, and Bact., 
1936, 59-65. 

4. Erro japonicus spec. nov. From 
New Latin Japonia, Japan. 

Common name: Japanese B encepha¬ 
litis virus. 

Hosts: HOMINIDAE—Homo sapiens 
L., man. Experimentally, also 3 'oung 
sheep, mouse, and Macacus rhesus. 

Geographical distribution: Japan, 
Union of Soviet Socialist Republics. 

Induced disease: In man, loss of appe¬ 
tite, drowsiness, nausea, then rapid rise 
of temperature, pains in joints and chest; 
restlessness followed by apathy, coma; 
death, usually before end of second week, 
or recovery, sometimes with persistence 
of evidences of damage done to the nerv¬ 
ous system by the disease. 

Serological relationships: Specific anti¬ 
serum does not neutralize St. Louis en¬ 
cephalitis virus or louping-ill virus. Rus¬ 
sian autumn-encephalitis virus induces 
the formation of antisera neutralizing 
.Japanese B encephalitis virus. Russian 
spring-summer encephalitis virus con¬ 
tains some, but not all, antigens in com¬ 
mon with this virus. Australian X-dis¬ 
ease virus is distinct in neutralization 

tests. 

Immunological relationships: Specific 
immunity as a result of earlier infection 
in mice; no cross protection with resf^ct 
to St. Louis encephalitis virus. Vac¬ 
cination with Japanese B encephalitis 
virus does not enhance resistance to 
West Nile encephalitis virus but only to 
the homologous virus. 



FAMILY EUKONACEAE 


1251 


Thermal inactivation: At 56® C in 30 
minutes. 

Filterability; Passes Berkefeld N, W, 
Chamberland Ls, L», and Seitz EK filters, 
with ease. 

Literature: Kudo et al., Jour. Im¬ 
munol., 32, 1937, 120-135; Sinorodintseff 
et al., Arch. f. gesamt. Virusforseh., 1, 
1940, 550-559; Webster, Jour. Exp. Med., 
67, 1938, 609-618. 

5. Erro nil! spec. nov. From Latin 
Nilus, god of the Kile. 

Ommen name : West Kile eneei halitis 
virus. 

Hosts : HOM1NI DAE— Domu supiins 
L., man (perhaps without inducing any 
definite disease). Experimentally, also 
rhesus monkey, mouse. 

Geographical distribution: Africa 
< Uganda). 

Induced disease: In man, no details are 
known; virus was originally isolated from 
blood of a woman native of Uganda; at the 
time the temperature of the patient was 
100.6® F but she denied illness; moreover, 
two laboratory workers developed neu¬ 
tralizing antibodies without recognizable 
clinical disease. In mouse, experimen¬ 
tally, after intracerebral inoculation, in¬ 
cubation period to 4 or 5 days, then 
hyperactivity and roughening of coat; 
later, weakness, hunched attitude, some¬ 
times paralysis of hind quarters; usually 
coma before death. In rhesus monkey, 
experimentally, after intracerebral or 
intranasal inoculation, fever and en¬ 
cephalitis. 

Serological relationships: No cross reac¬ 
tions in complement fixal ion tests between 
this and equine encephalitis virus, 
Japanese B encephalitis virus, St. Louis 
encephalitis virus, or lymphocytic chori¬ 
omeningitis virus. Neutralization tests 
show some common antigens in West Nile 
encephalitis virus, Japanese B encepha¬ 
litis virus and St. Louis encephalitis 
virus;antiserum to West Nile virus does 
not neutralize either of the others but 
antisera against St. Louis virus may 
neutralize West Nile virus and antisera 


against Japanese B virus have some effec¬ 
tiveness in neutralizing both West Nile 
virus and St, Louis virus. 

Immunolrgical relationships: Vaccina¬ 
tion with this virus decs not enhance 
resistance to Japanese B or St. Louis 
encephalitis viruses but only resistance 
to the homologous virus. 

Thermal inactivation: At 55® C, not 
at 50® C, in 30 minutes. 

Filterability: Passes Berkefeld V, N, 
and W filter randies readily; also passes 
Seitz EK asbestos pads and collodion 
membranes 79, not 62, millimicrons in 
average pore diameter. 

Other properties: Infective particle 21 
to 31 millimicrons in diameter, as calcu¬ 
lated from filtration exj eriments. Vi¬ 
able at least 2 weeks at 2 to 4° C. Viable 
after drying from the frozen state. 

Literature: Havens et al., Jour. Exp. 
Med., 77, 1943,139-153; Smithburn, Jour. 
Immunol., 1942, 25-31 ; Smithburn et 
al., Am. Jour. Trop. Med., 20, 1940, 471- 
492. 

6. Erro scelestus spic. nov. From 
Latin sceleUus, infamous. 

Common name: St. I.ouis encephalitis 
virus. 

Hosts : HOMINIDAE—Homo sapiens 
L., man. A great number of mammals 
and birds in endemic areas may have 
antisera that neutralize the virus, indi¬ 
cating that tljcy arc probably natural 
hosts; among these are : AN A TI DAE— 
Anas plaiyrhyncha L., Mallard and Pekin 
ducks; Anser anser (L.), domestic gcose. 
BOVIDAE—Bos laurus L., cow'; Capra 
hirciis L., goat; Ovis aries L., sheep. 
CAN IDAE—Canis familiaris L., dog. 
COL VMBIDAE — Cohmbalivia, domes¬ 
tic pigeon; Zenaidura macrovra, w’estern 
mourning dove. EQUIDAE—Eqmts ca- 
ballvs L., horse. F ALCONI DAE — 
Falco sparverins L., sparrow hawk. LE- 
PORIDAE—Lepus californiens Gray, 
jack rabbit; Sylvilagns nullalU, cotton¬ 
tail rabbit. MELEAGRIDAE-Mele- 
agris gallopavo h., turkey. MURIDAE 
—Railus norvegicus (Berkenhout), brown 
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rat. MUSCICAPIDAE — Turdus mi- 
qraiorius L., robin. Pli ASI AN 1 DAE — 
Callus gallus (L.), chicken; Lophortyx 
californica, California quail. PICIDAE 
— Asyndismus lewis, Lewis woodpecker; 
Colaples cafcr (Cm.), red-shafted flicker. 
ST RIG I DAE— Bubo virginianvs (Gm.), 
great horned owl. SUI DAE — Susscrofa 
L., pig. Experimentally, white mouse 
(some substrains of the Swiss white 
mouse arc genetically more readily in¬ 
fected than others); Macacus rhesus; 
pigeon (inapparent infection); chick 
embryo and to a limited extent the young 
hatched chick. 

Insusceptible species: laboratory rab¬ 
bit, Ctbi'S monkey, guinea pig, rat. 

Geographical distribution: United 
Slates. 

Induced disease: In man, during sum¬ 
mer and fall, about 0 to 21 days after ex¬ 
posure, headache, high fever, rigidity of 
neck, trcmors;encephalitis, usually with 
fever; some patients become drowsy, 
others sleepless or delirious; usual se¬ 
quelae headaches, irritability, some loss 
of memory, and drowsiness; neutralizing 
antibodies maintained in vivo at least 
2’1 years after occurrence of disease. 
Experimentally, in susceptible strains of 
white mouse inoculated by intracerebral 
inject ion, after 3 to 4 days, coarse tremors, 
convulsions, prostration, death; perivas¬ 
cular accumulations of mononuclear leuco¬ 
cytes throughout brain, stem, cord, and 
pia, with destruction of pyramidal cells 
in the lobus piriformis and cornu Am- 
monis; subcutaneous and intrapcritoneal 
injections immunize against subsequent 
infection by intracerebral inoculation, 
virus reaching only blood and spleen in 
the process of immunization unless an 
excessive dose is given; some substrains 
of the White Swiss mouse are relatively 
resistant to infection, requiring inocula¬ 
tion with about 1000 times the minimal 
infective dose for highly susceptible 
strains and when infected proving rela¬ 
tively poor sources of virus for subinocu¬ 
lation; highly susceptible substrains of 
the White Swiss mouse lack a single 


major, dominant, genetic factor that is 
present in resistant substrains. 

Transmission: By mosquito, Culex tar- 
salis Coquillett {CULICIDAE), prob¬ 
ably extensively; this insect has been 
collected in nature carrying the virus. 
Experimentally, by larvae of American 
dog tick, Dermacentor variabilis (Say) 
(I XODIDAE); by mosquito, Culex 
pipiens Linn., \aT.pallans Coq. {CULI¬ 
CIDAE). To mice, by feeding on in¬ 
fected tissues. 

Serological relationships : Human anti¬ 
sera may neutralize virus after clinical 
and subclinical attacks. 

Immunological relationships: Specific 
intracerebral immunity after vaccination 
by subcutaneous or intraperitoneal injec¬ 
tion in mice appears early (about 1 week 
after vaccination) and disappears before 
humoral antibody liter reaches its max¬ 
imum. 

Thermal inactivation: At 56® C in 30 
minutes. 

Filterability: Passes Berkefeld V and 
N filter candles and collodion membranes 
66 millimicrons in average pore diameter. 

Other properties: Storage in human 
brain tissue in glycerine inactivates this 
virus in about 32 days. Diameter of 
infective particle calculated from filtra¬ 
tion data as about 20 to 33 millimicrons. 
In storage, rabbit and sheep sera act to 
some extent as preservatives. At 4® C, 
after drying in racuo while frozen, viable 
in apparently undiminished tiler for at 
least 17 months. 

Literature: Bang and Reeves, Jour. 
Inf. Dis., 70, 1942, 273-274; Bauer et ah. 
Proc. Soc. Exp. Biol, and Med., 5i, 1^34, 
696-699; Blattner and Cooke, Jour. Inf. 
Dis., 70, 1942, 226-230; Blattner and 
He 3 's, Proc. Soc. Exp. Biol, and Med., 

48, 1941, 707-710; Cook, Jour. Inf. Dis-i 
6S, 1938, 206-216; Cook and Hudson, 
ibid., 61, 1937, 289-292; Elford and 
Perdrau, Jour. Path, and Bact., 40, 1935, 
143-146; Mammon and Howitt, Am. Jour. 
Hyg.. S5, 1942, 163-185; Mammon et al., 
Science, 94, 1941. 305-307. 328-330; Joi^ 
Inf. Dis., 70, 1942, 263-266, 267-272, 278- 
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283; Harford and Bronfenbronncr, Jour. 
Inf. Dis., 70, 1942, 62-68; Harrison and 
Moore, Am. Jour. Path., IS, 1937, 361- 
375; Hodes, Jour. Exp. Med., 69, 1939, 
533-543; Hodes and Webster, ibid., 68, 
1938, 263-271; Lennette and Smith, Jour. 
Inf. Dis., 65, 1935 , 252-254; Mitamura et 
al., Trans. Soc. Path. Jap., 27, 1937 , 573- 
580; Muckenfuss ei al., U. S. Pub. Health 
Serviee, Public Health Kept., 48, 1933, 
1341-1343; O’Leary et al., Jour. Exp. 
Med., 75, 1942, 233-246; Reeves et aj., 
Proc. Soc. Exp. Biol, and Med., 60, 1942, 
125-128; Sulkin el al., Jour. Inf. Dis., 67, 
1940, 252-257; Webster, Jour. Exp. Med., 
65,1937, 261-286; 08,1938,111-124; Web¬ 
ster and Clow, ibid., 6S, 1936, 433-448, 
827-845; Webster and Fite, ibid., 61, 
1935, 103-114, 411-122; Webster and 
Johnson, ibid., 74, 1941,489-494; Webster 
et al., 61, 1935, 479-187 ;0^, 1935, 827-847. 

7. Erroequlnus spec. noy. From Latin 
equinus, pertaining to horses. 

Common name: Equine encephalitis 
virus. 

Hosts: EQUIDAE—Equus caballvs 
L., horse; Fi hybrid of the horse and E. 
flwinus L.,mule. HOMINIDAE—Homo 
sapiens L., man. COLUMBIDAE — 
Columba livia, domestic pigeon. PlIA- 
SIANIDAE —ring-necked pheasant. 
TETRAONIDAE—Tympanvekvs cup- 
ido L., var. americanus (Reichcnbach), 
prairie chicken. Many additional spe¬ 
cies have been found to show neutralizing 
antisera at times and these are presum¬ 
ably natural hosts of the virus upon occa¬ 
sion; among them are; ANATIDAE — 
Anas plalyrhyncha L., Mallard and 
Pekin ducks; Anser anser (L.), domestic 
goose. BOV I DAE—Bos iaurvs L., cow; 
Capra hirens L.,goat; Ovis aries L., sheep. 
CANIDAE—Canis familiaris L., dog. 
CHARADRIIDAE—Oxyechus vociferus 
L.,killdeer. CRICETIDAE—Microtus 
fnonlanus (Peale), 6eld mouse; Peromys- 
cus manicvlalus (Wagner), white-footed 
mouse. FALCONIDAE—Falco spar- 
veriwa L., sparrow hawk. MELEAGRI- 
OAE—Meleagris gallopavo L., turkey. 


MURIDAE—Ratlus ratfus L., black 
rat. M USCICA PI DA E—Turdus mi- 
gratorius L., robin. M VSTELlD AE — 
Muslela frenata Lichtenstein, weasel. 
PllASLANlDAE—aollus gallus (L.), 
chicken; Lophortrjx californica, Cali¬ 
fornia quail; Phasianus colchicvs L., ring- 
necked pheasant. PJCIDAE—Colapics 
cafer (Cm.), red-shafted flicker. STRI- 
GIDAE—Bubo virginianus (Cm.), great 
horned owl. SUIDAE—Sus scroja L., 
pig. Experimentally, also chick embryo, 
goose embryo, pheasant embryo, robin 
embryo, pigeon embryo, turkey embryo, 
sparrow embryo, duck embryo, and gui¬ 
nea-fowl embryo; white mouse, guinea 
pig, rabbit, pigeon, white rat, calf, sheep, 
monkey, goat, dog, hen, turkey; Zono- 
trichia Icucophrys gambeli, Gambel spar¬ 
row; Passer domeslicxts L., English 
sparrow; Lophorlyx californica, quail; 
Junco oreganus, junco; Toxostoma lecon- 
lei lecontei, thrasher; Cilcllus richardsonii 
(Sabine), gopher or Richardson’s ground 
squirrel; Sigmodon hispidus Say and Ord, 
cotton rat; Dipodomys heermanni Le 
Onte, kangaroo rat; RHlhrodonlotnys 
megalatus, wild mouse; Microtus mon- 
ianus, M. californicus and M. mordax, 
wild mice; Peromyscus vianicuhtus (Wag¬ 
ner), white-footed mouse; Neotoma fvs- 
cipes Baird, wood rat; Sylvilagus bach- 
mani (Waterhouse), brush rabbit; S. 
aiidubonii (Baird), cottontail rabbit; 
Canis familiaris L., dog (puppies); Anser 
cinereus, goose; Anas boscas L., duck; 
Circus rufus (Cm.), hawk; Turdus 
merula L., blackbird; Ciconia ciconia L., 
white stork; Vultur fvlvus Briss., tawny 
vulture; Marmota monax (L.), wood¬ 
chuck; Microtus pennsylvanicus (Ord.), 
field vole; Speotylo cunicularia hypugaca 
(Bonaparte), western burrowing owl; 
Molothrus aier (Boddaert), cowbird; 
common quail or bob-white. 

lasusceptible siKJcies: Frog (cat and 
opossum reported as “refractory”). 

Geographical distribution: United 
States, Canada, Argentina. 

Induced disease: In horse, initial fever, 
then signs of fatigue, somnolence; occa- 
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sional excitability followed by incoor- 
dinated act ion of limbs, disturbed equilib¬ 
rium, grindingof teeth, parcsisand varied 
paralyses; frequently inability to swal¬ 
low, paralysis of lips and bladder, amauro¬ 
sis; case fatality about 50 per cent; 
recovery without sequelae in mild cases; 
death within 3 to 8 days in severe cases. 
In man (children particularly vulnera¬ 
ble), a profound, acute, disseminate and 
focal encephalomyelitis characterized by 
intense vascular engorgement, perivascu¬ 
lar and parenchymatous cellular infiltra¬ 
tion and extreme degenerative changes in 
the nerve cells. In chick embryo, ex¬ 
cessive increase of virus continuing until 
just before host’s death, virus being found 
eventually throughout the egg but most 
concentrated in the embryo; vaccines 
made from virus grown in chick embryo 
and then inactivated are especially effec¬ 
tive because of the high titer of virus 
represented in them; increased resistance 
with age characteristic of chorioallantoic 
membrane as well as of hatched chick; 
rounded acidophilic masses occur usually 
near periphery of nucleus in embryonic 
nerve cells; no such inclusions are found 
as a result of infection with Borna disease 
virus or poliomyelitis virus. 

Transmission; Experimentally by tick, 
DermacenloT andersoni Stiles (IXODI- 
DAE), passing through eggs to offspring; 
this lick is infective to susceptible ani¬ 
mals on which it feeds as larva, nymph or 
adult. Experimentally by Aedes aegypli 
L. (to guinea pig and horse, preinfective 
period 4 to 5 days; insects retain virus for 
duration of life; not to eggs of infected 
mosquitoes; not passed from males to 
females or by males from female to fe¬ 
male), A. albopictus, A. atropalpiis, A. 
cantalor, A. dorsalis, A. nigromaculis, A. 
sollicitans, A.taeniorhynchus, A.triseria- 
tus, and A. vexans {CULICIDAE). 
Triatoma sanguisitga (Le Conte) {RE- 
DUVIIDAE) has been found infected 
in nature and has transmitted virus ex¬ 
perimentally to guinea pigs. The Ameri¬ 
can dog tick, Dermacentor variabilis Say 
(IXODIDAE) has been infected by 


inoculation, not by feeding; it has not 
been shown to transmit. 

Serological relationships: Neutralizing 
antibodies are formed as a result of vac¬ 
cination with inactive, formolized virus; 
antigenicity of formalin-inactivated virus 
as well as of active virus is blocked in the 
presence of antiserum. In rabbit, cere¬ 
bral resistance is coincident with pres¬ 
ence of neutralizing antibody in spinal 
fluid. In guinea pig, therapy with spe¬ 
cific antiserum ineffective if begun after 
onset of encephalitis; effective if begun 
within 24 to 48 hours of peripheral inocu¬ 
lation. No cross neutralization reaction 
with lymphocytic choriomeningitis virus, 
Japanese Bencephalitis virusorSt. I^ouis 
encephalitis virus. Constituent strains 
(typical Western and Eastern) do not 
give cross neutralization reactions, but 
do show the presence of common antigens 
by cross reactions in complement fixation 
not shared with such other viruses m 
J apanese B encephalitis virus, St. Louis 
encephalitis virus. West Nile encepha¬ 
litis virus, lymphocytic choriomeningitis 
virus. Sera of human cases may be nega¬ 
tive by complement fixation tests a few 
days after onset, yet strongly strain- 
specific during second week of illness. 

Immunological relationships : ^oung o 
immunized guinea pigs are immune to 
homologous strain at least a month after 
birth. No cross immunity between 
Wpstprn and Eastern strains of equine 


encephalitis virus. 

Thermal inactivation : At 60° C, not at 

56° C, in 10 minutes. 

Filterability: Passes collodion mem¬ 
branes 66, not 60, millimicrons in average 
pore diameter. Passes Berkefeld V, ^ , 
and W, finest Mandler, and Seitz fiUera. 

Other properties: Inactivated below 
pH 5.5. Viable at least a year, dry m 
vacuum. Particle diameter estinwted 
from filtration experiments to be 20 o 
millimicions. Electron micrograp^ 
show particles as spherical or dw 
shaped, about 39 millimicrons 
with round or oval region of high deru X 
within each; older preparations sh 
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comma-shaped particles. Sedimentation 
constant, mean 265.5 X 10*^^ it 5.4 X 
10"“ (range 252 to276 X 10"“). Specific 
volume 0.864. Molecular weight of lijw- 
nucleoprotein complex behaving as the 
virus calculated as 152 million, approxi¬ 
mately 250 particles giving 50 per cent 
infection; material contains 4 per cent 
carbohydrate. Absorption of ultraviolet 
light reaches a peak at about 2600 A., a 
broad minimum at alwut 2450 A., and an 
increase at 2200 A. 

Strains: The Western strain (so-called 
Western equine encephalitis virus) may 
be considered as type of a large group of 
variants met in nature; some produce 
clinically milder disease than others 
(Birch, Am. Jour. Vet. Res., 2, 1941, 


221-226); they may change in virulence 
on passage in experimental hosts. The 
Eastern strain (so-called Eastern equine 
encephalitis virus) has been studied ex¬ 
tensively also, and has been found to 
differ from the type strain especially : in 
more rapid course of induced disease in 
the horse; in being experimentally trans¬ 
missible to sheep, pig, dog, cat and the 
European hedgehog; in its localization in 
eastern coast states and absence from the 
area between California and Wisconsin, 
where the type strain is found; in failure 
experimentally to infect Aedes aegypti 
unless inoculated into body cavity by 
needle puncture, whereupon it persists 


and can be transmitted; and in failure of 
cross-neutralization with the western 
strain. A strain produced by serial 
passage in pigeons is reported to have 
caused no obvious reaction in horses but 
R> have induced the formation of neu¬ 
tralizing antibodies. A Venezuelan 
strain differs from the type in comple¬ 
ment-fixation reactions; it induces in 
tuan a mild disease, characterized by 
malaise, fever, headache or drowsiness, 
and uneventful recovery (Casals et nl., 
Jour. Exp. Med., 77, 1943, 521-530). 

Literature: Bang, Jour. Exp. Med., 
77, 1943 ^ 337-344; Bauer et al., Proc. Soc. 
Exp. Biol, and Med., SS, 1935, 378-382; 
Beard et al., Science, 87, 1938,490; Birch, 


Am. .lour. Vet. Res., 2, 1941, 221-226; 
Casals and Palacios, Science, Olt, 1941, 
330; C'ovell, Proc. Soc. Exp. Biol, and 
Med., S2, 1934, 51-53; Cox, ibid., 33, 1936, 
C07-G09; Cox and Olitsky, Jour. Exp. 
Med., 63, 1936, 745-765; 64,1936, 217-222, 
223-232; Cox el al., U. S. Pul). Health 
Service, Public Health Kept., 56, 1941, 
1905-1906; Davis, .4m. .lour. Hyg., 32 
(C), 1940, 45-50; Eklund and Blumstein, 
Jour. Am. Med. Assoc., Ill, 1938, 1734- 
1735; Eeemster. .\m. Jour. Public Health, 
28, 1938, 1403-1410; Kinkelstein et al., 
Jour. Inf. Dis., 66,1940, 117-126; Fother- 
gill and Dingle, Science, 88, 1938 , 549- 
550; Fothergill et al., New England Jour. 
Med., 219, 1938, 411; Giltner and Shahan, 
Science, 78, 1933, 63-64; Jour. Am. Vet. 
Med. Assoc., 88, (N.S. 41), 1936, 3G3-374; 
Graham and Levine, Am. Jour. Vet. Res., 
2, 1041,430-435; Grundrnann et al., Jour. 
Inf. Dis., 72, 1943,163-171; Havens et al., 
Jour. Exp. Med., 77, 1943,139-153; Higbie 
and Howitt, Jour, liact., 29, 1935 , 399- 
406; Howitt, Jour. Inf. Dis., 55, 1034, 
138-149; 61, 1937, 88-95; 67, 1940, 177- 
187; Science, 88, 1938, 45.5-456; Howitt 
and Van Herick, .Jour. Inf. Dis., 71, 1942, 
179-191; Kciser, Jour. Am. Vet. Med. 
Assoc., 82,1933,767-771; King, Jour. Exp. 
Med., 71, 1940,107-112; 76,1942, 325-334 ; 
Kitselman and Grundmanii, Kansas Agr. 
Exp. Sta., Tech. Bull. 50, 1940, 1-15; 
Merrill and TenBroeck, Jour. Exp. Med., 
62, 1935, 687-695; Meyer et al.. Science, 
74, 1931, 227-228; Mitchell et al., Cana¬ 
dian Jour. Comp. Med., 3, 1939, 308-309; 
Morgan, Jour. Exp. Med., 74, 1941, 115- 
132; Morgan et al., ibid., 76, 1942, 357- 
369; Olitsky et al., ibid., 77, 1943, 359- 
374; Rcmlingcr and Bailly, Coinpt. rend. 
Soc. Biol., Paris, 121, 1036, 146-149; 122, 
1930, 518-519; 123, 1936, 562-563; Sabin 
and Olitsky, Proc. Soc. E.xp. Biol, and 
Med., 38, 1938, 597-599; Sellards et al., 
Am. Jour. Hyg., 33 (B), 1941, 63-68; 
Shahan and Eichhorn, Am. Jour. Vet. 
Res., 2, 1941,218-220; Sharp et al., Proc. 
Soc. Exp. Biol, and Med., 51, 1942, 206- 
207; Arch. Path., 36, 1943, 167-176; 
Syverton and Berry, ibid., 34, 1936, 822- 
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824; Jour. Bact., 33, 1937, 60; Am. Jour. 
Ilyg., 32 (B), 1940, 19-23; S3 (B), 1941, 
37-41; Jour. Exp. Med., 73, 1941, 507- 
529; Tavlor et a!., Jour. Inf. Dis., 67, 

1940, 59-66; 69, 1941, 224-231; 72, 1943, 
31-41; TenBroeck, Arch. Path., 25, 1938, 
759 fAbst.); TenBroeck and Merrill, 
Proc. Soc. Exp. Biol, and Med., 31, 1933, 
217-220; TenBroeck et al.. Jour. Exp. 
Med., 62, 1935, 677-685; Traub and Ten 
Broeck. Science, 81, 1935. 572; Tyzzer 
and Scllards, -Am. Jour. Ilyg., 33 (B), 

1941, 69-81; Tyzzer et al., Science, 88, 

1938, 505-506; van Kcekel and Clarke, 
Jour. Am. Vet. Med. Assoc., 94 (N.S. 47), 

1939, 466-468; Webster and Wright, 
Science, 88, 1938, 305-306; Wesselhoeft 
et al., Jour. Am. Med. Assoc., Ill, 1938, 
1735-1740; Wright, Am. Jour. Hyg., 36, 

1942, 57-67. 

8. Erro bornensis spec. nov. From 
Borna, name of a town in Saxony where 
a severe epizootic occurred in 1894 to 
1896. 

Common name : Borna-discase virus. 
Hosts: Horse, cow, sheep, perhaps deer. 
Experimentally, also rabbit, guinea pig, 
rat (more susceptible when old than when 
younger), mouse; MacQca. viulaU<i (Zim- 

mermann) rhesus monkey. 

Insusceptible species: Ferret, cat, 

pigeon; probably dog. 

Geographical distribution: Wiirtem- 
burg, Germany, North and South Amer¬ 
ica, Hungary, Russia, Belgium, France, 
Italy, Roumania. 

Induced disease: In horse, encephalo¬ 
myelitis characterized by lassitude, in¬ 
difference to external stimuli; later 
intermittent excitement, difficulty in 
mastication and deglutition, spasms in 
various muscles, champing,^ excessive 
salivation; pupils unequal in size; paraly¬ 
sis of hindquarters, tail, muscles of 
tongue, or muscles of back; temperature 
usually normal; death in 20 to 37 hours 
or, less often, recovery after about 1 to 3 
weeks. Virus may pass placenta and 
infect fetus in pregnant animals. 


Transmission: To rabbit, e.xperimen- 
tally by feeding and by injection in- 
t racerebrally, i nt raocularly, nasally, 
intravenously^ subcutaneously, or intra- 
peritoncally; not by living in same cage. 

Immunological relationships: No cross 
immunity conferred by the Western 
strain of equine encephalomyelitis virus. 
Isolate of Borna disease virus from the 
horse immunizes rabbits against isolate 
from sheep, and vice versa. Herpes and 
rabies viruses do not immunize rabbits 
against subsequent infection by Borna 


disease virus. 

Thermal inactivation: At 50 to 57° C in 
30 minutes; at 70° C in 10 minutes. 

Filterability: Passes Berkefeld N and 
Mandler filters, but with difficulty. 
Passes collodion membranes of average 
pore diameter 400 millimicrons readily, 
200 millimicrons with difficulty, 175 milli¬ 
microns not detcctibly. May be sep¬ 
arated by differential filtration from 
louping-ill virus, which will pass even a 


)-millimicron membrane. 

Jthcr properties: Particle size esti- 
ted from filtration data as 85 125 

llimicrons. Optimum pH for stability 
broth at 15 to 20° C is 7.4 to 7.6; very 
isitive to greater alkalinity Viable 
er 327 days dry at laboratory tempera- 
•es. Viable at least 6 months in 50 per 
It glycerine. Inactivated by putre- 
tion in 5 days; by 1 per cent carbolic 

d in 4, not in 2, weeks. 

:.iterature: Barnard, Brit. Jour. Exp. 
th.. 14, 1933, 205-206; CoveM. froc. 

Exp. Biol, and Med., 32, 1934, 51-53, 
ord and Galloway, Brit. Jour. Exp. 
th 14, 1933, 196-205; Howitt and 
■yer, Jour. Infect. Dis., 54, 1934, 361- 
Nicolau and Galloway, Bnt. Jour, 
p. Path.. S, 1927 , 33^341, and m 
dical Research Council, SpeciJ R 
•t Series No. 121, London, 1928, 90 PP-. 

1 Inst. Pasteur. 44,1930 673^96;^ 

,0 457-523; Zwick et al., Ztsch^ I 
askr. parasit. Krankh. u. Hyg. d. 
ustiere, SO, 1926, 42-136; SS. 1927, 
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Genus II. Leglo gen. nov. 

Viruses of the Poliomyelitis Group, often recovenible from feces of infected hosts, 
probably because of involvement of some part of tljo alimentary tract; usually there is 
also obvious involvement of some part of the nervous system. Generic name from 
Latin legio, an army or legion. 

The type species is Legio debilitans spec. 7iov. 

Key io the species of genus Legio. 


I. Affecting man {see also IV below). 


II. Latent in, or affecting, mouse. 

III. Affecting birds. 

IV. Affecting swine and swineherds. 

1. Legio debilitans spec. nov. From 
Latin debilitare, to weaken or maim. 

Common names: Poliomyelitis virus, 
virus of infantile paralysis. 

Hosts: flOM INI DAE — Homo sapiens 
L., man. Experimentally, Cercopii^ccws 
aelhiops sabaetis, green African monkey; 
Macaca mordax; M. mulalla, the rhesus 
monkey; M. irus, the cynomolgus mon¬ 
key; mona monkey; for some isolates, 
Sigmodon hispidus Say and Ord, cotton 
rat; mouse; guinea pig; white rat. 

Insusceptible species: Sheep (“refrac- 
tory”but forms neutralizing antibodies), 
chicken. 

Geographical distribution: Almost 
world-wide. 

Induced disease: In man, probably sub- 
clinical in most cases, in view of the 
presence of specific antibodies in sera 
from the great majority of adults in all 
parts of the world; virus probably infects 
some part of the alimentary tract, being 
found in stools of most clinical cases, of 
most apparently healthy contacts, and 
even of some individuals who have recov¬ 
ered from abortive attacks (in one case 
123 days after attack); clinical disease, 
largely in children, is characterized by 
invasion of central nervous system, wdth 
effects ranging from sore throat, fever, 


1. Legio debilitans. 

2. Legio crebca. 

3. Legio simulans. 

4. Legio muris. 

5. Legio gallinae. 

6. Legio snariorum. 

vomiting, and headache to sudden and 
severe paralysis; the muscles most often 
involved are those of the legs, but there 
may be paralysis of abdominal or inter¬ 
costal muscles. Virus not in urine or 
saliva, rarely in nasal washings; mote of¬ 
ten in stools of young than of old patients; 
in walls of pharynx, ileum, descending 
colon. Virus has been recovered from 
sewage. Incidence and fatality affected 
by racial characteristics, the first lower 
and the second higher in negroes than in 
whites in the United States. In monkey, 
similar disease, no virus in blood, relapse 
with reappearance of virus reported; in 
isolated intestinal loops, infection does 
not occur through normal mucosa in 
absence of intestinal contents; disease 
more severe in summer than in autumn, 
in autumn than in winter; more severe in 
older than in younger monkeys; no im¬ 
munity follows inoculation unless obvious 
disease occurs. 

Transmission; Transmission in milk 
has been suspected and at times con¬ 
firmed. Virus has been recovered from 
mixed samples of flies in an epidemic 
area. No definite arthropod vector has 
been incriminated. Experimentally, in 
Cercopithecus aelhiops sabaeus, the green 
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African monkey, by intracerebral, intra- 
nasal, and intraabdominal inoculation. 

Serological relationships: Specific neu¬ 
tralizing antibodies arise after e.xperi- 
mental infection in monkeys, but rein¬ 
fection is not prevented; only a minority 
of human convalescent sera neutralize 
virus in vitro, the most potent sera prob- 
abh' being obtained from those with 
transient or light paralysis. Cross,neu¬ 
tralization between monkey-passage and 
murine (cotton-rat and mouse) strains. 
No cross-neutralization reaction with 
lymphocj’tic choriomeningitis virus. Is¬ 
olates differ somewhat antigenically, 
homologous titers being higher than 
heterologous titers in some neutralization 
tests. 

Thermal inactivation: At or below 75® 
C in 30 minutes. 

Filterability: Passes membrane about 
35, not 30, millimicrons in average pore 
diameter. 

Other properties: Infectivity of virus 
maintained well at —76® C or in glycerine 
but poorly when dried or just frozen. 
Inactivated readily by hydrogen 
peroxide. Particle diameter estimated 
as about 12 millimicrons by filtration 
studies. Precipitated by half-saturated 
an\monium sulphate solutions. Electron 
micrographs show elliptical particles 20 
to 30 millimicrons in diameter; impure 
infectious materials show long threads 
20 by 75 to 500 millimicrons in size. 
Component probably virus has sedimenta¬ 
tion constant S 20 ® = 62 X 10“*^ cm per 
sec. per dyne. Inactivated by ix)tassium 
hydroxide, copper sulfate and potassium 
permanganate. Stable from pH 2.2 to 
10.4 for 2 hours at 37® C. 

Literature: Armstrong and Harrison, 
U. S. Pub. Health Service, Public Health 
Kept., 60, 1935, 725-730; Aycock, Am. 
Jour. Hyg., 7, 1927 , 791-803; Burnet and 
Jackson, Austral. Jour. Exp. Biol, and 
Med. Sci., 17, 1939 , 261-270; 18, 1940, 
361-366; Burnet et al., ibid., 17, 1939, 
253-260, 375-391; Elford et al., Jour. 
Path, and Bact., 4^, 1935, 135-141; Flex- 


ner. Jour. Exp. Med., 62, 1935, 787-804; 
63, 1936,209-226; 55,1937,497-513; Card, 
ibid., 71, 1940, 779-785; Gordon and Len- 
nette. Jour. Inf. Dis., 64, 1939, 97-104; 
Harmon, ibid., 68, 1936,331-336; Heaslip, 
Austral. Jour. Exp. Biol, and Med. Sci., 
16, 1938, 285-286; Howitt, Jour. Inf. Dis., 
61, 1932, 565-573; 55, 1933,145-156; Hud¬ 
son and Lennette, Am. Jour. Hyg., 17, 
1933, 5S1-586; Jungeblut and Bourdillon. 
Jour. Am. Med. Assoc., 123, 1943, 399- 
402; Jungeblut and Sanders, Jour. Exp. 
Med., 72, 1940,407-436:75,1942,127-142; 
Jungeblut et al., ibid., 76, 1942, 611-629; 
75, 1942, 31-51; Kessel et al., Am. Jour. 
Hyg., 27, 1938, 519-529; Jour. Exp. Med., 
74 , 1941,601-609: Kolmeret al., Jour. Inf. 
Dis., 61, 1937, 63-68; Kramer et al., Jour. 
Exp. Med., 69, 1939, 46-67; Lennette and 
Hudson, Jour. Inf. Dis., 58, 1936, 10-14; 
IjOring and Schwerdt, Jour. Exp. Med., 
75,1942,395-406; McClure and Langmuir, 
Am. Jour. Hyg., 55, 1942 , 285 - 291 ; Mel- 
nick. Jour. Exp. Med., 77, 1943, 195-204; 
Moore and Kessel, Am. Jour. Hyg., 38, 
1943, 323-344; Moore et ah, ibid., 36, 
1942, 247-254; Morales, Jour. Inf. Dis., 
46, 1930, 31-35; Olitsky and Cox, Jour. 
Exp. Med., 55,1936,109-125; Paul et ah. 
Am. Jour. Hyg., 17, 1933 , 587-600 ; 601- 
612; Jour. Exp. Med., 71, 1940, 765-777; 
Sabin, ibid., 69, 1939, 507-516; Sabin and 
Olitsky, ibid., 68, 1938. 39-^1; Sabin and 
Ward, ibid., 73, 1941, 771-793; 74, 19-12. 
519-529; 75, 1942, 107-117; Sabin et ah, 
Jour. Bact., 31, 1936, 35-36 (Abst.); 
Sanders and Jungeblut, Jour. Exp. Med., 

75 1942, 631-649; Schultz and Gebhardt, 
Jour. Inf. Dis., 70, 1942, 7-50; Sch^z 
and Robinson, ibid., 70, 1942, 19^200; 
Stimpert and Kessel, Am. .lour. Hyg- 
29, (B), 1939, 57-66; Theiler, Medicine, 

20, 1941, 443-462; Theiler and ^uer, 
Jour. Exp. Med., 60, 1934, 767-772; Tn^k 
and Paul, ibid., S8, 1933, 531-M4; 7J, 
1941,453-459; Trask et ah, ibid., 77, liH . 
531-544; Turner and Young, Am. ^ur. 
Hyg.. 57. 1943. 67-79; Wolf. Jour- EjP- 

Med., 75.1942, 53-72; Young and Merreli. 

.\m. Jour. Hyg., 37, 1943,80-92. 
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2. Legioerebea spec./tor. From Latin 
ereheus, belonging to the Lower World. 

Common names: Choriomeningitis vi¬ 
rus, lymphocytic choriomeningitis virus. 

Hosts: MURIDAE—Mus musculus L.. 
gray or white mouse. HOMINIDAE— 
Homo sapiens L., man. CERCOPITHECI- 
DAE—Macaca mulaila, rhesus monkey. 
Experimentally, also guinea pig; white 
rat; dog (masked); ferret (masked); 
Macaca irus, crab-eating macaque; Syri¬ 
an hamster; chick- or mouse-embryo 
serum-Tyrode solution culture; chick 
embryo. 

Insusceptible species: Pig, rabbit, 
field vole, bank vole, canary, hen, para¬ 
keet. 

Geographical dist ribut ion: F ranee, 
England, United States. 

Induced disease : In white mouse, more 
virulent in young than in old individuals; 
infection may take place in titero or soon 
after birth; some mice become carriers 
after recovery, with virus in organs, 
blood, urine, and nasal secretions; car¬ 
riers are immune to large intracerebral 
inoculations of virus; experimentally, 5 
to 12 days after intracerebral inoculation 
of susceptible mice, somnolence, photo¬ 
phobia, tremors of the legs, tonic spasms 
of muscles in the hindquarters upon 
stimulation; recovery or death. In man, 
disease may be subclinical at times as 
shown by the fact that some supposedly 
normal sera contain specific antibodies; 
not all clinical cases develop protecting 
antibodies against testing strains, so that 
disease may be somewhat commoner than 
can be ascertained readily; in all cases 
benign, but in the more severe of these an 
acute aseptic meningitis; after incubation 
period of to 3 days, spells of fever ex¬ 
tending as long as 3 weeks; late in the 
disease there may be a meningeal reaction 
both clinically and cytologically; lympho- 
eytes and some large mononuclear cells 
appear in the meningeal fluids, although 
^mptoms remain benign; there may 
be virus in the blood from the beginning 
of fever to the end of the second week; the 


spinal Iluid is not infective at first Imf 
may become so before there is a change in 
cell count; urine and saliva remain unin¬ 
fect ious. 

Transmission : In white mouse, l/y con¬ 
tact with mice infected when young, not 
with those infected when old; nasal 
miieosa considered j/ortal of entry. In 
wild gray mouse of the same species, Mus 
musculus, by contact but less readily 
than in white mouse. Experimentally, 
by mosquito, AedesaegypliL. {CULICI- 
DAE), at 26 to 34® C; by bedbug, Cimex 
lectularius (CIMIDAE), but defecation 
on site of bitten area is essential, bite 
alone being ineffective. Experimentally, 
to guinea pig, by application of virus to 
normal and apparently intact skin; not 
by contamination of food or litter. 

Serological relationships: Serum of 
recovered subjects usually neutralizes 
choriomeningitis virus. Hyperimmune 
serum is ineffective against pseudo-lym¬ 
phocytic choriomeningitis virus and hy¬ 
perimmune serum for that virus is inef¬ 
fective in its turn when used with 
choriomeningitis virus. No cross neu¬ 
tralization with St. Louis encephalitis 
virus. A specific soluble antigen asso¬ 
ciated quantitatively with virus in all 
hosts fixes complement in the presence 
of immune serum; virus does so poorly 
if at all; the anti-soluble-substance anti- 
l)odics seem to be independent of virus- 
neutralizing antibodies. A soluble pro¬ 
tein, readily separable from virus, gives 
a specific precipitin reaction with immune 
serum; antibodies concerned are probably 
not the virus-neulralizingantibodies. 

Immunological relationships: Intra- 
peritoneal injection of about 160 intra¬ 
cerebral lethal doses has been found to 
protect the white mouse against infection 
by subsequent intracerebral injection of 
10,000 lethal doses. The immune mouse 
differs from the immune guinea pig in 
showing no neutralizing antibodies in its 
blood; even the guinea pig may develop 
resistance before antibodies appear in its 
serum. Formalized vaccines made from 
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guinea pig tissues immunize the guinea 
pig but vaccines made from mouse tissues 
do not. Mice immune to this virus are 
susceptible to infection with pseudo- 
lymphocytic choriomeningitis virus and 
vice versa. 

Thermal inactivation: At 55 to 56® C 
in 20 minutes. 

Filterability: Passes Berkefcld V, N, 
and W filters and, with difficulty, a Seitz 
asbestos pad. 

Other properties: Infective at least 206 
days in storage at 4 to 10® C in 50 per cent 
neutral glycerine in 0.85 per cent saline. 
Infective particle calculated to be 37 to 
55 millimicrons in diameter on the basis 
of centrifugation studies; 40 to 60 milli¬ 
microns by ultrafiltration tests. Inac¬ 
tivated by soap with loss of mouse-im¬ 
munizing capacity. 

Literature : Armstrong and Dickens, U. 
S. Pub. Health Service, Public Health 
Rept., 50, 1935, 831-842; Armstrong and 
Lillie, ibid., Ifi, 1934, 1019-1027; Arm¬ 
strong and Wooley, ibid., 60, 1935, 537- 
541; Jour. Am. Med. Assoc., 109, 1937, 
410-412; Baird and Rivers, Am. Jour. 
Pub. Health, 28, 1938, 47-53; Casals- 
Ariet and Webster, Jour. Exp. Med.,71, 
1940, 147-154; Dalldorf, ibid., 70, 1939, 
19-27; Dalldorf and Douglass, Proc. Soc. 
Exp. Biol, and Med., 39, 1938, 294-297; 
Findlay and Stern, Jour. Path, and Bact., 
45, 1936, 327-338; Findlay et al., Lancet, 
230, 1936 (/), 650-654; Howard, Jour. 
Inf. Dis., 6^, 1939, 66-77; Laigret and 
Durand, Compt. rend. Acad. Sci., 203, 
1936, 282-284; L6pine and Sautter, Ann. 
Inst. Pasteur, 61, 1938, 519-526; Lupine 
et al., ibid., 204, 1937, 1846-1848; Mac- 
Callum and Findlay, Brit. Jour. Exp. 
Path., 21, 1940, 110-116; Milzer, Jour. 
Inf. Dis., 70, 1942, 152-172; Rivers and 
Scott, Jour. E.xp. Med., 63, 1936, 415-432; 
Scott and Elford, Brit. Jour. Exp. Path., 
20, 1939,182-188; Scott and Rivers, Jour. 
Exp. Med., 63, 1936, 397-414; Shaugnessy 
and Zichis, ibid., 72, 1940, 331-343; 
Smadel and Wall, ibid., 72, 1940, 389^05; 
75, 1942, 581-591; Smadel et al., Proc. 
Soc. Exp. Biol, and Med., 40, 1939,71-73; 


Jour. Exp. Med., 70, 1939,53-66; 71, 1940, 
43-53; Stock and Francis, ibid., 77, 1943, 
323-336; Traub, Science, 81, 1935, 298- 
299; Jour. Exp. Med., 63, 1936, 533-546, 
847-861; 64, 1936, 183-200; 66, 1937, 317- 
324 ; 68, 1938, 95-110, 229-250 ; 69, 1939, 
801-817. 


3. Legio slmulans spec. nov. From 
Latin simvlare, to imitate, in reference to 
resemblance of this virus to the preceding 
in many respects, though not in size or 
antigenic properties. 

Common name: Pseudo-lymphocytic 


choriomeningitis virus. 

Hosts: HOMINIDAE-Homo sapiens 
L., man. Experimentally, also mouse, 
guinea pig, rhesus monkey; chorioallan¬ 
toic membrane of chick embryo. 

Induced disease: In man, benign asep¬ 
tic lymphocytic meningitis with virus 
in cerebro-spinal fluid; severe frontal 
headache, drowsiness, irritability, vomit¬ 
ing, eventual complete recovery. In 
mouse, experimentally, roughened fur, 
spontaneous tremor, hunched attitude, 
irritability, clonic movements ending 
with tonic convulsions on stimulation, 
temporary recovery from spasm with 
survival a few hours or instant death. 

Serological relationships: Hyperim¬ 
mune sera for lymphocytic choriomenin- 
giti.s virus are ineffective for this virus, 
and vice versa. In man, after recovery, 

neutralizingantibody is strongatl month, 

fading before 7 months. 

Immunological relationships: Mice 
quire specific resistance to reinfection 
after experimental disease; mice immune 
to lymphocytic choriomeningitis virus are 

susceptible to pseudo-lymphocytic chori¬ 
omeningitis virus and vice versa. 

Thermal inactivation: At 56® C, no 


C, in 30 minutes. 

ilterability: Passes Berkefeld V, no 
alter candle; Gradacol membrane ot 
not 300, millimicron average pore 

ther properties: Panicle 
slated to be not above ® 

imicrons, from Eltration experiments. 
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Viable at least 1 month at 4® C, at least 
1 year in 50 per cent glycerine, 40 days in 
0.25 per cent phenol, 1 year when dried 
from frozen material. Inactivated by 
0.05 per cent formalin at 4® C in 4S hours; 
by boiling in 5 minutes. 

Literature; MacCalliim et ah, Brit. 
Jour. Exp. Path., 20, 1939, 260-269. 


4. Leglo murls spec. nov. From Latin 
mus, mouse. 

Common names: Mouse-poliomyelitis 
virus, Theiler’s-disease virus. 

Host : MURIDAE—Mus musculus L., 
white mouse. 


Insusceptible species: CERCO- 
PITHECIDAE—Macaca mulatta (Zim- 
mermann), rhesus monkey. 

Geographical distribution: United 
States, Japan, Germany, Palestine; prob¬ 
ably widespread wherever w’hite mice are 
raised. 

Induced disease: In white mouse, 
ordinarily no obvious disease, virus oc¬ 
curring in feces and not being recoverable 
from thoracic or abdominal viscera or 
head (probable source is in abdominal 
wall; virus has been recovered most 
abundantly from intestinal contents, in 
moderate amounts from walls of intestine 
and in smaller concentration from mesen- 
tcric lymph glands); occasionally, in¬ 
dividual mice show flaccid paralysis of 
hind legs, and brain or spinal-cord sus¬ 
pensions from these contain the virus; 
mice inoculated intracercbrally show 
flaccid paralysis in 7 to more than 30 days, 
first in one limb, later usually in all; the 
tail does not become paralyzed; very 
young inoculated mice may die without 
first showing paralysis; very old inocu¬ 
lated mice may become infected without 
showing obvious disease; some affected 
mice recover and those showing residual 
paralysis may become carriers of virus, 
n affected, experimentally inoculated 
mice, acute necrosis of ganglion cells of 
anterior horn of spinal cord; necrosis also 
m isolated ganglion cells of cerebrum, 
^ter, marked neuronophagia. Perivas¬ 
cular infUtration in brain and spinal cord. 


The reciprocal of the inouhation period 
has been found approximately propor¬ 
tional to the logarithm of the amount of 
virus inoculated, thus serving to measure 
the concentration of samples of virus. 
Old mice less susceptible than young. 

Transmission: Experimentally, by in¬ 
tracerebral, inlranasal and inlrapcri- 
toneal inoculation. Has been found to 
persist in adult flies, Musca domeslica L. 
(MUSCIDAE) and other species, as 
long as 12 daj's after experimental feed¬ 
ing whereas mouse-adapted human polio¬ 
myelitis virus persists only 2 days in 
Musca domeslica and not at all in some 
other species. 

Serological relationships: Sera con¬ 
taining antibodies to the Lansing strain 
of human poliomyelitis virus fail to pro¬ 
tect against mouse poliomyelitis virus. 

Immunological relationships: Recov¬ 
ered mice are immune to various hetero¬ 
logous isolates or strains. No evidence 
of immunological relationship with virus 
of human poliomyelitis has becnoblained, 
save that mice paralyzed with mouse 
poliomyelitis virus show some resistance 
to infection with the Lansing strain of hu¬ 
man poliomyelitis virus; this has been 
interpreted as possibly no more than an 
interference phenomenon, since it seems 
to depend on actual paralysis. 

Filterability: Passes Bcrkefeld N and 
other Berkefeld filters and Chamberland 
Lj filter. 

Other properties: Viable at least 14 
months at —78® C; at least 150 days in 50 
per cent glycerine at 2 to 4® C. Most 
stable near pH 8.0 and pH 3.3. Inac¬ 
tivated readily at 37® C by 1 per cent 
hydrogen pero.xide. Particle diameter 
estimated as 9 to 13 millimicrons from 
filtration studies. Sedimentation con¬ 
stant, Sjo* = 160 to 170 X 10“” cm per 
sec. per dyne. 

Literature: Bang and Glaser, Am. Jour. 
Hyg., S7, 1943, 320-324; Gahagan and 
Stevenson, Jour. Inf. Dis., 69, 1941, 232- 
237; Card, Jour. Exp. Med., 72, 1940, 
69-77; Gard and Pedersen, Science, 94, 
1941, 493-494; Gildemeister and Ablfeld, 
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Cent. f. Ba’a.. I Abt., Orig.. m, 1938, 
144-148; Iguch), Kitasato Arch. Exp. 
Med., 16, 1939, 5&-78; Olitsky, Jour. 
Exp. Med.. 72, 1940, 113-127; Theiler, 
Science, 80, 1934, 122; Jour. Exp. Med., 
65, 1937, 705-719; Theiler and Card, ibid., 
72, 1940, 49-67, 79-90; Voung and Cum¬ 
berland, Am. Jour. Hyg., S7, 1943, 216- 
224. 

5. Leglo galllnae spec. nov. From 
Latin gallina, hen. 

Common names: Avian encephalomye¬ 
litis virus, infectious avian encephalo¬ 
myelitis virus. 

Host: PHASIANIDAE—Gallus gal- 
lus (L.), chicken (embryo not suscepti¬ 
ble; in culture^ media, minced whole 
embryo in serum-Tyrode solution suffices 
to maintain virus, but embryo brain alone 
does not). 

Insusceptible species: All tested spe¬ 
cies other than birds. 

Geographical distribution: United 
States. 

Induced disease: In chicken, fine or 
coarse tremors of whole body or only of 
head and neck or of legs; progressive 
ataxia; eyes dull, some loss of weight, 
weakness of legs, and progressive inco¬ 
ordination of leg muscles; somnolence 
precedes death; about 75 per cent die 
within 5 days of onset, 90 per cent within 
a week, the remainder showing a stag¬ 
gering, ataxic gait for weeks, some con¬ 
tinuously tremulous; recovered birds, 
however, may produce eggs well; micro¬ 
scopic focal collections of glia cells, 
perivascular infiltration, degeneration of 
Purkinje’s cells and degeneration of nerve 
cells; foci of infiltration throughout brain 
and spinal cord; virus not detected in the 
blood of affected chickens. 

Transmission: Not through egg. Ex¬ 
perimentally, by intracerebral injection. 

Serological relationships: Specific anti¬ 
serum neutralizes homologous virus but 
not the Eastern strain of equine ence¬ 
phalitis virus; antiserum specific for the 
latter does not neutralize avian ence¬ 
phalomyelitis virus. 


Filterability: Passes Eerkefeld V and 
N as well as Seitz 1 and 2 filters; also 
membranes 73 millimicrons in average 
pore diameter. 

Other properties: Survives in 50 per 
cent glycerine for at least 88 days and 
frozen for at least 68 daj's. Infective 
particle estimated to be 20 to 30 milli¬ 
microns in diameter, by filtration studies. 

Literature: Jones, Science, 76, 1932, 
331-332; Jour. Exp. Med., 69, 1934, 781- 
798; Kligler and Olitsky, Proc. Soc. Exp. 
Biol, and Med.,^, 1940, 680 - 683 ; Olitsky. 
Jour. Exp. Med., 70, 1939, 565-582; Olit¬ 
sky and Bauer, Proc. Soc. Exp. Biol, and 
Med., 4^, 1939,634-636; Van Roekel etal., 
Jour. Am. Vet. Med. Assoc., 9S (N.S. ^6), 
1938, 372-375. 

6. Legio suariorum spec. nov. From 
Latin suarius, swineherd. 

Common name: Swineherds’-disease 

virus. 

Hosts: SVIDAE—Sus scro/a L., 
swine. HOMINJDAE-Homo sapiens 
L., man. Experimentally, with fever as 
only symptom, white rat, cat, ferret, 
mouse; perhaps Macaca mulatta (2im- 

mermann), rhesus monkey. 

Geographical distribution: Europe. 
Induced disease: In man, a benign 
meningitis without sequelae, somewhat 
similar to lymphocytic choriomeningitis 

in man; cell counts in spinal fluids may 
be as high as 1200 to 1400; 4 to 7 (average 
8) days after infection, fever lasting 3 to 
21 days (average 9); sometimes conjunc¬ 
tivitis, more often a reddish macuio- 
papillose eruption; severe 
frequent; hemorrhagic tendency; blood 
in feces; recovery. Blood, urine, feces 
infectious, not spinal fluid or mucous 
excretions. Especially affecting young 
men. not often old men or women, among 
those having contact with swine or swine- 

producing quarters. 

Transmission: Excreta of p.gs, even 
used for manure, are infective Ex^n- 
mentally. to man, by subdermal or mtra 

muscular injection, 
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Serological relationships: Serum from 
recovered cases neutralizes the virus. 

Immunological relationships: Specific 
immunity follows attack of the disease. 

Filterability: Passes Chamberland L 2 
filter. 


Literature :Durandet al., Compt. rend. 
Acad. Sci., Paris, m, 1936, S30-832, 957- 
959, 1032-1034; Arch. Inst. Pasteur de 
Tunis, ee, 1937, 213-227; 228-249; 27, 
1938,7-17. 


Genus III. Fonnldo gen. nov. 

\ iruses of the Rabies Group, inducing diseases characterized by involvement of 
the nervous system only. Generic name from Latin/ormirfo, a frightful thing. 

The type and only recognized species is Formido inexorabilis spec. nov. 


1. Formido Inexorabilis spec. nov. 
From Latin inexorabilis, implacable. 

Common name: Rabies virus. 

Hosts: CANIDAE—Canis familiaris 
L., dog. FELIDAE—Felis catns L., do¬ 
mestic cat; F. negripes, black-footed cat; 
F. ocreaia, wild cat. HOMINIDAE — 
Homo sapiens L., man. MUSTELI- 
DAE~Ictonyx orangiae, polecat. SCI- 
URIDAE—Geosciurus capensis, ground 
squirrel. VIVERRIDAE—Cynictis 

penicillaia, yellow mongoose (yellow 
meercat); Genelia felina (Thunb.), genet 
cat; Myonax pulverulentus, small, grey 
mongoose; Suricata suricatla, Cape suri- 
cate or common meercat. Cattle, sheep, 
pig, horse, wolf. Cynalopex c/iama, silver 
jackal. Phyllosioma superciliaium, vam* 
pire bat; Desmodus rufus, vampire bat; 
Artibeus planiroslris trinitalis, fruit-eat¬ 
ing bat. Experimentally, also Mus rnus- 
cuius L., w'hite mouse; Peromyscus polio- 
notus polionotus (Wagner), white-footed 
mouse; tissue cultures of 5 or 6-day-old 
rat- or mouse-embryo brain; chick em¬ 
bryo (allantois not regularly infected, 
but virus regularly reaches brain of em¬ 
bryo without injuring it; chick may hatch 
with titer of 1:100 or 1:1000 in brain). 

Chicken;mousehawk(Buieo vulgaris); pi¬ 


geon, owl, goose; stork {Ciconia ciconio 
pheasant (Diardigallus diardi B.P.). 

Insusceptible species: Reptiles, fisi 
No mammal is known to be iiisusceptibl 
Geographical distribution: Almoi 


world-wide; absent only from relatively 
isolated countries or communities. 
Induced disease: In dog, after a short 


incubation period (generally less than 10 
days) altered behavior, hiding, lack of 
obedience, perverted appetite leading to 
ingestion of St raw, paper, earth, and other 
unaccustomed materials; excitement, un¬ 
provoked biting (which may transmit the 
virus to new hosts), aimless wandering, 
excess salivation, progressive inability to 
swallow, alteration of bark to characteris¬ 
tic high pitched tone; staggering, paresis 
of hindquarters tending toward paralysis 
and involvement of anterior parts of the 
body; paralysis of lower jaw, muscular 
spasms, marked emaciation, death except 
perhaps in rare instances. In man, after 
a relatively long incubation period de¬ 
pending on site of implantation (perhaps 
27 to 64 days), a uniformly fatal disease, 
characterized by altered behavior, in¬ 
creased excitability, thirst, pharyngeal 
spasm with progressive inability to swal¬ 
low, labored and noisy respiration, death 
in 3 or 4 days after onset, with or without 
paroxysm. In sheep, increased sexual 
desire; tendency to pull wool from other 
sheep or themselves; light butting, in¬ 
creasing until some ewes, after violent 
exercise, appear to faint; prostration 
within 1 to 4 days; death within 2 days 
from onset of locomotory paralysis. In 
mouse, experimentally, by intracerebral 
inoculation, apathy, sluggishness, rough¬ 
ening of hair, tremor, convulsions, pros¬ 
tration, death; sometimes flaccid 
paralysis of hind legs before death. 

Transmission: Usually by bite of dog 
or some closely related animal; occa¬ 
sionally by bites of cats; rarely by bites 
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of rabid horses or cattle. Not by con¬ 
tamination of food. In Brazil and Trini¬ 
dad, probably by the vampire bat, which 
has been found infected in nature. 

Serological relationships: Specific floc¬ 
culation of rabies virus occurs in the 
presence of immune serum from rabbit 
or guinea pig; strains differ in relative 
amounts of antigenic constituents, as 
shown by absorption tests. Comple¬ 
ment fixation occurs in the presence of 
virus and guinea-pig antiserum. Neu¬ 
tralizing antibodies are specific. 

Immunological relationships: Virus ex¬ 
posed to ultraviolet light tends to lose its 
virulence before its immunizing potency. 
Passive immunization succeeds in white 
mice if antiserum is injected intracere- 
brally 1 hour before, but not 24 hours be¬ 
fore or 2 hours after, virus. Chloroform- 
treated vaccines more effective than 
phenolized vaccines, but irritative. 

Thermal inactivation : At 60 to 70° C in 
15 minutes; in brain tissues, at 45° C in 
24 hours. 

Filterability: Passes Berkcfeld V filter. 

Other properties: Viable at least 2 
months at 5° C in liquid or dry state. In¬ 
fective particle between 100and 240milli¬ 
microns in diameter, by filtration studies. 

Literature: Bernkopf and Kligler, Brit. 
Jour. Exp. Path., 18, 1937,481-485;Casals, 
Jour. Exp. Med., 72, 1940, 445-451, 453- 
4G1; Coveil and Danks, Am. Jour. Path., 
8, 1932, 557-572; Dawson, Science, 89, 
1939, 300-301; Am. Jour. Path., i7, 1941, 
177-188; Galloway, Brit. Jour. Exp. 
Path., 15, 1934,97-105; Goodpasture, Am. 
Jour. Hyg., /, 1925, 547-582; Haupt and 
Rehaag, Ztschr. f. Infektionskrankh., 22, 


1921, 76-88, 104-127; Havens and May- 
field, Jour. Inf. Dis., 50, 1932,367-376;5/, 
1932, 511-518; 62, 1933, 364-373; Hender¬ 
son, Vet. Med., 37, 1942, 88-89; Hodes et 
al., Jour. Exp. Med., 72, 1940, 437-444; 
Hoyt et al., Jour. Inf. Dis., 69, 1936, 152- 
158; Hurst and Pawan, Lancet, 221, 1931 
{2), 622-628; Jour. Path, and Bact., 35, 
1932, 301-321; Johnson and Leach, Am, 
Jour. Hyg., 32 (B), 1940, 38-45; Kligler 
and Bernkopf, Proc. Soc. Exp. Biol, and 
Med., 39, 1938, 212-214; Am. Jour. Hyg., 
S3 (B), 1941, 1-8; Leach and Johnson, 
ibid., 32 (B), 1940, 74-79; Metivicr, Jour. 
Comp. Path, and Therap., 48, 1935, 245- 
260; Peragallo, Giorn. di batteriol. e im- 
munoL, 18, 1937, 289-290; Snyman, On- 
derstepoort Jour. Vet. Sci. and Anim. 
Indust., 15, 1940, 9-140; Webster, Am. 
Jour. Pub. Health, 26, 1936, 1207-1210; 
Jour. Exp. Med., 70, 1939, 87-106; Am. 
Jour. Hyg., 30 (B), 1939, 113-134; Web¬ 
ster and Casals, Jour. Exp. Med., 71, 
1940, 719-730; 73, 1941, 601-615; 76, 1912, 
185-194; Webster and Clow, ibid., 66, 
1937, 125-131; Wyckoff, Am. Jour. Vet. 
Res.,:?, 1941,84-90. 


Note: The Negri body, a character- 
stic cell-inclusion in rabies, has been 
;iven the following names under the sup¬ 
position that it represents stages in the 
ife cycle of a protozoan parasite rcsponsi- 
ile for the disease: Neuroryctes hydropho- 
iae by Calkins, Jour.Cutaneous Diseases 
^eluding Syphilis, 26, 1907,510; Encepha- 
Hozoon rabiei by Manouelian and Viala, 
inn. Inst. Pasteur, 38, 1924, 25S; and 
rlugea lyssae by Levaditi, Nicolau and 
choen, Ann. Inst. Pasteur, 40,1926, IW-^ 
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FAAIILY IV. CHARONACEAE FAU. NOV. 

Viruses of the Vellow-Fever Group, inducing diseases mainly characterized by fever 
and necrosis of tissues in the absence of obvious macule, papule, or vesicle formation 
or of conspicuous involvement of nerve cells. 


Key io the genera of family Charonaceae. 

I. Viruses of the Typical Yellow-Fever Group. 

Genus I. Charon, p. 1265. 

II. Viruses of the Influenza Group. 

Genus II. Tarpeia, p. 1268. 
in. Viruses of the Hog-Cholera Group. 

Genus III. Tortor, p. 1275. 

Genus /. Charon gen. nov. 

Viruses of the Typical Yellow-Fever Group, inducing diseases mainly characterized 
by acute non-contagious fever. Vectors dipterous insects, so far as known. Generic 
name from Latin Charon, ferryman of the Lower World. 

The type species is Charon evagatus spec. nov. 


Key to the species of genus Charon. 
I. Vectors mosquitoes. 


1. Charon evagatus. 

11. Vectors unknown, perhaps mosquitoes. 

2. Charon vallis. 


1. Charon evagatus spec. nov. From 
Latin evagor, to spread abroad. 

Common name: Yellow-fever virus. 
Hosts: HOMINIDAE—IIomo sapiens 

L. , man. Experimentally, also Cerco- 
pithecus tantalus Ogilby; C. aetkiops, 
African guenon (symptomless); Cerco- 
cebus torquatus (Kerr), collared manga- 
l>ey; Mus musculus L., mouse; Microtus 
ogrestis, field vole; Sciurus vulgaris L., 
red squirrel; Macaco mulatta (Ziinmer- 
J^nn), rhesus monkey; Macacus sinicus 
Indian crown monkey; M. cynomolgus; 

M. speciosus ; Erinaceus europaeus, hedge 
Wj Gallus gallus (L.), chicken (tol¬ 
erant); Dasyprocta ag^^t^, agouti (serial 


passage fails). 

Insusceptible species: Cat, ferret, n 
*t, rat; Cricelus auratus, golden ha 
^er; Apodemus sylvaticus, wood vo 
voiomys glareolus, bank vole; pige( 
canary, pipistrelle bat; Cricetomys ga 
oianus, pouched rat; dog, goat. 
Geographical distribution: Tropical i 


gions in general, especially Central and 
South America, West Indies, West 
Africa; anti-mosquito campaigns have 
tended to eradicate yellow-fever virus 
from parts of its former range. 

Induced disease: In man, mild cases 
may occur, especially in natives where the 
disease is endemic, but in Europeans 
generally sudden fever without marked 
change in pulse rate after a 3 to 6-day 
incubation period; severe frontal head¬ 
ache, pains in the loin and legs and epi¬ 
gastric pain; gradual decrease in tem¬ 
perature to 98 or 99® F, weakening of 
pulse and slowing of heart beat in the 
absence of further temperature changes; 
jaundice, especially in sclerae, often in 
skin; albumen in urine, later bile-pig¬ 
ments also present; hemorrhages frequent 
especially in alimentary canal; fatty and 
necrotic changes in the liver; acute 
degeneration of renal parenchyma, splenic 
congestion; death may occur in the early 
acute state, but is more likely about the 
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fifth or sixth day; relapses may occur 
until 2 or 3 weeks after onset; case mor¬ 
tality varies from 10 to 90 per cent in 
different epidemics. A transitory im¬ 
munity due to transfer of serum anti¬ 
bodies through the placenta protects 
offspring of immune mothers for a short 
time. 

Transmission: By mosquitoes, Aedes 
aegypti L., A^des leucocelaemus (D. 
and S.), Haeruogogiis capricorni Lutz 
{CULICIDAE). The mosquito Aedcs 
aegypti becomes infective, after feeding 
on a suitable virus source, in 4 days at 
37° C, 5 days at 36° C, 6 days at 31° C, 8 
days at 25.1° C, 9 to 11 days at 23.4° C, 
18 days at 21° C, and 36, not 30, days at 
18° C; virus in head, thorax, and ab¬ 
domen before bites are infective; no 
evidence of transmission of virus through 
eggs to offspring or to larvae eating in¬ 
fected adults. Experimentally, also by 
Aedes scapidaris (Rondani), A.Jluviatilis 
(Lutz), A. luteocephalus, A. apico-an- 
nulaius {CULICIDAE). Experimen¬ 
tally, by feeding, to Macaca viulatla and 
Cercopitheens aelhiops] by rubbing in¬ 
fected blood into intact and unshaved 
skin of monkeys. 

Serological relationships: Complement- 
fixation and precipitating antibodies are 
specific. 

Immunological relationships: A specific 
immunity develops after an attack of the 
disease or after vaccination with virus 
grown in media containing tissues of chick 
embryo minus head and spinal cord. 

Thermal inactivation: At 55 to 60° C, 
not at 50° C, in 10 minutes. 

Filterability: Passes membranes of 55, 
and to some extent membranes of 50, 
millimicron average pore diameter. 
Passes Berkefeld V and N, as well as 
Chamberland F, filters. 

Other properties: Particle estimated 
from filtration data to have a diameter of 
17 to 28 millimicrons; by ultracentrifuga¬ 
tion data, 19 millimicrons. Inactivated 
or inhibited by 30-minute exposure to 
l;15 formalin, 1:6 ethyl alcohol; 1:300 


yellowish eosin, 1:50 sodium oleate, 1:200 
liquor cresolis composilus; viable after 
30-minute exposure at 30° C to 1:7500 
mercuric chloride, 1:150 phenol, 1:1500 
hexylresorcinol, 1:150 sodium oleate. 
Sedimentation constant between 18 and 
30 X 10"^® cm per sec. per dyne. Viable 
in 50 per cent glycerine at 2 to 4° C for 58, 
not for 100, days; in mouse brain at —8° C 
for 160 days. Viability ntay be lost on 
simple drying but retained if drying is 
carried on in vacuo over a desiccating 


igent. 

Strains: Distinctive strains have been 
solated. One, to which much study has 
Dcen given, differs from the typical vis- 
rerotropic strain by possessing marked 
leurotropic or pantropic characteristics. 

Literature: Bauer and Hughes, Am. 
four. Hyg., 21, 1935, 101-110; Bauer and 
Uahaffy, ibid., 12, 1930, 155-174; 17^ 
,95; Bughcr and Gast-Galvis, ibid., 29, 
.944, 58-66; Bugher et al., ibid., S9, 1944, 
6-51; Davis, ibid., 16, 1932, 163-176; 
Davis and Shannon, ibid., 11, 1930, 335- 
t44; Davis et al., Jour. Exp. Med., S8, 
933, 211-226; Findlay, Jour. Path, and 
3act., 38, 1934, I-fi; Lancet, 227, \m 
2 ) 983-985; Findlay and Clarke, Jour. 
Mh. and Bact., 40. 1935, 55-64; Findlay 
.nd MacCallum, Brit. Jour. Exp. Path., 
9, 1938, 384-388; Jour. Path, and Bact., 
9 1939, 53-61; Findlay and Mackenzie, 
bid., 43, 1936 , 205-208; Findlay and 
Item, ibid., 40, 1935, 311-318; Fox and 
Cabral, Am. Jour. Hyg., 37, 9^1^ 

Frobisher, Am. Jour. Hyg., U, 1930,3^ 
20; 13, 1931. 585-613; 14, 1931. 147-148. 
8 1933. 354-374; Goodpasture. Am. 

oiir. Path., S, 1932. 137-150; Ha^". 
)eutsch. med. Wochnschr., ^0, 19^' 

83-988; Hudson, Am. Jour. 

928, 39^30; Klotz and Simpson, tbta., 

, 1927, 483-488: ““1^! 

atch5,Jour. Inf- 

Joyd et al.. Am. Jour. Hyg., M, 1^- 
2S-344; Tmna. Roy. Soc. TroP. Med 
lyg 29, 1936, 481-529: et al., 

!^"jour'. Hyg.,1933, 

nd Bauer, Jour. Exp. Med., 7., 1940, 
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703-717; Ramsey, Am. Jour. Hyg., IS, 
1931, 129-163; Sawyer, ibid., 85, 1037, 
221-231; Shannon et al., Science, 88 
1938, 110-111; Smith and Theilcr, Jour. 
Exp. Med., ffJ, 1937,801-808; Smith et al., 
Am. Jour. Trop. Med., 18, 1938. 437-468; 
Soper and De Andrade, Am. Jour. Hyg., 
18, 1933, 588-617; Soper et al., ibid., 18, 
1933, 555-587; 15, 1934, 549-566; 27, 1938, 
351-363; Stefanopoulo and Wasscrmann, 
Bull. Soc. Path. Exot., 26, 1933, 557-559; 
Stokes et al., Am. Jour. Trop. Med., 8 
1928, 103-164; Theiler, Ann. Trop. Med. 
and Parasit., 24 , 1930, 249-272; Theiler 
and Smith, Jour. Exp. Med., 65, 1937, 
767-786, 787-800; Whitman, ibid., 66, 
1937, 133-143. 

2. Charon vallls spec. nov. From La¬ 
tin vallis, valley. 

Common name: Rift Valley fever virus. 

Hosts: HOMINIDAE—Homo sapiens 
E., man. BOVlDAE—Bos laitrus L., 
cow; Ovis aries L., sheep; Capra hircus 
E., goat. Experimentally, also Sciurus 
carolinensis, grey squirrel; ferret; Crice- 
tus auratus, golden hamster; Apodemus 
sylvaticus, wood mouse; Microtus agrestis 
field vole; Muscardinus avellanarius, dor- 
mo^^se; rat; mouse; Macaca rnulatla; M. 
frws; Ce6ws fatuellus; C. chrysopus; 
Hapale jacchus; H. penicillata-, Cerco- 
pithecus callitrickus (symptomless); Ery- 
ihrocebus patas (symptomless); Cerco- 
cebus fuliginosus (symptomless); chick 
embryo in Tyrode’s solution; chorioallan¬ 
toic membrane of chick embryo. 

Insusceptible species : Horse, pig. 

Geographical distribution ; British East 

Africa. 

Induced disease: In man, benign dis¬ 
ease; after 5J to 6 days, rigors, pains in 
ack, fever for 12 to 36 hours, followed by 
recovery, with persistence of acquired 
immune bodies as long as 4 to 5 years 
® ter infection. In sheep (lambs), dull- 

ness, rapid respiration, collapse and death 

*0 a few hours or a chronic course; focal 
necrosis in liver. In chorioallantoic 
niembrane of chick embryo, experimen¬ 


tally, areas of hyperplasia and of necrosis; 
connective tissue inflamed nearby; liver 
of embryo mottled with necrotic areas. 

Transmission : Not by contacts. Mos¬ 
quito, Taeniorhynchus brcvipalpis (CUL- 
ICIDAE), suspected as |X)ssible vector. 

Serological relationships: Antisera for 
psittacosis, dengue fever, and sandfly 
fever viruses fail to protect against infec¬ 
tion with Rift Valley fever virus. Spe¬ 
cific neutralizing antibody in intraperi- 
toneally neutral mixture with Rift Valley 
fever virus may be dissociated so as to 
free virus by direct dilution in saline 
solutions, by intranasal inoculation, or by 
employment of a small dose, all methods 
probably implying a dilution effect. 

Immunological relationships: No cross 
immunity with yellow-fever or dengue- 
fever viruses. If Rift Valley fever virus 
is inoculated into rhesus monkey simul¬ 
taneously with yellow-fever virus, the 
animal tends to be protected against 
death from yellow fever (interference 
effect), but one-day earlier inoculation 
of Rift V’alley fever virus does not 
protect. 

Thermal inactivation: At 56® C in 40, 
not 20 , minutes. 

Filterability: Passes Berkefeld V, N, 
and W filters; passes Chamberland L 2 , 
Lj, Ls, L 7 , Ell and occasionally Lu filters; 
passes membranes 150 millimicrons in 
average pore diameter freely, 90 milli¬ 
microns with difficulty, 70 millimicrons 
not at all. 

Other properties: Viable at least 8 
months at 4® C, more than 4 weeks dry in 
liver tissues, 6 months in i per cent 
carbolic acid at 4® C. Diameter of in¬ 
fective particle estimated from filtration 
studies to be between 23 and 35 milli¬ 
microns. 

Strains; A neurotropic strain im¬ 
munizes lambs without producingobvious 
illness, if given subcutaneously. 

Literature: Broom and Findlay, Brit. 
Jour. Exp. Path., I 4 , 1933, 179-181; 
Daubney et al., Jour. Path, and Bact., 
34, 1931, 545-579; Findlay, Trans. Roy. 
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Soc. Trop. Med. and Hyg., 25, 1932, 229- 
266; 26, 1932, 157-160; 161-168; Brit. 
Jour. Exp. Path., 17, 1936, 89-104; Find¬ 
lay and MacCallum, Jour. Path, and 
Bact., U, 1937, 405-424; Findlay and 
Mackenzie, Brit. Jour. Exp. Path., 17, 
1936, 441-447; Findlay et al., ibid,, 17, 
1936, 431-441; Francis and Magill, Jour. 
Exp. Med., 62, 1935, 433-448; Horning 


and Findlay, Jour. Roy. Micr. Soc., 54, 
1934, 9-17; Mackenzie, Jour. Path, and 
Bact., 57, 1933, 75-79; 40, 1935. 65-73; 
Mackenzie et al., Brit. Jour. Exp. Path., 
17, 1936, 352-361; Saddington, Proc. Soc. 
Exp. Biol, and Med., 31, 1934, 693-694; 
Schwentkerand Rivers, Jour. Exp. Med., 
59, 1934, 305-313. 


Genus II. Tarpeia gen. nov. 

Viruses of the Influenza Group, inducing diseases characterized principally by 
involvement of the respiratory tract. Generic name from Latin arpeta, name o 
Roman maiden who treacherously opened a citadel to an enemy. 

The type species is Tarpeia alpha spec. nov. 


Key to the species of genus Tarpeia. 

I. Infecting man principally. 

1 . Tarpeia alpha. 

2. Tarpeia beta. 

3. Tarpeia premens. 

II. Affecting feline species. 

4 . Tarpeia felts. 

III. Affecting domestic cattle (calves). 

5 . Tarpeia vitulae. 

IV. Affecting canine species. 

6 . Tarpeia cams. 

7. Tarpeia vulpis. 

V. Affecting ferrets. 

8. Tarpeia vtverrae. 

VI. Affecting domestic fowl. 

9. Tarpeia avium. 


1. Tarpeia alpha spec. noy. From first 
letter of Greek alphabet. 

Common name: Influenza A virus; 
swine filtrate-disease virus. 

Hosts: HOMINIDAE—Homo sapiens 
L., man. SUIDAE—Sus scrofa L., do¬ 
mestic swine. Experimentally, also fer¬ 
ret, mouse, Macacus irus, hedgehog, 
rabbit (inapparent infection), guinea pig 
(inapparent infection), rat (inapparent 
infection); Musiela sibirica Milne-Ed- 
wards, Chinese mink; Sciuroiamius da- 
vidianus Milne-Edw'ards, David’s squir¬ 
rel; chick embryo (some strains produce 
visible lesions at 36.5“ C on chorioallan¬ 
toic membrane); minced ch‘ck embryo 
in Tyrode’s solution. 


susceptible species: Calloscmru 
ceps canigenus Howell, Chekiang 
reel; Eutamias asMictis senescens 

sr, chipmunk. 

•ogniphical distribution iWorld-wide. 

duced disease: In man, headache, 
ness, with shivering and musculo 
5 - rise of temperature on the secon 

sometimes with fall on the third and 

ition again later; often complicated 
bronchitis and bronchopneumonia, 

.rrbagic and edematous lobular con 
ation in lungs; virus most easi y 
rerable from nasopharyngeal n-as 
but also from nasal secretions and 
In swine, virus alone produros 
a mild malady (filtrate disease). 
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in the presence of Haemophilus influenzae 
suis a severe maladj' occurs under both 
natural and experimental conditions; it 
involves fever, cough, and prostration; 
many infected animals die. Lungworms, 
Melastrongylus clongatus and Choero- 
strongylus pudendotectus {META- 
STRONGYLIDAE), from infected 
swine harbor virus at least 2 years, living 
meantime in earthworms, such as Allolo- 
bophora caliginosa {LUMBRICIDAE), 
which are eaten eventually by swine. 
The swine are refractory to viral infection 
during May, June, July, and August, but 
the disease may be invoked later by 
successive intramuscular injections of 
Haemophilus influenzae suis or other 

as feeding embryonated 
Ascar/«ova. In infected swine, virus oc¬ 
curs in turbinates, tracheal exudates, and 
lungs; not in spleen, liver, kidney, 
mesenteric lymph nodes, bniin, blood, or 
mucosa of colon. Neutralizingantibodies 
appear later (7th to 10th day) in the mild 
filtrate disease than in typical swine in¬ 
fluenza, in which they appear about the 
6th to the 7th day; maximum titer on 
14th to 27th day. Experimentally in 
mouse, not contagious as in swine and 
not dependent on tl»e coexistence of a 
bacterial comix/uent; death of epithelium 
of respiratory and terminal bronchioles, 
complete epithelial desquamation, dilata¬ 
tion of bronchioles, collapse of alveoli; in 
healing, widespread epithelial prolifera- 
tiun. Experimentally in ferret, mod¬ 
erate apathy, lack of appetite, pallor of 
nose, variable catarrhal symptoms; at 
acute stage of disease, necrosis of respira- 
•'^ry epithelium of nasal mucous mom- 
brane, with desquamation of superficial 
cells, exudation into air passages and 
inflammatory reaction in the submucosa; 
repair follows, beginning on the 6th day 
n ter infection and becoming essentially 
<oraplete at the end of 1 month; after 
recovery, the ferret is immune for 3 
months or more, with subsequent waning 
? resistance; subsequent subcutaneous 
inoculations of virus restore immunity. 


Iransmission: Presumably by drop¬ 
lets ; for example between cages of ferrets 
as close as 5 feet apart, even to levels 3 
feet higher than cage of diseased individ¬ 
uals. Experimentally, from W'ashings of 
human throats to ferret, mouse, chick 
embryo (by amniotic route and to allan¬ 
toic membrane); in mice, by contact and 
by inhalation of fine droplets. 

Serological relationships: Neutralizing 
antibodies common in human sera from 
individuals above 10 years of age; rarer 
in sera from young children; strongly ef¬ 
fective for homologous, w'eak for hetero¬ 
logous, virus in convalescent sera. Solu¬ 
ble complement-fixing antigen of swdne 
strain has components in common wfith 
antigens of human strains (PRSand WS). 
Complement fixation best 10 to 14 days 
after onset in man. Inactivating capa¬ 
city of nasal secretions proportional to 
level of neutralizing antibodies in blood. 
.Agglutination of red cells by influenza 
virus is inhibited quantitatively by 
specific antiserum. 

Immunological relationships: Specific 
immunization of ferrets, without obvious 
disease, occurs as a result of iiitranasal 
inoculation of egg-passage influenza virus 
that is not transmissible from ferret to 
ferret. In mice, immunizing dose is 
directly proportional to degree of induced 
immunity; immunity to the strain used 
in immunization is more effective in gen¬ 
eral than that to heterologous isolates of 
the virus. 

Filtorability: Passes Berkefeld V filter. 
Other properties: Particle size esti¬ 
mated as 80 to 120 millimicrons by filtra¬ 
tion studies; 80 to 99 millimicrons by 
ultracentrifugation (Sjo® = 724 X 10~** 
cm per sec. per dyne); electron micro¬ 
graphs show' bean or kidney-shaped 
particles, or round particles w'ith central 
dense spot, averaging 77.6 millimicrons in 
diameter. Inactivated by oleic, linolic 
and linolenic acids without loss of im¬ 
munizing ability. Inactivated by ultra¬ 
violet radiation. 

Literature: Andrewes and Glover, 
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Brit. Jour. Exp. Path., 22, 1941, 91-97; 
Andrewes et al., ibid., 16, 1935, 566-582; 
Burnet, ibid., 17, 193G. 282-293; 18, 
1937, 37-43; 21, 1940, 147-153; Austral. 
Jour. Exp. Biol, and Med. Sci., 14, 1936, 
241-246; 10, 1941, 39-44, 281-290; Eaton, 
.Tour. Bact., 39, 1940, 229-241; Eaton and 
Pearson, Jour. Exp. Med., 72, 1940, 
635-643; Eaton and Rickard, Am. Jour. 
Hyg., 33, (B), 1941, 23-35; Elford et al., 
Brit. Jour. Exp. Path., 17, 1936, 51-53; 
Francis, Science, 80, 1934, 457-459; Jour. 
Exp. Med., 69, 1939, 283-300; Francis 
and Magill, Science, 82, 1935, 353-354; 
Brit. Jour. Exp. Path., 19, 1938, 284-293; 
Francis and Shopc, Jour. Exp. Med., 63, 
1936,645-653; Francis and Stuart-Harris, 
ibid., 68, 1938, 789-802; Francis et al., 
Am. Jour. Hyg., 37, 1943, 294-300; Hirst, 
Jour. Exp. Med., 75, 1942, 49-64; Hirst 
et al., ibid., 75, 1942, 495-511; Proc. Soc. 
Exp. Biol, and Med., 50, 1942, 129-133; 
Hor.sfall and Lennette, Jour. Exp. Med., 
73. 1941,327-333; Hudson ct al., ibid., 77, 
1943, 467-471; Hyde, Am. Jour. Hyg., 36 
1942, 338-353; Lennette and Horsfall, 
Jour. Exp. Med., 73, 1941, 581-599; 
Loosli et al.. Jour. Inf. Dis., 72, 1943, 
142-153; Lush and Burnet, Austral. 
Jour. Exp. Biol, and Med. Sci., 15, 1937, 
375-383; Magill and Francis, Brit. Jour. 
Exp. Path., 19, 1938, 273-284; Nigg et 
al., Am. Jour. Hyg.,34 (B), 1941,138-147; 
Orcutt and Shope, Jour. Exp. Med., 62, 
1935, 823-826; Roscnbusch and Shcpe, 
ibid., 69, 1939, 499-505; Shope, ibid., 59, 
1934, 201-211; 62, 1935, 561-572; 34, 1936, 
47-61; 67, 1938, 739-748; 74, 1941, 41-47, 
49-68; 77, 1943, 111-126, 127-138; Shope 
and Francis, ibid., 64, 1936 , 791-801; 
Smillie, Am. Jour. Hyg., It, 1930, 392- 
398; Smith et al.. Lancet, 225, 1933 (2), 
66 -68; Brit. Jour. Exp. Path., 16, 1935, 
291-302; Smorodintseff and Ostrovskaya, 

Jour. Path, and Bact., 44, 1937, 559-566; 
Stock and Francis, Jour. Exp. Med., 71, 
1940, 661-681; Straub, Jour. Path, and 
Bact., 45, 1937, 75-78; Stuart-Harris, 
Brit. Jour. Exp. Path., 17, 1936, 324-328; 
18, 1937,485-492; Sulkin et al., Jour. Inf. 


Dis., 69, 1941, 278-284; Tang, Brit. Jour. 
E.xp. Path., 19, 1938,179-183; Taylor, (A. 
R.), et al., Jour. Immunol., Virus Res. 
and Exp. Chemother., 47, 1943, 261-282; 
Taylor, {R. M.), et al.. Am. Jour. Hyg., 
31, (B), 1940, 36-45; Jour. Inf' Dis., 68, 
1941, 90-96; Weils and Brown, Am. Jour. 
Hyg., 24, 1936, 407-413. 


2. Tarpeia beta spec. nov. From sec¬ 
ond letter of Greek alphabet. 

Common name : Influenza B virus. 
Hosts: HOMINIDAE—Homo sapiens 

j. , man. Experimentally, also ferret, 

nouse, chick embryo. 

Geographical distribution: United 

hates, England. 

Induced disease: In man, subclinical 
lisease or one resembling that induced by 
nfluenza A virus. In chick embryo, ex- 
)erimentally, virus increases in entoder- 
nal cells lining allantoic cavity. 

Serological relationships: Not neutral- 
zed by antiserum to influenza A virus, 
ipecific neutralization and complement- 
ixation reactions. Rapidly adsorbed by 
lormal chicken-blood red cells (95 per 
ent in 15 minutes); released in 4 houre 
ssentially completely; the process is 
hen repeatable with fresh red cells. 

Other properties: Particle circular or 
«an-shaped in outline, with average di¬ 
meter of 97.3 millimicrons m election 
aicrographs; of 99.8 millimicrons by 

entrifugation studies. 

Literature :Burnet, Austral. Jour. L p. 
Jiol. and Med. Sci., 19, ’ 

Vancis, Science, 92, 1940, 4054^1 

k, c. Exp. Biol, and Med. 1^0. ^ 

63; Hirst, Jour. Exp. Med., r6, 1 . 

95-209; Lush et al., Brit. Jour. P- 
>ath., SS, 1941, 302-304; Nigg et al.. Am. 

our. Hyg., S5.1942,26^2M; Sharp e^h. 

our. Immunol., Virus Res. and ExP- 
Jhemother., 4S, 1944,129-153. 

3 Tarpeia premens spec. nov. From 
,atin premere, to oppress or affieL 
Common name: Common^ld vi.^ 
« .. urwiiis] inAE—Homosapit^ 
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L., man. Experimentally, also chiiapan- 
zee, chick embryo. 

Geographical distribution: World-wide 
except in conditions of isolation of small 
communities. 

Induced disease: In man, incubation 
period about 48 hours; mild malady; run¬ 
ning nose in 81 per cent of cases, obstruc¬ 
tion of nostrils in 44 per cent, sudden 
onset in 37 percent, cough in 31 per cent, 
headache in 19 per cent, sore throat in 14 
per cent, fever in 13 per cent, inflamma¬ 
tion of eyes in 12 per cent; changes in 
weather, especially during a warm season, 
predispose to the disease; no correlation 
between susceptibility and outdoor exer¬ 
cise, exposure to fresh air while sleeping, 
eye color, adenotonsillectomy, or size of 
frontal sinus. Incidence inversely pro¬ 
portional to daily hours of sunshine and 
atmospheric temperature. Fitness (de¬ 
fined by speed of oxygen replacement) 
correlated with relative freedom from 
colds. Effect of rest during disease fav¬ 
orable, reducing complications, length of 
fever, duration of illness, and period off 
duty. 

Immunological relationships: After at¬ 
tack, specific immunity for about 7 weeks 
(minimum period 23 days); then exposure 
to chilling may cause a relapse, but an 
isolated community tends to lose the 
virus during the refractory period. 

Filterability: Passes Berkefeld V and 
W as well as Seitz filters. 

Other properties: Viable at least 13 
days at ice-box temperature, anaerobi¬ 
cally; at least 4 months frozen and dried 

tn vacuo. Gum acacia tends to stabilize 

• ^ 

virus in chick-embryo tissue medium. 

Literature: Dochez et al., Jour. Exp. 
Med., 6S, 1936, 559-679; Doull et al.. 
Am. Jour. Hyg., IS, 1931, 460-477; 17, 
1933, 636-561; Gafafer, ibid., IS, 1931, 
771-780; 16, 1932, 233-240, 880-884; Jour. 
Inf. Dis., 51, 1932, 489-492; Gafafer and 
Ooull, Am. Jour, Hyg., 18, 1933, 712-726; 
Hyde and Chapman, ibid., 26, 1937, 116- 
1^; Kneeland et al., Proc. Soc. Exp. 
Biol, and Med., S6, 1936, 213-216; Le 


Blanc and Welborn, .\in. Jour. Hyg., 54, 

1936, 19-24; Locke, Jour. Inf. Dis., 00, 

1937, 106-112; Long and Doull, Proc. Soc. 
Exp. Biol, and Med., 28, 1930, 53-55- 
Maughan and Smiley, .-Vm. Jour. Hyg., 9 
1929, 466-472; Noble and Brainard, Jour. 
Bact., 29, 1935, 407-409; Palmer, Am. 
Jour. Hyg.. 10, 1932, 224-232; Paul and 
Freese, ibid., 17, 1933, 517-535; Shibley 
et al., Jour. Am. Med. .\ssoc., 95, 1930, 
1553-1556; Smiley, Am. Jour. Hyg., 6, 
1926, 621-626; 5, 1929, 477-179. 

4. Tarpeia fells spec. noa. From Latin 
fcles, cat. 

Common name: Feline-distemper 
virus. 

Hosts: FELIDAE—Felis coins L., do¬ 
mestic cat; F. pardus, leopard; F. ligrina, 
.American tiger cat; F. aurata, African 
tiger cat; F. planiccps, rusty tiger cat; 
F. marmoTota, marbled cat; F. caracal, 
caracal lynx; F. pardalis, ocelot; lion, 
tiger, puma relatively insusceptible. 

Insusceptible species: Man, dog, ferret, 
mongcose, rabbit, rat, mouse, guinea pig. 

Induced disease: In domestic cat, 
coughing, sneezing, running eyes and 
nose, with serous or purulent conjunctivi¬ 
tis, or diarrhea and vomiting; fever to 
103 or 105® F; loss of appetite, general 
weakness; mortality high, especially 
among young individuals; death usually 
occurs on the lOlh to the 12th day, in 
extreme cases, however, as early as the 
5th or as late as the 35th day; catarrhal 
congestion in some part of the gastro¬ 
intestinal tract is typical; this ranges 
from a few small patches in the ileum 
to involvement of the whole small intes¬ 
tine and parts of the large intestine or 
stomach and esophagus; often enlarge¬ 
ment and congestion of abdominal lymph 
glands, enlargement of spleen, pleurisy, 
and peritonitis. 

Filterability: Passes Berkefeld N and 
Chamberland Lj filters. 

Transmission: By fomite s. 

Immunological relationships: Recov¬ 
ered cats specifically immune. 
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Other properties: Viable at least 3 
weeks in 50 per cent glycerine; attenu¬ 
ated or killed by drying at room tempera¬ 
ture, but some immunization is reported 
if dried virus is injected. 

Literature; Dalling, Vet. Record, 15, 
1935, 283-289; Findlay, Vet. Jour., 89, 
1933, 17-20; Kindle and Findlay, Jour. 
Comp. Path, and Therap., 1932,11-26; 
Verge and Cristoforoni, Compt. rend. 
Soc. Biol., Paris, 99, 1928, 312-314. 

5. Tarpeia vitulae spec. nov. From 
Latin viiula, cow-calf. 

Common name : Pneumoenteritis virus 

Hosts; BOV ID AE—Bos taunts L., do¬ 
mestic cattle. E.xperimentally, also 
MURIDAE—Mus muscuUts L., mouse. 

Geographical distribution: United 
States. 

Induced disease: In cattle (calves), 
after incubation period of 2 to 4 days, 
fever increasing rapidly to 40 or 41® C 
and lasting 3 to 5 days; usually after first 
day of fever, diarrhea with feces soft, 
yellow, voluminous, fetid in odor, occa¬ 
sionally blood-tinged or fluid; diarrhea 
is followed by pneumonia and recovery 
after disappearance of fever; catarrhal 
enteritis and a bronchopneumonia usually 
confined to the anterior lobes of the lungs 
underlie the symptoms; no inclusion 
bodies in cells of affected tissues. 

Transmission: By pen contacts with 
infected calves. Experimentally, by in¬ 
tranasal inoculation of calves, using in- 
ocula prepared from lungs of infected 
mice. 

Serological relationships: Recovered 
animals develop neutralizing antibodies. 

Immunological relationships: A specific 
resistance to reinfection is conferred by 
an attack of the disease. 

Filterability: Passes Berkefeld N filter. 

Literature: Baker, Cornell Vet., 32, 
1942, 202-204; Jour. Exp. Med. 78, 1943, 
435-446. 

6 . Tarpeia canis spec. nov. From La¬ 
tin cants, dog. 


Common name: Canine-distemper 
virus. 

Hosts: CANIDAE—Canis familiarts 
L., dog; Vvlpes sp., fox. MUSTELD 
DAE—ferret. 

Insusceptible species: Man, rabbit, 
guinea pig, white rat, cat. 

Geographical distribution: Widespread 
throughout the world. 

Induced disease: In dog, after 4 days 
from time of infection, fever and a watery 
discharge from the eyes and nose, some¬ 
times inconspicuous but often profuse, 
usually diarrhea and wasting followed by 
recovery or, exceptionally, death, \irus 
passes from the respiratory tract through 
the blood stream to its favored sites m 
vascular endothelium and cells of the 
reticulo-endothelial system. N uclear in¬ 
clusions are found in liver cells, bronchial 

epithelial cells, glandular ceilsof the stom¬ 
ach and intestine, and bile-duct epithe¬ 
lial cells; there are also cytoplasmic 
inclusions in bile-duct epithelial cels. 

Transmission: By contact. Probably 
by air-borne droplets. No arthropo 

vector is recognized. 

Immunological relationships: Head- 
vaccine treatment followed by living- 
virus treatment produces a lasting im¬ 
munity. Virus inactivated 
dynamic effect in 2 mm layer of 1 
or 1:100,000 methylene blue, exposed 
minutes at 20 cm from 100 candle-poaer 
lamp, still immunizes. Vaccine may 


Iterability: Passes Chamberland U 
Mandler filters. 

her properties: Viable in liver tissue 
l» C for 35, not 85, days; in glyccrine- 
e solution at 10» C, 67 daj^ though 
riorated; in vacuum-dried 

at 10° C, 90 days. If dried from 

m state, virus is viable in vacuum^ 

430 days at 7° C, i" ^gemf^ 

,gen at least 365 days at 7 C. Vi 

, per cent sterile horse scrum at - 
3re than 693 days. Arad. 

terature: Carr6, 

itn 1905. 689-^0; Dalldori, 
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Jour. Exp. Med., 70, 1939, 19-27; De 
Monbreun, Am. Jour. Path.. IS, 1937, 
187-212; Dunkin and Laidlaw, Jour. 
Comp. Path, and Therap., 39, 1926, 201- 
212. 213-221; Green and Evans, Am. 
Jour. Hyg., 29 (B), 1939, 73-S7; Laidlaw 
and Dunkin, Jour. Comp. Path, and 
Therap., 39, 1926, 222-230; 4i, 1928, 1-17, 
209-227; Perdrau and Todd, ibid., 46, 
1933, 78-89; Siedentopf and Green, Jour. 
Inf. Dis., 71, 1942, 253-259; Wharton and 
Wharton, Am. Jour. Hyg., 19, 1934, 
189-216. 


7. Tarpela vulpis spec. nov. From 
Latin vulpes, fox. 

Common name: Fox-encephalitis virus. 

Hosts: CAN I DAE—Vulpes sp., silver 
fox. Experimentally, also some, but not 
all, dogs; coyote. 

Insusceptible species: Gray fox, mink, 
ferret, sheep, laboratory rabbit. 

Geographical distribution: United 
States. 


Induced disease: In fox, after 2 days 
Irom time of infection, loss of appetite, 
slight nasal discharge; convulsions with 
early death or hyperexcitability, blind 
walking, lethargy, flaccid or spastic paral¬ 


ysis, muscular twitching, luunuinct 
'weakness, coma and death; many mo 
foxes become infected in epizootics thi 
fihow obvious disease, some being sym 
tomless carriers; 12 to 20 per cent fatal 
ties may be experienced among youi 
foxes on ranches, 3 to 9 per cent amor 
adults. Intranuclear inclusions in vasci 
nr endothelial cells especially in cerebr 
on othelium; sometimes in hepatic cel 
and endothelial cells of liver and kidne} 
no intracytoplasmic inclusions; vifus i 
part blood,spleen,and brain; in carrier 
virus is believed to persist in focal lesior 
ja upper respiratory tract, Experimer 
a y in susceptible dogs, sometime 
ryza, discharge from eyes and nos 
on purulent, commonly fits of excite 

Iti^^ recovery rare; cellu 

in tration in the central nervous sys 

focal necrosis of the liver; specifi 


intranuclear inclusions in cells of the 
vascular endothelium, meningeal cells, 
reticulo-endothelium, hepatic cells, and 
occasionally in cortical cells of the 
adrenal. 

Transmission : Experimentally, by skin 
scarification, intramuscular injection, in- 
traperitoneal injection, inoculation of 
cisterna, intratesticular injection, inocu¬ 
lation of nasal cavity; not by corneal 
scarification. 

Immunological relationships: Injec¬ 
tions of this virus afford no immunity to 
subse<)uent infection by canine distemper 
virus. 

Filterability: Passes Berkefeld N filter. 
Other properties: Viable in 50 per cent 
glycerine for several years, in carcass for 
several days. 

Literature; Barton and Green, Am. 
Jour. Hyg., 37, 1943, 21-36; Green, Proc. 
Soc. Exp. Biol, and Med., 23, 1926, 677- 
678; Am. Jour. Hyg., 13, 1931, 201-223; 
Green and Dewey, Proc. Soc. Exp. Biol, 
and Med., 27, 1929, 129-130; Green and 
Evans. Am. .Jour. Hyg., 29 (B), 1939, 
73-87; Green ami Shillinger, ibid., 19, 
1934, 362-391; Green et al., ibid., 12, 
1930, 109-129; 14, 1931,353-373; 18, 1933, 
462-181; 19, 1934, 343-361; 21, 1935, 366- 
388 ; 24, 1936, 57-70; Lucas, Am. Jour. 
Path., 16, 1940, 739-760. 

8. Tarpeia viverrae spec. nov. From 
Liitin viverra, ferret. 

Common name: Ferret-distemper 
virus. 

Host: MUSTELIDAE—Mustela furo, 
ferret. 

Insusceptible species: Dog, mouse, rat, 
guinea pig, rabbit. 

Geographical distribution: United 
States. 

Induced disease; In ferret, fever to 
105 or 106° F, lethargy, loss of appetite, 
conjunctivitis with exudate closing eyes, 
sometimes a purulent nasal disclmrge, 
weight loss small, sneezing rare, difficulty 
in breathing, death 14 to 56 days after 
inoculation (average 20 days), sometimes 
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preceded by convulsions and other nerv¬ 
ous signs; fatality rate 70 to 100 per cent. 

Transmission; By cage contacts. By 
feeding. Experimentally by intranasal, 
subcutaneous,or intradermal inoculation. 

Immunological relationships: In im¬ 
munized animals, no cross immunity with 
canine distemper virus nor with human 
influenza virus. 

Thermal inactivation: At 60° C in 30 
minutes. 

Filterability: Passes Berkefeld N filter. 

Other properties: Viable at least 3, but 
not 5, months in 50 per cent neutral gly¬ 
cerine ; at least 4 months when frozen and 
tlried in vacuo. 

Literature: Slanetz and Smetana, Jour. 
Exp. Med., ee, 1937, 653-666; Spooner, 
Jour. Hyg., S8, 1938, 79-89. 


9. Tarpeia avium spec. nov. From 

Latin arcs, fowl of the air. 

Common names: Laryngotracheitis 
virus; also known as infectious laryn¬ 
gotracheitis virus and as infectious bron¬ 
chitis virus. 

Hosts: PHASIANIDAE-Gallus gal- 
lus (L.), chicken. Experimentally, also 
Pi/AS/AA/DAE—pheasant; Fi hybrid 
between male Ringneck pheasant and 
female bantam chicken; chorioallantoic 
membrane of developing chicken embryo 
(with macroscopic lesions on membrane 
as a result of proliferative and necrotic 

changes); turkey embryo. 

Insusceptible species: Guinea fowl (no 
evidence of disease on inoculation); white 
rat, guinea pig, rabbit; embryos of pigeon, 

guinea fowl, and duck. 

Geographical distribution: United 

States, Canada, Australia. 

Induced disease : In domestic chicken, 
mostly among pullets and yearling hens, 
loss of appetite, lachrymation from one or 
both eyes, respiratory distress, hemor¬ 
rhagic and mucous exudate in lumen of 
trachea and occasionally in the bronchi; 
death as a result of asphyxiation or, more 
often, recovery; recovered birds occa¬ 
sionally carry the virus in the upper 


respiratory tract for some time (a period 
of 467 days has been recorded); virus is 
not found on eggs during an outbreak in 
a flock, but is always in trachea of an 
affected bird; intranuclear inclusions in 
tracheal lesions; virus has special affinity 
for mucous membrane of eye, nostril, 
larynx, trachea, cloaca, and bursa of 
Fabricius; usually affects more than half 
the birds in a flock, with a mortality of 5 
to 60 per cent (averaging between 10 and 

20 per cent). 

Transmission: By contacts. Experi¬ 
mentally, by intrabursal injection (m 
bursa of Fabricius) or by rubbing the 
mucous membrane in the dorsal region o 
the outer or proctodeal part of the cloaca 
with a small cotton swab moistened with 

a suspension of virus. 

Serological relationships: Serum from 
recovered fowl neutralizes virus; dilution 
tends to reactivate neutralized virus. 

Immunological relationships: Experi¬ 
mental infection of cloaca and bursa of 
Fabricius, especially in 2 to 4 -month-oId 
birds, immunizes against infection by 
subsequent tracheal inoculation.^ 
Thermal inactivation: At 55.5® C in lU 
to 15 minutes; at 60® C in 2 to 3 minutes; 
at 75® C in J to i minute; all tests with 

virus in the presence of tracheal exudate. 
Filterability: Passes Berkefeld V and 

N filters. ... ^ 

Strains: A Victorian strain has been re- 

ported as of low virulence for fowls. 

Other properties: Inactivated in 6 per 

cent phenol in 1 minute; in 3 per cent 
cresol compound in J minute; in ' 
sodium hydroxide in i minute. 
tracheal Buid in dark for 75, not 110, day , 

in light for 6 , not 7, hours; in buffer elu¬ 
tion at pH 7.4 for 131 ^ 

in dark for at least 217 days; .n dried state 

for at least 661 days. ^ lable m d 

body at 37° C for 22, not 44, 

to 23° C for 10, not 15, days; at 4 to lu 

C for 30, not 60, days. 

633-634; Jour Exp. 

816; Jour. Inf. Dis., 57, liWO, 
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Beach et al., Poultry Science, IS, 1934, 
218-226; Beaudette and Hudson, Science, 
76, 1932, 34; Jour. Am. Vet. Med. Assoc., 
8 $ (N.S.35), 1933, 460-476; 55, 1939, 333- 
339; Brandly, ibid., 88 (N.S. 4 I), 1936, 
587-599; Jour. Inf, Dis., 57, 1935, 201- 
206; Brandly and Bushnell, Poultry 
Science, IS, 1934. 212-217; Burnet, Brit. 
Jour. Exp. Path., 15, 1934, 52-55; Jour. 
Exp. Med., 6 S, 1936. 685-701; Burnet and 
Foley, Austral. Jour. Exp. Biol, and Med. 
Sci,, 19, 1941, 235-240; Gibbs, Jour. Am. 
Vet. Med. Assoc., 81, (N.S. 34 ), 1932, 
651-654; Massachusetts Agr. Exp. Sta., 


Bull. 295, 1933, ibid., Bull. SI I, 1931; 
Hinshaw et al., Poultry Science, 10 , 1931, 
375-382; Hudson and Beaudette, Science, 
76, 1932, 34; Cornell Vet., 22, 1932, 70-74; 
Kernohan, California Agr. Exp. Sta., 
Bull. 494,1930,3-22; Jour. Am. Vet. Med. 
.4ssoc., 78 (N.S. 31), 1931, 553-555; 
Komarov and Beaudette, Poultry Sci¬ 
ence, //, 1932,335-338; May and Tittsler, 
Jour. .\m. Vet. Med. Assoc., 67, (N.S. 20), 
1925, 229-231; Schalm and Beach, Jour. 
Inf, Dis., 56, 1935, 210-223; Seifried, 
Jour. Exp. Med., 54, 1931, 817-826. 


Genus III. Tortor gen. nov. 


Viruses of the Hog-Cholera Group, inducing diseases characterized 
of many tissues. Generic name from Latin tortor, tormentor. 

The type species is Tortor suis spec. nov. 


by involvement 


Key to the species of genus Tortor. 


I. In mammals. 

A. Infecting swine. 

B. Infecting cattle, 

C. Infecting the horse. 

D. Infecting sheep. 

E. Infecting cat. 

II. In birds. 


1. Torto) SI. I . 

2. Tortor boiis. 

3. Tortor equorum. 

4. Tortor equcj. 

5. Tcrtorovis. 

6. Tortor felis. 


7. Tortor galli. 

8. Tortor furens. 


1. Tortor suis spec. nov. From 

BUS, hog. 

^mmon names: Hog-cholera 

swine-fever virus. 

Host: SUIDAE—Sus scrofa L 

mestic swine. Warthog (symptc 
earner). 


susceptible species: Dog, cat, cow, 
prse, donkey, sheep, goat, rabbit, guinea 
u^uuse, rat, goose, hen, duck, pigeon. 

distribution: Almost uni- 
in pig-breeding countries, espe¬ 


cially in Europe, the British Isles, North 
and South America. 

Induced disease: In swine, after intra¬ 
muscular injection, increased tempera¬ 
ture and prostration within 24 to 3 days; 
later lymph nodes enlarged, sometimes 
hemorrhagic; hemorrhages under capsule 
of kidneys. Virus may remain in blood 
of recovered pigs for 10 months. Ac¬ 
quired immunity is lasting, but most 
naturally infected animals die in • newly 
infected herds. Virus has been cultured 
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in minced swine testicle on solid serum- 
agar and on egg membrane, increase being 
limited to the living tissues from the 
swine and furnishing inoculum active in 
amounts as small as 10"^ ml. 

Transmission: By feeding. Through 
air contamination. Barely by contact. 
Experimentally, by subcutaneous injec¬ 
tion. ITine highly infective. Virus in 
blood and all tissues early in disease. 

Serological relationships: Immune 
serum affords passive protection. 

Thermal inactivation: At 55® C in 30 
minutes; at 60® C in 10 minutes. At 72 
C in 1 hour in dried blood. 

P'ilterability: Passes Berkefeld filter. 

Other properties: Viable in blood in 
cool, dark place at least 6 years. 

Literature: De Kock et al., Onder- 
stepoort .lour. Vet. Sci. and Anim. In¬ 
dust., 14, 1940, 31-93; Hecke, Cent. f. 
Bakt.. I Abt., Orig., 126, 1932. 517-526; 
Montgomery, Jour. Comp. Path, and 
Therap., 34, 1921,159-191; Rbhrer, Arch. 
Tierheilk.. 62, 1930, 345-372 , 439^62; 
64, 1931,124-143; TenBroeck, Jour. Exp. 
Med., 74, 1941, 427-432. 

2. Tortor bovls spec. nov. From Latin 
bos, cow. 

Common names; Cattle-plague virus, 
virus of pestis bovina, runderpest virus. 
Rinderpest virus. 

Hosts; BOV/DAE—BosiaurusL„do¬ 
mestic cattle; swine, buffalo, zebu cattle, 
sheep, goat, camel, deer. Koedoe, eland, 
bushbuck, duiker, and other antelopes. 

Insusceptible species: Man, solipeds, 

carnivora. 

Geographical distribution: Widespread 
over Asia and the Asiatic islands. At 
times in Western Europe. Enzootically 
in Turkey. Periodically in North Africa, 
especially in Egypt; at times throughout 
Africa. Not in North America. At 
times in South America, Australia (sup¬ 
pressed quickly). 

Induced disease: In domestic cattle, 
after 3 to 9 days, febrile reaction, restless¬ 
ness, loss of appetite, cessation of rumina¬ 


tion; fever highest at 5th or 6th day of 
disease, then temperature drops to normal 
or subnormal and diarrhea begins; muzzle 
dry, coat staring, hair dull, skin moist in 
parts; twitching of superficial muscles, 
grinding of teeth, arching of back, glairy 
discharge from nose, redness of mucous 
membranes; restlessness increases, diar¬ 
rhea becomes severe with fetid, blood¬ 
stained or blackish liquid discharges; 
weakness, drooping of ears, occasional 
yawning, coldness of extremities; occa¬ 
sionally excitement precedes weakness; 
skin may become red and moist, shoi^ing 
protuberances and vesicles, with matted 
hair; later wrinkling and scab formation; 
conjunctiva red, eyelids swollen, tears 
flowing, followed by mucous, then puru¬ 
lent, discharge; sometimes a cough 
develops and respirations become rapid; 
red spots inside mouth develop into cro- 
sions or ulcers, often confluent, pregnan 
animals often abort; milk of cows de¬ 
creases, sometimes becoming yellow ami 
watery. Death is sometimes early (1 to 
2 days after first manifestations of dis¬ 
ease), more often delayed (4 to 7 days), 
sometimes animals live 2 or 3 weeks or 
longer. Disease milder and more chronic 
where enzootic; morbidity to 100 per cent 
and mortality to 96 per cent in new areas. 
Recovered animals show a lasting, steri 
mmunity. Urine, feces, nasal and lach¬ 
rymal discharges, sweat, aqueous humour, 
cerebrospinal fluid, lymph, emu'oto"® 
viscera and muscles, and blood are m 
tive during the course of the ‘•'sease- 
Transmission: By contact, even duriij 
prodromal period; by contaminated food, 

tmughs, or other articles. mzcct 

vector is known. 

Immunological relationships: One 

tack confers a lasting ” Jy 

rarely, when a mild second Jf; 

. A calf from a diseased mothe 

be resistant if pregnancy wM 

meed when the m,er 

Iterability : Passes Berkefeld V filter 

ile, with difficulty. 
ther properties: Remains infective 
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least 2 weeks at 0* C in virulent blood, 
less than 2 days in hides dried in direet 
sunlight, 3 days in contaminated wool, as 
longas 12 days in meat; is inactivated bv 
glycerine, bile, chloroform, formalin, and 
2 per cent phenol; is virulent at least 25 
days in body of leech, Hirudo hoyvtoni 
Wharton {HIRVDIDAE), fed on sick 
animal. 

Literature: Boynton, Philippine Agr. 
Rev., 10 , 1917, 410-433; Daubney, Jour. 
Comp. Path, and Therap., 42 , 1928, 228- 
248 ; 263-297; Hornby, ibid., 42, 1928, 17- 
24; Pfaff, Onderstepoort Jour. Vet. Sci. 
and Anim. Indust., 11, 1938, 263-330; 16, 
1940, 175-184; Weston, Jour. Am. Vet. 
Med. Assoc., 66 (N.S. 19), 1924, 337-350. 

3. Tortor equorum spec. nov. From 
Latin equus, horse. 

Common names: Horse-sickness virus, 
African horse-sickness virus, virus of 
pestis equorum, virus of perdesiekte, 
virus of South African Pferdesterbe. 

Hosts: EQUI DAE—Equus caballus 
L., horse; perhaps E. asinus L., donkey. 
Experimentally, also CANIDAE—Canis 
familiaris L., dog. CA VIIDAE-Cavia 
porcellus (L.), guinea pig. MURIDAE 
Rattus norwegicus (Erxieben), wild and 
albino rat; mouse; Angora goat; Mastomys 
coucka, mullimammate mouse; Tatcra 
gerbille; chick embryo (but no 
virus in liatched chick). Mule and zebra 
relatively resistant. 

Insusceptible species: HOMINIDAE 
—Homo sapiens h., man. LEPORI- 
^E—Oryctolagus cuniculus (L.), rabbit 
(no observed disease). 

Geographical distribution: Africa, es¬ 
pecially in coastal regions and river 

valleys. 

Induced disease: In the horse, four 
y^s of disease are recognized. Horse- 
sickness fever, prodromal period 5 to 28 
ays, rise of body temperature to 105® F 
in 1 to 3 days, with return to normal 
temperatures in another day or two; 

* • ^ appetite, redness of 

conjunctiva, labored breathing, and ac¬ 


celerated pulse; recovery prompt. Dun- 
kop or acute pulmonary horso-siokncss, 
prodromal period of 3 to 5 davs, severe 
dyspnea, fever, coughing, frothing at 
nostrils; fever to lOG® F, breathing rate 
to 60 a minute, nostrils dilated, head and 
neck extended, ears drooping, sweating, 
progressive weakness; often fatal. Dik- 
kop, or cardiac form of horse-sickness, 
prodromal period 5 to 21 days, fever 
develops slowly, lasts long; edematous 
swellings of head and neck, symptoms of 
cardiac dyspnea, sometimes blood spots 
on conjunctiva, mucous membranes of 
mouth and tongue bluish, restlessness; 
sometimes fatal outcome. Mixed form 
of horse-sickness, combining features of 
pulmonary and cardiac types. Horses 
recovering from natural infections are 
known as “salted” and possess heightened 
resistance to the disease. 

Transmission: Not by contact. Mos¬ 
quitoes and biting flics have been sus¬ 
pected as vectors. Experimentally, by 
intravenous or subcutaneous injection. 

Serological relationships: Serologically 
distinguishable strains exist. 

Immunological relationships: Immun¬ 
ity to homologous strain complete after 
an attack (horse then known as “salted” 
for that strain), but immunity to hetero¬ 
logous strains incomplete. Antibodies 
absent from 3 'oung at birth but as high in 
titer as in dam within 30 hours, presum¬ 
ably from colostral milk; declining gradu¬ 
ally over a period of about 6 months. 

Thermal inactivation: At 57.5 to 60® C 
in 10 minutes. 

Filterability: Passes Berkefeld, Cham- 
berland F, and Seitz EK filters. 

Other properties: Viable dry at least 
15 months. Stable in alkaline solutions 
(to pH 10), unstable in acid (beyond pH 
6.0). Serum-saline solutions preferable 
to saline solutions for storage. Particle 
diameter determined as 40 to 60 milli¬ 
microns (mean 50 millimicrons) by filtra¬ 
tion methods, 45.4 millimicrons by cen¬ 
trifuging. Density 1.25 gm per ml. 
Isoelectric point at pH 4.8. 
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Literature: Alexander, Onderstepoort 
Jour. Vet. Sci. and Anim. Indust., 4, 
1935 , 291-322 , 323-3-18, 349-377 , 379-388; 
7, 1936, 11-16; 11, 1938, 9-19; Alexander 
and DuToit, ibid., 2, 1934, 375^391; 
Alexander and Mason, ibid., 16, 1941, 
19-32; Alexander et al., ibid., 7, 1936, 
17-30; DuToit et al., ibid., 1, 1933, 21-24, 
25-50; Henning, in .\nimal Diseases in 
South Africa, Central News Agency, 
Limited, South Africa, 2, 1932, 516-538; 
M’Fadyean, Jour. Comp. Path, and 
Therap., 13, 1900, 1-20; 23, 1910, 27-33, 
325-328; Nieschulz and DuToit, Onder¬ 
stepoort Jour. Vet. Med. and Anim. 
Indust., 8 , 1937, 213-268; Poison, ibid., 
16, 1941, 33-50, 51-66; Nature, 148, 1941, 
593-594; Theiler, Deutscli. tieriirztl. 
Woehenschr., 9, 1901, 201-203, 221-226, 
233-237, 241-242; Report for 1905-1906 of 
the Govt. Veterinary Bacteriologist, 
Transvaal Dept. Agr., 1907, 160-162; 
Jour. Comp. Path, and Therap., 23, 1910, 
315-325. 

4. Tortor equae spec. noy. From Latin 
equa, mare. 

Common name : Mare-abortion virus. 

Hosts: EQUIDAE—Equus caballus 
L., horse. Experimentally, also Syrian 
hamster (newborn); tissues of human 
placenta grafted on the chorioallantois of 
the chick embryo. 

Insusceptible species: Chicken (em¬ 
bryo ; no observed susceptibility). 

Induced disease: In horse, small, mul¬ 
tiple, grayish white areas of necrosis in 
the livers of aborted fetuses; acidophilic 
intranuclear inclusions in hepatic cells 
around these foci, in epithelial cells of 
bile ducts, and in bronchial epithelium; 
petechial hemorrhages in the heart, 
spleen, and lungs; excess fluid in the 
thoracic cavity. 

Transmission: By contact. By living 
(u contaminated stalls. 

Literature: Anderson and Goodpasture, 
Am. Jour. Path., 18, 1942, 555-561; 
Dimock, Jour. Am. Vet. Med. Assoc., 96, 
1940, 665-666; Dimock and Edw'ards, 
Cornell Vet., 26, 1936, 231-240; (Goodpas¬ 


ture and Anderson, Am. Jour. Path., 18, 
1942, 563-575; Hupbauer, Munch. Tier- 
arztl. Wchnschr., 89, 1938, 37-38; Miess- 
ner and Harms, Deutsche Tierarztl. 
Wchnschr., 48, 1938, 745-748. 


5. Tortor ovis spec. nov. From Latin 
oois, sheep. 

CA)mmon name; Blue-tongue virus. 

Hosts: BOVIDAE—Ovis aries L., 
sheep; Bos taurus L., cattle. 

Geographical distribution: South 

.\frica. 

Induced disease : Both sheep and cattle 
may carry the virus at times without 
obvious manifestations of disease or there 
may be severe manifestations. In sheep, 
experimentally, diffuse hyperemia of 
buccal mucosa, especially of lips; then 
petechiae and ecchymoses followed by 
excoriations and necrosis of the mucous 
membrane, especially on lips, tongue. 


ide of cheeks, dental pad, gums, muz- 
, and external nares; sometimes deep 
ted necrotic ulcers on tongue de- 
oping from the more usual superficial 
irotic process; mucoid discharge from 
itrils, becoming muco-hemorrhagic, 
nmonly frothing at the mouth in early 
ges of the disease; frequently redden- 
of skin of lips and nose; rarely whole 
n becomes flushed and wool is shed; 
3 n swelling of vulva with necrotic 
.nges on borders and petechiae m 
cosa; tongue sometimes swollen; lame- 
s common and severe; recovery or 
th. In cattle, edema of Hps ana 
gue; hyperemia of oral mucosa; mul- 
le hemorrhages in skin, Hpa, mucoiM 
tnbrane of the lips, tongue, dental pad, 
:cal cavity, small intestine, myos¬ 
in, epicardium, and endocardium, less 
luently in the trachea, nasal cavity, 
dder, urethra, pulmonary artery, ana 

ara; localized necrotic areas followed 
ulceration on lips, gums, the denW 
1, tongue, mucous membr^e of he 
aen. pylorus of the stomach, and the 
ernal^nares; scattered skin lesions mth 
dening, slight exudation, cr^ti^- 
jghing of crusts and hair together, 
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mucoid or mucopurulent discharge from 
nostrils; prognosis favorable in mild 
cases, but disease occasionally terminates 
with death. 

Transmission: Not by contact; arth¬ 
ropod vector suspected. 

Other properties: Infective particle 
calculated to be 87 to 105 millimicrons in 
diameter by sedimentation studies, 100 
to 132 millimicrons in diameter by ultra- 
filtration. 

Literature: Bekker et al., Onderste- 
poort Jour. Vet. Sci. and Anim. Indust., 
1934, 393-507; De Kock et al., ibid., 8, 
1937, 129-180; Henning, in Henning, M. 
W., Animal Diseases in South Africa, 
Central News Agency, .Ltd., South 
Africa, 1932, vol. B, chapter 27, pages 
503-515; Mason and Neitz, Onderstepoort 
Jour. Vet. Sci. and Anim. Indust., 15, 
1940, 149-157; Nieschulz et al., ibid., 2, 
1934, 509-562; Poison, Nature, 148 , 1941, 
593-594. 

6. Tortor fells spec. nov. From Latin 
feles, cat. 

Common names: Panleucopenia virus, 
infectious feline agranulocytosis virus, in¬ 
fectious aleucocytosis virus, feline en¬ 
teritis virus. 

Host: FELIDAE—Felis catus L., do¬ 
mestic cat. 

species: White mouse, 
guinea pig, domestic rabbit, ferret; 
ttellus richardsonii (Sabine), ground 

squirrel. 

Geographical distribution: United 
states, Germany. 

Induced disease: In cat, variable ef¬ 
fects, some individuals little affected, 
\ iistless, recumbent, refusing food, 

8 owing some vomiting, diarrhea, nasal 
and ocular discharges; often death, after 
ew minutes of fibrillary twitching and 
ernunal clonic convulsions, before there 
*8 much loss of weight; sometimes recov¬ 
ery With return of appetite. Profound 
eucopenia and marked relative lympho- 
SIS without thrombopenia or appreci- 
® anemia; proliferation of reticulo- 
a ot elial cells of lymph nodes and 


spleen; intranuclear inclusion in cells of 
gastro-intestinal mucosa, spleen, lymph 
nodes, bone marrow, and bronchial 
mucosa. 

Transmission: Perhaps by nasal drop¬ 
lets or contaminated food. No arthropod 
vector recognized. Experimentally by 
oral, intragastric, cutaneous, subcutane¬ 
ous, intraperitoneal, intravenous, and 
intranasal routes. 

Serological relationships: Sera from 
panleucopenia-immune cats protects 
against agranulocytosis virus. 

Immunological relationships: Cats im¬ 
mune as a result of earlier infection with 
agranulocytosis virus resist later inocula¬ 
tion with panleucopenia virus. Previous 
inoculation ineffective if made with hog- 
cholera virus or fox-encephalitis virus. 

Filterability: Passes Berkcfeld V, N, 
and W filters and Seitz EK discs. 

Other properties: Remains active in 50 
per cent glycerine at least 138 days in 
tissues; not inactivated by drying while 
frozen, nor by freezing at about —80® C. 

Literature: Hammon and Enders, Jour. 
Exp. Med., 69, 1939, 327-352; 70, 1939, 
557-564; Kikuth et al., Cent. f. Bakt., I 
Abt., Orig., 146 , 1940, 1-17; Lawrence 
and Syverton, Proc. Soc. Exp. Biol, and 
Med., 38, 1938, 914-918; Lawrence et al., 
Jour. Exp. Med., 77, 1943, 57-64; Am. 
Jour. Path., 16, 1940, 333-354; Syverton 
et al., Jour. Exp. Med., 77,1943, 41-56. 

7. Tortor galli spec. nov. From Latin 
gallus, cock. 

Ommon names: Fowl-plague virus, 
fowl-pest virus. 

Hosts: Chiefly chicken, turkey, goose. 
Experimentally, also ferret, rhesus mon¬ 
key, hedgehog, pigeon, duck, canary, 
mouse, rat, rabbit. Multiplies in em- 
bryonated hen’s egg; edema, but no dis¬ 
crete primary lesions in chorioallantoic 
membrane. 

Geographical distribution: Widespread 
throughout Europe, North and South 
America, Asia. 

Induced disease: In chicken, loss of 
appetite, tendency to leave companions 
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and seek shade, drooping of wings and 
tail; eyes closed or partly closed; some 
dyspnea; in some cases, edema of head 
and neck; in late stages, sometimes 
cyanosis of comb and skin; staggering, 
twitching, or spasms; fever may disap¬ 
pear and temperature become subnormal 
before death; recovery in about 30 per 
cent of all cases; linear and punctiform 
hemorrhages throughout body. 

Transmission: Method of natural trans¬ 
mission unknown. The fowl louse, Goni- 
aides dissimilis {PH1 LOPTERlDAE), 
has been suspected as vector (Maggiora 
and Tombolato, Rendiconti, Accademia 
delle Scienze dellTnstituto di Bologna, 
n.s. 27, 1923, 200-203). Experimentally, 
by subcutaneous, intramuscular, and 
intravenous injection. 

Serological relationships : Specific neu¬ 
tralizing antiserum does not react with 
influenza virus. No reaction of fowl- 
plague virus with antisera specific for 
canine distemper, influenza, or Rift 
Valley fever viruses. 

Thermal inactivation: At 55® C in 1 
hour in whole blood or brain. 

Filterability: Passes membrane of 
average pore diameter 150, not 100, not 
ordinarily 125, millimicrons. Passes 
Bcrkefeld and Chamberland filters. 

Other properties : Particle diameter es¬ 
timated by filtration as 60 to 90 millimi¬ 
crons; by centrifugation, as 120 to 130 
millimicrons. Viable after exposure in 
1:10,000 dilution for 10 minutes, in 2 mrn 
layer of 1:50,000 methylene blue, 15 cm 
from a 300 candle-power filament lamp. 
Withstands drying. Precipitates from 
salt-free solutions or in presence of half- 
saturated ammonium sulphate solutions, 
virus held to be of globulin nature by 
Mrowka,Cent. f. Bakt., I Abt., Orig.,(?7. 
1912, 249-268. 

Strains: Variant strains have been 
produced by intracerebral passage in 
brains of canaries and mice. 

Literature: Bechhold and Schlesinger, 
Biochem. Ztschr., 2S6, 1931, 387-414; 
Ztschr. Hyg. Infektionskr., U2, 1931, 


668-679; Burnet and Ferry, Brit. Jour. 
Exp. Path., 15, 1934, 56-64; Centanni, 
Cent. f. Bakt., I Abt., Orig., SI, 1902, 

145- 152, 1S2-201; Elford and Todd, Brit. 
Jour. Exp. Path., 14, 1933, 240-246; 
Findlay and Mackenzie, ibtd., 18, 1937, 

146- 155, 258-264; Findlay et al., Jour. 
Path, and Bact., 4S, 1937,589-596; L6pine 
Compt. rend. Soc. Biol., Paris, 121, 1936, 
509-510; Mackenzie and Findlay, Brit. 
Jour. Exp. Path., 18, 1937, 138-145; 
Nieschulz and Bos, Cent. f. Bakt., I Abt., 
Grig., ISl, 1934, 1-6; Plotz and Haber, 
Compt. rend. Soc. Biol., Paris, 126, 1937, 
339-340. 


8. Tortor furens spec. nov. From 

Latin/urere, to rage. 

Common name: Newcastle-disease 

virus. 

Hosts: PHASIANIDAE-Gallusgal- 
liis (L.), domestic chicken. 

DAE —//omosapiens L., man (by labora¬ 
tory accident). Experimentally, also 
pigeon; chick embryo (with primary 
lesions and cytoplasmic inclusions m 
chorioallantoic membrane). 

Geographical distribution: Eng an , 
pi-obably also East Indies, Korea, Japan, 


ia, Australia. 

iduced disease: In chicken, acute, 
■ile, highly contagious, usually fatal 
ase resembling fowl plague; loss of 
etite, crouching attitude, half closed 
3 , rapid respirations, watery yellow- 

white diarrhea with nauseating odor; 

th usually between 6th and 8th day- 
nan. accidentally infected in labora- 
• by virus sprayed into eye, virus 
verable from temporarily inflamed 
; recovery in 8 days with gradual m- 
’se of specific antibodies in blood, 
ransmission: By contact between 
thy and diseased birds. 

-rological relationships: 

in neutralizing homologous 


lunological relationships: Chickens 

,e to infection by fowl-plague virt^ 

jceptible to infection by this vir 
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and vice 6ers<l, Immunization to this 
virus does not decrease susceptibility to 
comb or mouth form of fowl pox. 

Thermal inactivation: At 60° C in 1 
hour; not at 56® C in 30 minutes. 

Filterability: Passes Berkefeld, Cham- 
berland La, and Seitz filters. 

Other properties: Particle diameter 
calculated from filtration experiments to 


be 80 to 120 millimicrons. Not inacti¬ 
vated in 30minutes in 1:50,000 methylene 
blue solution in 2 mm layer 15 cm from a 
300 candle-power filament lamp. 

Literature: Burnet, Med. Jour. Aus¬ 
tralia, 30, 1943, 313-314; Burnet and 
Ferry, Brit. Jour. Exp. Path., 15, 1934, 
56-64; Doyle, Jour. Comp. Path, and 
Therap., 40 , 1927, 144-169. 
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FAMILY V. TRIFURACEAE FAM. NOV. 

Viruses of the Infectious Anemia Group, inducing diseases mainly characterized by 
disturbances in balance of blood cells. There is a single genus. 

Genus TrIfur gen. nov. 

With characters of the family. Generic name from Latin tri/ur, arrant thief. 

The type species is Trifur equorum spec. nov. 


I. Affecting horse. 
II. Affecting fowl. 


Key to ike species of genus Trlfur, 


1. Trifur equorum. 


2. Trifur gallinarum. 


1. Trifur equorum spec. nov. From 
Latin equus, horse. 

Common name: Equine infectious- 
anemia virus. 

Hosts: EQUIDAE—Equus caballus 
L., horse; E. asinus L., donkey. //O- 
MIN IDAE—Homo sapiens L., naan. 
Experimentally, also EQC//DAE— Equus 
asinus X E. caballus, mule. SUIDAE 
—Sus scrofa L., swine. 

Insusceptible species: BOVIDAE — 
Bos iaurus L., cattle; Ovis aries L., 
sheep; Capra kircus L., goat. CANI» 
DAE—Canis familiaris L., dog. 

Geographical distribution: Europe, 
Union of South Africa, United States, 
Canada, Japan; at times in most parts of 
the world; not Australia. 

Induced disease: In horse, progressive 
anemia with eventual death or clinical 
recovery and retention of virus; disease 
may be acute, subacute, or chronic; in 
acute disease, temperature rise to 104 to 
105° F. or even 106 to 107° F, remaining 
high much of the time until death or 
change to subacute or chronic form; in 
the acute form of the disease there is dull¬ 
ness, decreased appetite, drooping of 
head, flexing of limb not supporting 
weight; sometimes increase in pulse 
frequency to 70 or even 100 a minute but 
oftener rates around 50 a minute; con¬ 
junctiva sometimes colored orange, with 
injection of vessels and petechiae, later 
becoming muddy colored or pale red, 
membrane edematous; imcertain gait, 


trailing of hind feet, prostration, some¬ 
times death; subacute disease milder and 
with remissions; chronic disease still 
milder, anemia conspicuous, sometimes 
death from debility or at end of a febrile 
attack; blood infective long (3 to 7years) 
after clinical recovery; urine infective to 
horse by mouth. In man, diarrhea al¬ 
ternating with constipation, herpes-like 
exanthema on abdominal wall, blood 
sometimes in feces; persistent headache, 
temperature normal; later, lumbar pains, 
generalized edema, general debility, loss 
of flesh, pallor of face and mucosae; fil¬ 
tered blood in 1 ml. amount fatal to 
horse, inducing infectious anemia; im¬ 
provement after 2 to 4 years. In swine, 
experimentally, sometimes no outward 
and obvious signs of disease but blood 
abnormal and infective; sometimes severe 
anemia, fever, prostration, loss of appe- 

tlte. ^ 

Thermal inactivation: At 58 to 60 L 

in 1 hour. 

Filterability: Passes Berkefeld V filter 

candle. . j • 

Other properties: Viable in blood m 
citrate saline at -2° C for at least a year. 
Drying does not inactivate in 10 days but 
does in 1 month. 

Literature: DeKock, Union of SoutP 
Africa, Dept, of Agr., 9th and l^lth Re¬ 
ports for 1923, Pretoria 1924, 253'313; 
Habersang, Monatshefte fOr prakt. Tier- 
heilk., SO, 1920, 171-176; Kutsche, ibut.r 
SO, 1920, 557-568; Peters, Jour. Am. veu 
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Med. Assoc., 66, 1924, 363-366; Theiler 
and Kehoe, Union of South Africa, Dept, 
of Agr., 3rd and 4th Reports of the Direc¬ 
tor of Veterinary Research, 1915,215-2S9. 

2. Trifur galUnanim spec. nov. From 
Latin gallina, hen. 

Common name: Fowl-leucosis virus. 

Host: Gallus gallus (L.), chicken. 

Geographical distribution: United 
States, England, Europe. 

Induced disease: In chicken, neuro¬ 
lymphomatosis, with eye lesions (slate 
gray or bluish color replacing normal bay 
color of iris), anemia, hemocytoblastosis, 
lymphoid, erythroid or myeloid types of 
leucosis; the hemocytoblastosis is fol¬ 
lowed by in61tration of the central ner¬ 
vous system, peripheral nerves, iris, and 
many visceral organs by hemocytoblasts 
and lymphocytes, producing lesions some¬ 
times resembling neoplasms and consist¬ 
ing chiefly of hemocytoblasts (hemocyto- 
blastomata); marrow of radius and ulna 
becomes hyperplastic; virus in blood 
plasma, blood cells, emulsions of organs; 
blood normal in its hydrogen-ion concen¬ 
tration; recovery never complete; some 
stocks less susceptible than others. 

Transmission: By pen contact or con¬ 
taminated litter. Experimentally by in¬ 
travenous injection of cell-free filtrates. 
Not by the mosquitoes, Culex pipiens 
and Aides aegypti {CUUCIDAE). Day- 
old chicks from iritis parents contain the 
infective agent and show some form of the 
induced disease in 80 per cent of the 
progeny if both parents show iritis, in 70 
per cent if male is normal, 15 per cent if 
female is normal. 


Serological relationships: Specific neu¬ 
tralizing antibodies are formed in the 
rabbit as a result of injecting infective 
materials partly purified by sedimenta¬ 
tion in the ultracentrifuge. 

Thermal inactivation: At 56® C in 30 
minutes. 

Filterability: Passes Berkefeld V, N, 
and W filter candles; 1.5 percent, but not 
often 3 per cent, collodion membranes; 
Seitz asbestos filter. 

Other properties: Viable after drying 
at least 54 days, in glycerine at least 104 
days,at 4® Cat least 14 days, at —60® Cat 
least 6 months; after freezing and thaw¬ 
ing, and after freezing in liquid air. Not 
viable after 14 days at 37.5® C. Particle 
diameter between 100 and 400 millimi¬ 
crons. 

Literature: Ellermann and Bang, Cent, 
f. Bakt., I Abt., Orig., 46, 1908, 4-5, 595- 
609; Furth, Proc. Soc. Exp. Biol, and 
Med., er, 1929,155-157; Jour. Exp. Med,, 
55, 1931, 243-267 ; 55, 1932, 465-478, 495- 
504 ; 58, 1933, 253-275; 69, 1934, 501-517; 
Furth and Miller, ibid., 55,1932, 479-493; 
Hall et al., Am. Jour. Vet. Res., 5,1941, 
272-279; Jdrmai, Arch, wissensch. u. 
prakt. Tierhielk.. 6S, 1930, 113-131; 
Johnson, Virginia Agr. Exp. Sta. Tech. 
Bull. 68, 1934, 1-32; Johnson and Bell, 
Jour. Inf. Dis., 58, 1936, 342-348; Kabat 
and Furth, Jour. Exp. Med., 71, 1940, 
55-70; 74,1941, 257-261; Lee and Wiicke, 
Am. Jour. Vet. Res., 5, 1941, 292-294; 
Lee et al.. Jour. Infect. Dis., 61, 1937, 
1-20; Pierce, Am. Jour. Path., 18, 1942, 
1127-1139; Ratcliffe and Stubbs, Jour. 
Inf. Dis., 66, 1935, 301-304. 
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FAMILY VI. RABULACEAE FAM. NOV. 

Viruses of the Mumps Group, characterized in general by a special affinity for tissues 
of the salivary glands. There is a single genus, 

Genus I. Rabula gen. nov. 

With characters of the family. Generic name from Latin rabula, pettifogger. 

The tj'pe species is Rabula inflans spec. nov» 


Key to species of the genus Rabula. 


I. Affecting man. 

11. Affecting guinea pig. 

III. Affecting hamster. 

IV. Affecting rat. 

V. Affecting mouse. 


1. Rabula inflans. 

2. Rabula levis. 

3. Rabtda innocuus. 

4. Rabula exiguus. 

5. Rabula latens. 


1. Rabula inflans spec. nov. From 
Latin inflare, to puff up. 

Common names: Mumps virus, virus 
of epidemic parotitis. 

Hosts: HOMINIDAE—Homo sapiens 
L., man. Experimentally, also CERCO- 
PITHECIDAE—Macaca mulaita (Zim- 
mermann), rhesus monkey. FELIDAE 
—Felis calus L., domestic cat. 

Geographical distribution: World-wide. 

Induced disease: In man, in order of 
frequency, parotitis, orchitis, meningo¬ 
encephalitis, pancreatitis, or ovaritis; 
rarely fatal; when parotitis occurs, onset 
is sudden, with pain in one or both parotid 
glands, sometimes also with involvement 
of submaxillary and sublingual glands, 
swelling and malaise gradually disappear¬ 
ing within a week or 10 days; there is 
virus in saliva 48 hours after onset; orchi¬ 
tis, less common, is usually unilateral and 
may be accompanied by some epididymi¬ 
tis. In rhesus monkey, experimentally, 
acute, non-suppurative parotitis; focal 
necrosis in acinar epithelial cells of 
parotid gland, and secondary inflamma¬ 
tion; dissemination of lesions within the 
gland, enlargement of gland to palpation 
and pitting edema of jowl 6 to 8 days after 
inoculation, often with a rise of tempera¬ 


ture; cytoplasmic inclusion bodies 
affected glands, staining pink, round or 
oval, 3 to 10 microns in diameter, often 
vacuolate, usually surrounded by a nar¬ 
row clear zone in the cytoplasm; blood 
and uninoculated salivary gland of af¬ 
fected animal not effective sources of 

virus. 

Transmission: Probably by droplets 
arising directly from infected individuals. 
Experimentally, by injecting sterile 
fluids containing virus into Stenson s 
duct of parotid gland in Macaca mulaita. 

Serological relationships: A specific 
complement-fixing antibody occurs m 
human and monkey convalescent serum 
and is demonstrable by the use of mon 

key-gland antigen. o -fi 

Immunological relationships: Speci c 
immunity induced by attack; passive 
immunization rarely successful.^ 

Thermal inactivation: At 55® C in 

hour. . . 

Filterability: Passes Berkefeld V and 

N filter candles. . 

Other properties: Viable in 50 per ce^ 

glycerine at 2® C at least 5 weeks, m ^ 

per cent glycerine at 10® C. 
weeks, dried while frozen at least 7 wee . 

in frozen saliva at least 3 weeks. 
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Literature: Bloch, Am. Jour. Path., 
ISy 1937, 939-944; Enders and Cohen, 
Proc. Soc. Exp. Biol, and Med., SO, 1942, 
180-184; Findlay and Clarke, Brit. Jour. 
Exp. Path., 16, 1934, 309-313; Johnson 
and Goodpasture, Jour. Exp. Med., 69, 
1934, 1-19; Am. Jour. Hyg., 21, 1935, 
46-57; 2S, 1936,329-339; Am. Jour. Path., 
12, 1936, 495-510. 

2. Rabulalevls spec. not;. From Latin 
levis, trifling. 

Common name: Guinea-pig salivary- 
gland virus. 

Host: CAVIIDAE—Cavia porcellus 
(L.), guinea pig (only known host; fetus 
more susceptible than post-natal animal, 
even if from immune mother). 

Insusceptible species: Rabbit, rat, cat, 
chicken, pigeon, dog, mouse, monkey 
{Macacus rhesus). 

Geographical distribution: United 
States, England. 

Induced disease: In guinea pig, sub- 
nmxillary glands show swollen epithelial 
cells containing relatively dense acido¬ 
philic inclusions of granular material 
within enlarged nuclei, especially in ducts 
of the serous portion of the gland, and 
larger but fewer intracytoplasmic inclu¬ 
sions; experimentally, by intracerebral 
injection of young guinea pig, prodromal 
period of about 2 days, then elevation of 
temperature to 105 or 106® F; a day later, 
hair raised, animal quiet; subsequently, 
irritability with tremors and slight con¬ 
vulsive movements; by fifth day, usually 
prostration, jerking movements, and en¬ 
suing death; brain shows no gross lesions 
but exudate over surface; in meningeal 
exudate, many cells each containing an 
acidophilic mass within its nucleus; by 
subcutaneous injection, virus recoverable 
after 2 weeks from submaxillary glands, 
cervical lymph nodes, kidney, and lung, 
not from blood, liver, or spleen. 

Transmission: Experimentally, by in¬ 
oculation of submaxillary gland or by 
intracerebral or subcutaneous injection 
of materials from infected glands; with 


difficulty from brain to brain. Pilocar¬ 
pine stimulation increases numbers of 
inclusions. 

Serological relationships: Specific neu- 
tralizingantibody is found in blood serum 
of animals that arc carrying virus in their 
submaxillary glands. 

Immunological relationships: Active 
immunity may be dependent on existence 
of more or less active lesions. 

Thermal inactivation: At 54® C in 1 
hour. 

Filterability: Passes Berkefcid N filter 
candle. 

Other properties: Viable in 50 per cent 
glycerine at least 11 days. 

Strains: An unusually virulent strain, 
killing infected animals whatever the 
route of injection, has been described but 
not given a distinctive name (Rosenbuscii 
and Lucas, Am. Jour. Patli., IS, 1939, 
303-340). 

Literature; .4ndrewes, Brit. .Jour. Exp. 
Path., 11, 1930, 23-31; Cole and Kuttner, 
Jour. Exp. Med., 44. 1926, 855-873; Hud¬ 
son and Markham, ibid.,65, 19.32,405-415; 
Jackson, Jour. Inf. Dis., 26, 1020, 347- 
350; Kuttner, Jour. Exp. Med., 49, 1927, 
935-956; Kuttner and T'ung, ibid., 62, 
1935, 805-822; Lucas, Am. .Jour. Path., 
12, 1936, 933-948; Markham, ibid., I 4 , 
1938, 311-322; Markham and Hudson, 
ibid., 12, 1936, 175-182; Pearson, ibid., 6 , 
1930, 261-274; Scott, Jour. Exp. Med., 
40 , 1929, 229-236; Scott and Pruett, Am. 
•Jour. Path., 6 , 1930, 53-70. 

3. Rabula Innocuus .spec. nov. From 
I>atin innocuus, harmless. 

Common name: Hamster salivary- 
gland virus. 

Host: CRICETIDAE—Cricetulus gri~ 
sens M. Edw., Chinese hamster. 

Insusceptible species: MU HI DAE — 
rat; Mus musculus L., white mouse. 

Geographical distribution: China. 

Induced disease: In hamster, no obvi¬ 
ous disease externally but inclusion 
bodies in submaxillary glands. 


1286 


MANUAL OF DETERMINATIVE BACTERIOLOGY 


Thermal inactivation : At 56* C in 30 
minutes. 

Literature: Kuttner and Wang, Jcur. 
Exp. Med., 60, 1934, 773-791. 

4. Rabula exiguus spec. nov. From 
Latin exiguus, petty. 

Common name: Rat salivary-gland 
virus. 

Host: M URIDAE —rat. 

Insusceptible species: MURIDAE — 
Mus musculus L., mouse. CRICETl- 
DAE—Cricciulus griseus M. Edw., Chi¬ 
nese hamster. 

Geographical distribution: China, 
Canada. 

Induced disease: In rat, no obvious 
disease externally, but intranuclear in¬ 
clusions in cells of the submaxillary 
glands. 

Literature: Kuttner and Wang, Jour. 
Exp. Med., 60, 1934, 773-791; Thompson, 
Jour. Inf. Dis., 50, 1932, 162-170. 

5. Rabula latens spec. nov. From 
Latin latens, hidden or lurking. 

Common name: Mouse salivary-gland 
virus. 

Host: MURIDAE—Mus musculus L., 
mouse. 


Insusceptible species: MURIDAE— 
rat. CRICETIDAE—Cricetulus griseus 
M. Edw., Chinese hamster. LEPOR- 
/DAF—rabbit. CA VIIDAE-Cavia 

porcellus (L.), guinea pig. 

Geographical distribution: China, 
Canada, United States. 

Induced disease: In mouse, no obvious 
disease externally, but inclusion bodies 
in acinar tissue of serous and mucous por¬ 
tions of submaxillary glands; occasionally 
also in duct cells or alveolar cells of paro¬ 
tid gland; affected cells hypertrophied. 
In Swiss white mice, extensive lesions in 
liver and spleen but emulsions of these 
organs fail to infect; rare pancreatic 
lesions. 

Transmission: Experimentally, by in- 
traglandular, subcutaneous, intraperi- 
toneal, intratesticular or intracerebral 
inoculation; inclusion bodies appear in 
salivary glands irrespective of site of 
inoculation. 

Thermal inactivation: At 60° C in 30 
minutes. 

Filterability: Passes Berkefeld V filter 
candle. 

Literature: Kuttner and Wang, Jour. 
Exp. Med., 60, 1934, 773-791; McCordock 
and Smith, ibid., 6S, 1936, 303-310; 
Thompson, Jour. Inf. Dis., 68, 1936,59*^3 


SUPPLEMENT NO. 3 


PLEUROPNEUMONIA AND 
PLEUROPNEUMONIA-LIKE ORGANISMS 

(BORRELOMYCETACEAE) 
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THE ORGANISM OF CONTAGIOUS BOVINE PLEURO¬ 
PNEUMONIA AND RELATED ORGANISMS* 


INTRODUCTION 

The organism of bovine pleuropneumonia is similar in certain respects to 
filterable viruses. Both in infected tissue and in cultures, small elements 
are present which pass through filters that retain bacteria. The organism 
IS not stained well by the usual bacterial stains and can be made visible only 
by using special methods. Bovine pleuropneumonia and other diseases 
caused by similar organisms were originally attributed to filterable viruses. 
These organisms are different from viruses in an important point; namely, 
they gi'ow on suitable media in the absence of living host cells. The cul¬ 
tures consist of pleomorphic elements, the nature of which has only slowh' 
become apparent. By the studies of Nowak (Ann. Inst. Past., -Jd, 1929, 
1330), Turner (Jour. Path, and Bact., 1935, 1) and Klieneberger and 
Smiles (Jour. Hyg., 1942, 110), it has been established that the pleo¬ 
morphic forms are part of a reproductive cycle different from binary 
fission. The small elements in the cultures swell up into large round forms 
which reproduce the small elements within their meinbianes. The mor- 
phology of the organism is further complicated by the fact that long branch¬ 
ing filaments are present in freshly isolated bovine strains. The.se break up 
into granules or parts of the filaments swell up into large round forms. In 
the judgment of some investigators, these properties, in addition to un¬ 
usual softness and fragility, exclude the organism of bovine pleuropneu¬ 
monia and similar organisms from the order of true bacteria. Ledingharn 
(Jour. Path, and Bact., 37, 1933, 393) has classified them with the Actino- 
T^yces. Later, Turner (Jour. Path, and Bact., 4L 1935, 1) placed them in 
an independent order, Borrelornycetales, while Sabin (Bact. Rev., 1941, 
58) has even placed them in an independent class, Paramycetcs. 

The observations of the present author give support to the classification 
of Buchanan (Jour. Bact., 3, 1918, 44) who placed the genus Astcrococcus 
Borrel et al. with the organism of bovine pleuropneumonia (A sterococcua 
^ycoides Borrel et al.) as type, together with the genus Haemophilus Win¬ 
slow et al. in subtribe Haemophilinae Buchanan of the tribe Bacteneae 
Trevisan emend. Buchanan. In many strains of the pleuropneumonia 

*Comnion names liave been used tlirough Supplement No. 3 (except for Asteru- 
coccu«and A. mycoides) as the author believes that a more suitable nomenclature than 
thus far proposed should be developed \vh(*n agreement is reached as ttj the nature 
“f these organisms. Specific names that have been projwsed arc given merely as a 
•natterof record. No new names have been intn'dueed. 
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gi’oup, the small forms appear in appropriate preparations as small bipolar 
stained bacilli. The transformation of the bacilli to round bodies of 
variable size often occurs in bacterial cultures and is not specific for the 
pleuropneumonia gi'oup. Furthermore, it has been observed in several 
species of bacteria that they reproduce in the large round forms in a manner 
similar to that observed in the pleuropneumonia group. Thus the form 
variation and reproductive processes observed in the pleuropneumonia 
group are not specific to this gi'oup. They represent general bacterial 
properties and should be included in the definition of the tioie bacteria. 

According to these considerations, the organisms belonging to the 
pleuropneumonia group are small, Gram-negative bacilli often showing 
bipolar staining and their distinctive characteristic is the tendency to 
swell up into round forms and multiply by the reproduction of bacilli in the 
round forms. Their habitat is in the mucous membranes of animals and 
man and many of them are pathogenic. They are exacting in their media 
requirements and usually require fresh animal serum for their groudh. 
These properties indicate a close similarity to the species now included in 
tlie genera Pasteurella and Haemophilus. The pleuropneumonia group 
might well be classified in the same or a closely related family. It is un¬ 
certain whether the strains isolated from earth and sewage should be classi¬ 
fied with the strains bolated from animals and men. The soil and sewage 
strains are less soft, stain more easily and grow abundantly without animal 
serum. The strains isolated from bacterial cultures are most probably 
variant forms of the bacteria and should be classified with the parent 
organisms. 

The viruses of psittacosis and lymphogranuloma present similarities to 
the pleuropneumonia group both in morphology and in their methods of 
reproduction. This gives added weight to the thought that the pleuro¬ 
pneumonia group represents an intermediary stage in the evolution of the 
small, Gram-negative bacteria of the mucous membranes into the filterable 
viruses. 
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I. THE PLEUROPNEIT^IONIA GROUP. 

{Borrelomycelaceae Turner, Jour. Path, and Bact., 4^. 1935. 25; Pnra^Unccae Sabin, 

Bact. Rev., 5, 1941, 58.) 

The organisms are soft and fragile. Without special precautions they are often 
distorted or entirely destroyed in microscopical preparations. The cultures contain 
pleomorphic elements: Small granules, bacilli, bacillary filaments and round forms 
varying in size from a few tenths of a micron to 10 microns or more, -\utolyzed round 
forms may coalesce into large empty blebs. The round forms are partof a reproductive 
cycle. They are produced by the swelling of the bacillary forms and filaments and 
reproduce granules or filaments by inside segmentation or multiple germination. 
In freshly isolated bovine strains, the filaments show apparent or true branching and 
reproduce the small forms by segmentation. The smallest growing units may not be 
larger than .15 to .28 micron and pass through filters that retain bacteria. On agar, 
tiny colonies (0.1 to 0.6 mm) develop in great numbers. The colonies invade the agar 
and after 2 to 5 days growth have an opaque center eml)odded in the agar and a thin 
peripheral zone. The surface has a rugged or granular appearance due to the develop¬ 
ment and autolysis of the large forms. After a few days growth, the cultures usmily 
show pronounced autolysis. The parasitic strains require fresh animal scrum for 
growth. There is a single genus. 

Genus /. Asterococcus Borrel et al. 

(Borrel, Dujardin-Beaumetz, Jeantet and Jouan, Ann. Inst. Past., 2^, 1910, 179; 
Coccobacillus Martzinovski, Ann. Inst. Past., 26, 1911, 91; Jificromyces Frosch, Arch, 
f. wissensch. u. prakt. Tierheilk., 49, 1923,35 and 273; not Microviyces Dangcard, Le 
Botaniste, 1, 1888, 55; Mycoplasma Nowak, Ann. Inst. Past., 43, 1929, 1319; Aster- 
omyecs Wroblewski, Ann. Inst. Past.,-{T'* 1931, 105; Borrelomyces Turner, Jour. Path, 
and Bact., 1935, 25; Bovimyces Sabin, Bact. Rev., 6, 1941, 57.) 

Characters as for the family. 

The type species is Asterococcus mycoides Borrel et al. 


1. Asterococcus mycoides Borrel etal. 
(Le microbe de la peripneumonia. Nocard 
and Roux, Ann. Inst. Past., 12, 1898,240; 
Borrel, Dujardin-Beaumetz, Jeantet and 
Jouan, Ann. Inst. Past., 24, 1910, 168; 
Coccobacillus mycoides peripneumoniae 
Martzinovski, Ann. Inst. Past., 25, 1911, 
914; Micromyces peripneumoniae bovis 
conlagiosae Frosch, Arch. f. wissensch. u. 
prakt. Tierheilk., 49, 1923 , 35 and 273; 
Mycoplasma peripneumoniae Nowak, 
Ann. Inst. Past., 43, 1929, 1530; Astero- 
nyces peripneumoniae bovis Wroblewski, 
Ann. Inst. Past., 47, 1931, 94; Borrelo¬ 
myces peripneumoniae Turner, Jour. 
Path. Bact., 4 I, 1935, 1; Bovimyces pleu- 
ropneumoniae Sabin, Bact. Rev., 6, 1941, 
67.) 

Morphology of cells and appearance of 


agar cultures correspond with the descrip¬ 
tion given for the group. 

Broth cultures are slightly opalescent 
and, upon shaking, the cultures of fresh 
strains exhibit silk-like whorls, duo to 
the presence of long chains and filaments. 
The cultures after prolonged incubation 
consist of small granules. 

Biochemical activity: Old colonies on 
serum agar develop a brownish color. 
Freshly isolated strains reduce hemo¬ 
globin. Glucose, fructose, mannose, mal¬ 
tose, and dextrin are fermented with the 
production of acid but no gas. The cul¬ 
tures arc bile soluble. 

The strains isolated from cattle are 
homogeneous in serological reactions and 
distinct from the other members of the 
group. 
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Habitat: It is the rausative agent of 
contagious bovine pleuropneumonia. 
The disease can be transferred to sheep, 
goats and water l)uffaloes, hut not to 
mice, rats, ral>bits or other experimental 
animals. 

2. The organism of agalactia of sheep 
and goats. (Le microbe d'jigalaxie con- 
tagieuse, liridr^* and Donation, Ann. 
Inst. Past., 39, 1925, 925; Anulomyces 
agalaxiae Wroldcwski, .\nn. Inst. Past., 
47, 1931, 111; Borrdomyces agalactiac 
Turner, Jour. Path, and Pact., 4^1 1935, 
25; Capromyces (ujalactiae Sabin, Bact. 
Kev., 5, 1941, 57.) 

These organisms are very similar to the 
former organisms in morphology, appear¬ 
ance of the cultures and growth require¬ 
ments. Usually the growth is less vigor¬ 
ous, the colonies remain smaller, and the 
elements of the cultures are more delicate 
and less easily visible than those of 
bovine pleuropneumonia. Characteris¬ 
tic crystals develop in the cultures. 

Serologically and immunologically this 
species is distinct from the bovine spe¬ 
cies. 

It is the cause of a systemic disease in 
sheep and goats with involvement of the 
joints, e 3 'es, and, in lactating animals, 
the mammary glands. Other species are 
not susceptible. 

3. Pleuropneumonia-like organisms in 
dogs. {Astcrococcus canis, Types I and 
11, Schoentensack, Kitasato Arch. Exp. 
Med., 11, 1904, 227; 13, 1936, 175; Cano- 
inyces judmonis I and II, Sabin, Bact. 
Rev., 5, 1941, 57.) 

Both types produce slight uniform 
opalescence in broth. Tj’pe I grows in 
granules and coarse colonies and is ap¬ 
parently pathogenic for dogs. Type II 
grows in somewhat larger granular 
colonies. 

They are serologically distinct from 
each other and from the other members 
of the pleuropneumonia group. 


The connection of these organisms with 
distemper is not proven. 

4. Pleuropneumonia-like organisms in 
rats. Lj (Klieneberger and Steabben, 
Jour. Hyg., 37, 1937, 143; Jour. Hyg., 40, 
1940, 223; Murimyces pulmonis Sabin, 
Bact. Rev., 5, 1941, 57.) 

1.4 (Klieneberger, Jour. Hyg., 55,1938, 
458; Murimyces arthritidis Sabin, he. 
cit.) 

The pyogenic virus of VVoglom and 
Warren (Jour. Exp. Med., 68 , 1938, 513) 
and L; of Findlay, MacKenzie, Mac- 
Callum and Kleineberger (Lancet, 257, 
1939, 7) are identical with L 4 . The 
organisms isolated from infected joints by 
Bceuwkes and Collier (Jour. Inf. Dis., 
70, 1942, 1) and Preston (ibid., 70, 1942. 
180) probably are identical with L 4 hut 
they were not typed serologically. 

The requirements for growth, the ap¬ 
pearance of colonies and the morphology 
are very similar to those of the type 
strain with the difference that long fila¬ 
ments are not observed either in liquid 
or solid media. 

The strains isolated from rats belong to 
two serological types. La was cultivated 
from chronic lung abscesses, but the num¬ 
ber of strains typed is not sufficient to 
ascertain that all strains isolated from 
this source belong to one type. The Li 
strains are not pathogenic for rats m 
artificial infection. They produce sup¬ 
puration in mice when they are injecte 

wdth agar. 

L 4 which is serologically different from 
La was cultivated from abscesses and 
spontaneous polyarthritis. It produces 
polyarthritis both in mice and rats. l 
is not infectious in monkeys, rabbits an 
guinea pigs. Both La and L 4 were reco\ 
ered from the brains of mice kept m the 

same room with rats. 

According to Klieneberger, L, usualij 
produces somewhat larger and coarse 
colonies than L^; La grows in hrot 
small granules, while U produces an 

opalescent growth. 
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5. Pleuropneumonis-like organisms in 
mice. (Sabin, Science, 88, 1938,575, and 
Bact. Rev., 5, 1941, 1; Findlay, Kliene- 
berger, MacCallum and MacKenzie, Lan¬ 
cet, 1938,1511.) A strain isolated by 
Sullivan and Dienes (Proc. Soc. Exp. 
Biol, and Med., 4L 1939, 620) is identical 
with Type A. 

Five groups of strains, distinct sero¬ 
logically, and, to a certain extent, distinct 
also in their pathological properties, liave 
been isolated from mice. These are 
types A, B, C, D, and E of Sabin. The 
strains are closely similar to each other 
and to the rat strains. It is questionable 
whether the slight differences in the ap¬ 
pearance of the colonies and in the mor¬ 
phology of the cultures are of significance. 

Type A {Mnsculomyces neurolylicus 
Sabin) is usually present in the conjunc¬ 
tiva and was isolated also from the lung 
and brain. Intercerebral injection of 
Type A produces in mice a characteristic 
rolling disease due to a toxin w’hich is also 
present in broth cultures. Intravenous 
injection produces a transient polyarthri¬ 
tis without damage to the cartilage or 
ankylosis. Type A is serologically simi- 
lartoLsof Klieneberger, (Jour.Hyg.,4^, 
1940, 204). 

Type B {Musculomyces arlhrolropicus 
Sabin) was isolated from the brain and 
from the nasal mucosa. It produces no 
rolling disease and no soluble toxin. In 
nuce, intravenous injection usually pro¬ 
duces a chronic arthritis often leading to 
ankylosis. 

Types C, D and E {Musculomyces his- 
tolropicus Sabin) were isolated from the 
same location as Type B and produce 
similar arthritic lesions. They are sero¬ 
logically distinct from Type B and from 
each other (Sabin, Science, 90, 1939, 18 
and Sabin and Johnson, Proc. Soc. Exp. 
Biol, and Med., 44, 1940, 569). 

L| isolated from mice by Findlay et al. 
(Trans. Roy. Soc. Trop. Med. Hyg., SS, 
1939-40, 6) and the strains of Edward 
(Jour. Path.and Bact., 60, 1940,409) were 


not compared serologically with the types 
of Sabin. 

6. Pleuropneumonia-like organisms in 
man. (Dienes, Proc. Soc. Exp. Biol, and 
Med., 44,1940,468; Beveridge, Med. Jour, 
of Australia, 30, 1943, 479; Kleiiie- 
berger. Lancet, 2, 1945, 46.) 

They are present in about 30 per cent 
of women in the genitals and they were 
isolated from suppurative processes orig¬ 
inating from this source. In men they 
were found in urethritis, cystitis and 
chronic prostatitis. 

The appearance of the colony, the mor¬ 
phology' and growth requirements cor¬ 
respond W’ith the animal strains. The 
human strains grow less abumlantly in 
serum broth than the animal stmins. 

One strain was found by Sabin (Proc. 
Soc. Exp. Biol, and Med., 44. 1940, 569) 
to be serologically dilTorent from the 
strains isolated from rats and mice. It is 
not known whether the strains are sero¬ 
logically uniform. There is a slight vari¬ 
ation in colony form, in the tendency to 
grow in filaments, and in the abundance 
of growth, but the variation between the 
strains is less tlian the variation due to 
slightly different cultural conditions. 

Mice and rats are usually not suscepti¬ 
ble to infection with the human strains; 
however, several young mice from a single 
litter were killed in three to six days by 
subcutaneous or intraperitoneal injection 
of one strain. 

7. Pleuropneumonia-like organisms In 
chick embryos. (Van Herick and Eaton, 
Jour. Bact., 60, 1945, 47.) 

Organisms have been isolated from 
chick embryos which conform to the 
pleuropneumonia group with regard to 
morphology, the appearance of colonies 
on agar and filterability. The cultures 
agglutinated red blood cells from various 
animals. The relation of this strain to 
the coecobacillary bodies of Nelson (see 
Section 11) has not been studied. 
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II. ORGANISMS OF UNCERTAIN CLASSIFICATION. 


% 

Similar to the Pleuropneumonia Group. 


1. Coccobacillary bodies of Nelson. 

(Nelson, Science, 82, 1935, 43; Jour. Exp. 
Med., 65, 1937, 833; Jour. Exp. Med., 72, 
1940, 615.) 

Nelson isolated a small bacillary organ¬ 
ism apparently connected with coryza and 
infectious catarrh from the nasal passages 
of fowls and from the nasal passages and 
the middle ear of mice and rats. Their 
size appeared to be 0.3 to 0.4 micron in 
microscopical preparations and they 
passed through a filter with a pore size 
of 640 millimicrons. They were isolated 
in tissue cultures but they grow also in 
the cell-free and heated supernatant 
fluid. The freshly isolated cultures did 
not grow on blood or on artificial media; 
however, after 120 passages in tissue cul¬ 
tures the fowl coryza bodies grew on 
blood agar slants. On ascitic agar this 
strain forms colonies very similar to those 
of the pleuropneumonia group with a dark 
center surrounded by a thin periphery. 
The organisms in the top layer are 
sometimes considerably enlarged, but no 
web-like structure is produced. The 
organism is less soft and the individual 
organisms maintained their form in the 
preparations as do bacteria, and the ten¬ 
dency to grow into the agar is less pro¬ 
nounced than in the pleuropneumonia 
group. The organism isolated from rats 
is more pleomorphic than the others. 

The coccobacillary bodies were not 
studied with methods appropriate to de¬ 
termine whether they belong to the pleu¬ 
ropneumonia group and whether the 
mouse and rat strains are identical with 


the pleuropneumonia-like organisms iso¬ 
lated from mice and rats. 

2. Filterable organisms from sewage 
and soil. (Fam. Saprophylaceae Sabin, 
Genus Sapromyces Sabin, Bact. Rev., 5, 
1941, 59.) 

The strains isolated by Laidlaw and 
Elford (Proc. Roy. Soc. London, B, 120, 
1936,292; Sapromyces laidlawi A B and C, 
Sabin, loc. cit.) and Seiffert (Cent, f* 
Bakt., I Abt., Orig., 139, 1937, 337) ac¬ 
cording to 0rskov (Cent. f. Bakt., I Abt., 
Orig., Ul, 1938, 230) and Klieneberger 
(Jour. Hyg., 40, 1940, 204) are closely 
similar to the organisms of the pleuro¬ 
pneumonia group. They are filterable, 
and the smallest reproductive units of 
those which we have appropriately ex¬ 
amined were found to be between A25 
and .175 micron. The colonies are simi¬ 
lar in appearance to the colonies of the 

pleuropneumonia group. 

The broth cultures consist of granules 
and round globular elements; the surface 
layer of agar colonies sometimes swells 
up into large round forms. They gro^ 
without serum, but small amoun^ o 
serum accelerate the growth. They 
grow both at 30« and at 37'>C. and remain 
alive in cultures kept cold for severe 
months. The broth cultures grow abun¬ 
dantly with a strong opalescence or sedi¬ 
ment. Serologically the strains are dis¬ 
tinct from the other members of the 
pleuropneumonia group and all but on 
are more or less similar to each other. 


III. PLEUROPNEUMONIA-LIKE ORGANISMS ISOLATED FROM 

BACTERIAL CULTURES. 


1. Pleuropneumonia-like organisms 
Isolated from StreptobaciUus monili¬ 
formis. Li (Klieneberger, Jour. Path, 
and Bact., 40, 1930, 93; Jour. Hyg., 4^, 
1942, 485; Dienes, Jour. Inf. Dis., 6 S, 
1939, 24; Jour. Bact., 44, 1942, 37; Mus- 


lyces slreptobacilli-montliformts & 

Bact. Rev., 5, 1941. 57; 

Inf. Dis., 69, 1941, 32; Brown and 

imaker. Bull. Johns Hopkins Hosp-, 
►42,201.) 

Itures isolated from different strains 
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of Streptobacillus moniliformis vary con¬ 
siderably in the appearance of the 
colonies, the tendency to reversion to 
bacillary form, and the degree of autoly¬ 
sis. The colonies are considerably larger 
than the colonies of the human or animal 
pleuropneumonia-likc strains; they may 
reach 1 to 2 mm. Usually a wide periph¬ 
eral zone is present and development 
and autolysis of the large bodies produces 
a coarse appearance in the colonies. 
Sometimes no peripheral zone develops, 
the colony is dome-sliaped, and the large 
bodies have no tendency to autolyze. 
The young colonies (twelve hours incuba¬ 
tion) grow into the agar as loose strands 
of more or less swollen granules. Serum 
hroth cultures grow in small clumps usu¬ 
ally adhering to the wall of the test tube. 

The cultures consist of small granules, 
small polar-staining bacilli and diph¬ 
theroid-like forms which swell to large 
round forms. In the top layer of fully 
developed colonics, the well-staincd large 
bodies may be as large as 10 to 20 microns. 
By vacuolization they transform into 
empty blebs. By segmentation of their 
contents, the large forms may reproduce 
the small bacillary forms. In suitable 
preparations chromatin bodies are visible 
both in the small and large forms. The 
small forms are filterable through Berk- 
feld candles; the size of the smallest 
particles has not been exactly deter¬ 
mined. The organism is very soft and 
fragile. 

Their growth requirements and bio¬ 
chemical activities are similar to those of 
Streptobacillus moniliformis. 

Growth occurs on nutrient agar con¬ 
taining animal serum or egg yolk. Some¬ 
times there is a slight growth on boiled 
blood agar plates without serum. Good 
growth is obtained in a mineral solution 
with 0.1 per cent starch. Growth is 
both aerobic and anaerobic. 

The Li form is more resistant to heat 
and to aging of the culture than is the 
Btreptobacillus and it has a remarkable 
resistance to penicillin to which the bac¬ 


teria are very sensitive. Like the bacil¬ 
lus, Li produces acid but no gas from 
glucose, maltose, fructose, salicin, starch, 
and dextrin. It gives no o.xidase test. 

Serologically the Li form is similar to 
Streptobacillus moniliformis and different 
from the members of the pleuropneu¬ 
monia group. It has no pathological 
effect on mice, rats or guinea pigs. It 
does not produce an infection of the 
chicken embryo. It can be isolated from 
freshly isolated strains of Streptobacillus 
moniliformis, from several-day old broth 
and agar cultures, from broth cultures 
heated at 56®C. and usually also from 48 
hour agar cultures if they are incubated 
at 28® to 30®C. It is questionable 
whether the Li form has been isolated 
directly from rats. 

Kliencberger (Jour. Hyg., 40, 1940,204) 
isolated a similar strain from a bacterium 
similar to Streptobacillus moniliformis 
which caused abscesses in guinea pigs. 
Whether this bacterium was identical or 
different from Streptobacillus monili¬ 
formis was not determined. 

2. Pleuropneumonia-like organisms 
Isolated from Bacteroldes funduliformls. 
Dienes (Proc. Soc. Exp. Biol, and Med., 
47, 1941, 385) and Dienes and Smith 
(Jour. Bact., 4S, 1944, 125) isolated cul¬ 
tures from two strains of Bacteroides 
funduliformis which could be propagated 
indefinitely and which in morphology and 
in the appearance of colonies were closely 
similar to L|. 

The young colonics consisted of similar 
strands of granules growing into the 
medium. The surface of fully developed 
colonies consisted of large bodies and a 
honey-comb-like structure. The well 
isolated colonies grew usually to a fairly 
large size (1 to 2 mm). 

Both strains, transplanted every two 
or three days through several months, 
failed to reproduce bacteria either on agar 
or submerged in broth. 

No growth was obtained in liquid cul¬ 
tures. 
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The strains, like the parent organism, 
are strictly anaerobic and the cultures 
have the characteristic odor of the parent 
strain. 

It was observed in slide cultures that 
the L type of colonies develop from large 
round forms which were produced in the 
cultures of the parent organism by grad¬ 
ual swelling of the bacteria. 

In cultures of eight pleomorphic strains 
of Bacteroides, the L type of colonies 
developed in three strains under ap¬ 
propriate conditions. The bacteria 
swelled into large round bodies in all eight 
strains. The serological properties of the 
L strains have not thus far been studied. 
Neither the parent organisms nor the L 
type strains had any pathological effect on 
laboratory animals. 

3. Pleuropneumonia-like organisms in 
a species of Flavobacterium. (Dienes, 
Jour. Bact., 44, 1942, 37.) 

Tiny colonies entirely similar in ap¬ 
pearance to young Lj colonies were iso¬ 
lated from the cultures of a species of 
Flavobacterium. 

The bacterium when freshly isolated 
produced two types of colonies on blood 
agar plate; large colonies consisting of 
small regular bacilli and tiny colonies in 


which the bacteria became pleomorphic 
and swelled up to form large round bodies. 
The tiny colonies after 48 hours of incuba¬ 
tion became autolyzed, and one or several 
L type of colonies started to grow under 
them. These colonies could be trans¬ 
planted and gave abundant growth for 
two generations, but always died out in 
the third. 

Bacterial forms were not reproduced 
either on agar or in broth. 

The L type of growth was not patho¬ 
genic for mice though the parent organism 
was highly virulent. 

4. Development of tiny colonies In 
other bacteria. 

The development of tiny colonies simi¬ 
lar in appearance to young colonies of the 
pleuropneumonia group has been ob¬ 
served in cultures of Escherichia coli, 
Haemophilus influenzae, and Neisseria 
gonorrhoea (Dienes, Jour. Bact., 44,1942, 
37; Proc. Soc. Exp. Biol, and Med., 44, 
1940, 476). In all cases preceding their 
development, the organisms oi the parent 
strains swelled into large round bodies, 
and in Escherichia coli and Haemophilus 
influenzae the development of the L type 
of colonies from these large forms was 
observed. Thus far these tiny colonies 
have not been isolated in pure culture.^. 
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(All references to viruses will be found under the heading tVinises) 


Abnormal Milk, see Dairy Products 
Agar 

Bacillus f 734 
Containing iodiform 
Micrococcus f 272 
Digesting bacteria 
Ace(o6ac/er, 692 
Achromobacter, 628 
Agarbacierium, 628, 629, 630 
Baclerium, 625, 626 
Flavobacterium, 631 
Pseudomonas, 177, 178, 697, 698, 700 
Vibrio, 200, 203, 204, 702, 703 


Slreplomyces, 935, 969 
Sireptothrix, 975 

Air 

—brewery 
Sarcina 

—contamination 
Nocardia, 915 
Planococcus, 281 
Pseudomonas, 174 
Staphylococcus, 282 
Contamination on cooked potato 
Chromobacterium, 232 


Air, also see Dust 

Actinomyces, 968, 969, 970, 972, 973 
Bacillus, 647, 648, 649, 650, 651, 653, 
654, 655 , 658, 659 , 661, 663, 664, 665, 
667, 668, 669 , 670 , 671, 672 , 738, 741, 
742 , 743 , 744 , 747 , 748, 749 , 750, 751, 
762 , 754, 756 , 758 

Bacterium, 602, 643, 672, 674, 676, 678, 
680, 684, 761 

Chromobacierium, 232, 233 
Clostridium, 803 
Corynebacterium, 386 
Flavobacterium, 611 
Gaffkya, 283 
Leuconostoc, 348 

Micrococcus, 237, 239, 244, 251, 252, 
253, 265, 256, 260, 261, 268, 271, 272, 
273, 276, 278, 281 
Nocardia, 915, 975 
7*actn*a, 696 
Planococcus, 281 

Pseudomonas, 95, 96, 147, 149, 174 
Rhodoeoccus, 281 
Sarcina, 288, 290 
Staphylococcus, 282 
Streptococcus, 336 , 338, 340 


Amphibia, Common Names 
African toads 
Vibrio, 197 
Frogs 

Bartonella, 1108 
Eberthella, 534 
Flavobacterium, 439 
Malleomyces, 556 
Micrococcus, 281 

Mycobacterium, 883, 884, 885, 890 
Pseudomonas, 102, 103 
Salmonella, 532 
—, abscesses 
Micrococcus, 281 
—, feces 

Bacillus, 742 
—, intestine 

Cliitin-digesting bacteria, 632 
Spirochaeta, 1065, 1069, 1070 
—, large intestine 
Bacillus, 742, 754 
Spirillum, 217 
—, wound infections 
Eberthella, 534 
Salamander 

Pseudomonas, 102 


•Prepared by Prof. Robert S. Breed and Mrs. Margaret E. Breed, Geneva, New 
York, August, 1947. 

t Prepared by Frances 0. Holmes, Rockefeller Institute for Medical Research, 
Princeton, New Jersey, July, 1947. 
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Amphibia (continued) 

Toads 

ArlhromitiSy 1003 
Bacillus, 744, 754 
Micrococcus, 281 
Serratia, 462 
Vibrio, 197 
—, abscesses 
Micrococcus, 281 
—, intestine 
Spirockaeta, 1066 
—, large intestine 
Spirillum, 217 
Treponema, 1075 
—, rectum 

Bacterium, 760 
—, tadpoles 
Bacillus, 1V2 
Tree toads 
Spirockaeta, 1066 

Amphibia, Diseases of 
Frogs 

Pseudotubereulosis 
Malleomyces, 556 
Tuberculosis 

Mycobacterium, 883, 884, 885, 890 
Red leg 

Pseudomonas, 102, 103 

Amphibia, Scientific Names 
Alytes sp., 742 

Bufo americanus, 462 , 742 , 754 , 760. 
1066, 1075 

Hyla seplentrionalis, 1066 

Lepiodaclylus ocellalus, 1108 
Leplodaclylus pentadactylus, 1113 
Rana pipiens, 462 
Rana tamporaria, 742, 754,1065,1069, 
1070 

Xenopus laevis, 439 

Animal Diseases (Vertebrate), also see 
Amphibia, Birds, Fishes, Reptiles, 
and Mammals 
Vertebrates 
Cold-blooded 
Mycobacterium, 887 
Warm-blooded 
Neisseria, 300 
Pasteurella, 548, 549 


Animal Products (Vertebrate) 

Catgut for sutures 
Bacillus, 

Gelatin 

Colony on old plate 
Micrococcus, 281 
Containing iodoform 
Micrococcus, 272 
Spoiled 
jBaci7/«s, 756 
Glue 

Black discoloration 
Ckromobacterium, 233 
Hides, salted 
Pseudomonas, 110 
Sarcina, 289 

Animal Sources and Diseases (Inverte¬ 
brate) also see Arthropods, Insecta, 
MoIIusca, and Protozoa 


Animal Sources (Invertebrate), Com¬ 
mon Names 
Annelid, Marine 
Crisiispira, 1057 
Blood suckers 
Bacillus, 746 
Bacterium, 679 
Echinoderm 
Crisiispira, 1056 
Ijeeches 
Bacillus, 746 
Bacterium, 679 
Tunicate 
Spirockaeta, 1066 

Animal Sources (Invertebrate), Scien¬ 
tific Names 
Asterias rubens, 1056 
Caesira relortiformis, 1066 
Hirudo spp., 679, 746 
Polydora flava, 1057 


Animal Sources (Vertebrate), also see 
Amphibia, Birds, Fishes, Reptiles. 

and Mammals 
Vertebrates, Intestine 
Aerobacter, 455 
Escherichia, 447, 449, 450 


Paracoldbactrum, 460 
Vertebrates, Warm-blooded 

Salmonella, 503, 510, 517, 528 


Vibrio, 196 
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Arthropoda, Common Names 
Arachnids 

Rickettsia, 1098, 1099 
Crustacea 
Crayfish, intestine 
Chitin-digesting bacteria, 632 
Fresh water 
Bacterium, 678 
Pasteuria, 836 
Horseshoe crab, shell 
Bacterium, 632 
Marine 

Bacterium, 635 
Small Crustacea 
Eubacterium, 367 
Pasteuria, 836 
Myriapoda 
Diplopods 
Fusiformis, 694 
Millipeds, intestine 
Arthromitis, 1003 
Mites 

Rickettsia, 1098 
Haemohartonella, 1105 
Bird mites 
Rickettsia, 1091 
Human mites 
Rickettsia, 1091, 1092 
Rodent mites 
Rickettsia, 1091, 1092 
Spiders 

Rickettsia, 1098 
Ticks 

Borrelia, 1059 
Raemobartanella, 1105 
Klebsiella, 459 
Rickettsia, 1097, 1098, 1099 
Spirochaeta, 1068 
Bont ticks, 

Rickettsia, 1089, 1094 
Dog ticks, 1088, 1096, 1098 
Rickettsia, 1088, 1089, 1096, 1098 
Rabbit ticks 
Rickettsia, 1088 
Sheep ticks 
RickelUia, 1097 
Wood ticks 

Rickettsia, 1088, 1093, 1096 

Arthropoda, Scientific Names 
Crustacea 

^aphnia sp., 836 


Gammarus zschokkei, 678 
Limulus polyphemus, 632 
Talorchestia sp., Ill 
Millipeds 

Julus maryinatus, 1003 
Mites 

Allodermanyssns sanguineus, 1092 
Tromhicula akamushi, 1091 
Trombicula deliencis, 1091 
Tromhicula Jlefcheri, 1091 
Trombicula u'alchi, 1091 
Ticks 

Amblyomma americanum, 1088, 1093, 
1098 

Amblyomma brasiliensis, 1088 
Arnblyomma cajenncnse, 1088 
Amblyomma hebraeum, 1089, 1094 
Amblyomma maculatum, 1098 
Amblyomma spp., 1088 
Amblyomma striatum, 1088 
Amblyomma variegatum, 1094 
Boophilus decoloratus, 1089 
Dermacenlor albipictus, 459 
Dermacenlor andersnni, 1088, 1093, 
1096, 1098 

Dermacenlor occidenlalis, 1093 
Dermacenlor spp., 1088 
Dermacenlor variabilis, 1088 
Haemophysalis humerosa, 1093 
Ifaemophysalis leachi, 1089 
Haemophysalis leporis-palustris, 

1088, 1093 

Haemophysalis spp., 1088 
Hynlomma spp., 1095 
Ixodes dentatus, 1088, 1093 
Melophagus ocinus, 1068, 1097 
Ornithodoros erraticus, 1066 
Ornithodoros hermsi, 1064 
Ornithodoros latiorensis, 1069 
Ornithodoros jnarocanus, 1067 
Ornithodoros mouhata, 1060 
Ornithodoros normandi, 1068 
Ornithodoros parkeri, 1064 
Ornithodoros rudis, 1064 
Ornithodoros spp., 1063, 1088 
Ornithodoros tholozani, 1069 
Ornithodoros turicata, 1064 
Ornithodoros venezuelensis, 1064 
Rhipicephalus appendiculatus, 1089 
Rhipicephalus bursa, 1097 
Rhipicephalus decoloratus, 1062 
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Arthropoda {continued) 

Ticks {continued) 

Rhipicephalus sanguineus, 1089, 
1096, 1098 

Rhipicephalus spp., 1088 

Arthropod Vectors, see Arthropoda, and 
Insecta 

Bacterial Cultures 

Pleuropneumonia-iike organisms, iso¬ 
lated from 

Bacteroides funduliformis, 1295 
Flavobacterium sp., 1296 
Streplobacillus monilifonnisy 1294 

Beer 

Acelobacter, 183, 184, 185, 186, 188, 
189 

Bacteriuniy 680 
Flavobacterium, 441 
Pediococcus, 249, 250 
Pseudomonas, 94, 176 
Bottled 

Micrococcus, 260 
Double 

i4ce/o6ac/er, 183 
Ginger 

Bacterhim, 362 
Ropy 

Acetobacter, 188, 189 
Streptococcus^ 250 
Sarcina-sick 
Pediococcus, 249 
Spoiled 

Achromobacter, 423 
Lactobacillus, 360 
Pediococcus, 249, 250 
Streptococcus, 345 

Beermash 

Spoiled 

Pediococcus, 249, 250, 260 
Beer Wort 

Acetobacter, 183, 185, 186 
Bacillus, 758 
Infiahilis, 823 
Lactobacterium, 363, 364 
Pseudomonas, 146 

Birds, common names 
Bullfinch 
Rickettsia, 1095 


Canaries 
Bacillus, 530 
Pasteurella, 554 
Shigella, 540 

Chaffinch, stomach and intestine 
Micrococcus, 260, 266 
Coot, stomach 
Micrococcus, 260, 263 
Crow, stomach contents 
Micrococcus, 269 
Cuckoo, throat 
Corynelacterium, 403 
Dove, intestine 
Bacillus, 666 
Bacterium, 760,761,762 
Micrococcus, 252, 254 , 270, 271, 274, 
276 

Sarcina, 292 
Dove, stomach 
Bacterium, 760 

Micrococcus, 252, 254, 270, 271, 274, 
276 
Duck 

Borrelia, 1059 
Pasteurella, 652, 554 
Pfeifferella, 554 
Salmonella, 505, 518, 523, 527 
Duck, skin 
Corynelacterium, 406 
Finch, intestine 
Micrococcus, 257, 259 
—, stomach 
Bacterium, 761 
Micrococcus, 251, 259 
Flicker, feces 
Clostridium, 795 
General 

Salmonella, 504, 521, 526, 52? 

—, caecum 

Treponema, 1075, 1076 
—, intestine 

Bacillus, 648, 651, 652, 653, 655, 658. 

660, 662, 664,666, 669, 671,746, 7^ 
Bacterium^ 675, 676, 683, 685, 687, 
688, 759, 760. 761, 762 
Micrococcus, 269 
Pseudomonas, 147,149 
Vihno, 196 
—, not pathogenic for 
Piscine tuberculosis 
Mycdbocterium 883 
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Birds {continued) 

Turtle tuberculosis 
Mycobacleriumy 886 
—, stomach 

Bacillus, 647, 648, 652, 653, 655, 658, 
660, 662, 664, 666, 667, 669, 671. 
746, 749, 754 , 757 
BacieHum, 686, 759, 760 
Micrococcus, 269 
Pseudomonas, 146, 147 
Grouse 

Salmonella, 521 
—, blood and intestine 
Spirochaeta, 1067 
Guinea fowl 
Clostridium, 796 
Hedge sparrow, stomach 
Jlficrococct/s, 252, 270, 273 
Parrots 

Miyagawanella, 1117 
Salmonella, 532 
—, nasal secretions 
Miyagawanella, 1117 
Partridge 
Salmonella, 525 
Pheasant 
Bacterium, 552 
Clostridium, 746 
Miyagawanella, 1117 
Salmonella, 521 
Pigeons, diseased 
Bacillus, 400, 652 
Bacterium, 401 
Brysipelothrix, 411 
^oemohartonella, 1104 
Mycohacterium, 881 
Salmonella, 503, 532 
Poultry 

Salmonella, 502, 505, 507, 509, 510, 

5n, 512, 613, 614, 516, 518, 519, 

621,522, 523,525,626, 528, 529,530 
caecum 

'Preponema, 1075 
erythrocytes 
Orahamella, 1110 
“"■i intestine 
Barcina, 292 
■"> nasal passages, 1294 
■"(Hot pathogenic for 
^vine tuberculosis 
^VC(d)acUTium, 879 


—, human tuberculosis 
Mycobacterium, 878 
—, spleen 

Mycobacterium, 890 
—, throat 

Corynebacterium, 403 
Quail 

Salmonella, 510, 521 
Robin, feces 
Bacillus, 756 

Rock dove, stomach and intestine 
A/icrococcws, 252, 270, 276 
Sarcina, 293 
Snipe, intestine 
Chitin-digesling bacteria, 632 
Sparrow, intestine 
Micrococcus, 270, 273, 201, 293 
—, stomach 
Bacterium, 761 
Micrococcus, 291, 293 
Starling, intestine 
Micrococcus, 257, 263, 272, 273 
—, stomach 

Micrococcus, 257, 263, 272, 273 
Sarcina, 291 
Teal, caecum 
Treponema, 1076 
Turkey 

Salmonella, 510, 512, 513, 514, 519 
524, 525, 527, 528 
Turkey poults 
Lactobacillus, 407 

Salmonella, 504,. 505, 514, 515, 523, 
527, 528, 529 
Woodpecker, intestine 
Micrococcus, 251, 260, 272 
jSarcj'na, 290 

Yellow hammer, intestine 
Micrococcus, 259, 263, 265, 272 
Sarcina, 292 
-, stomach 

—Micrococcus, 259, 263, 265, 272 

Birds, Diseases of 
Birds of prey 
Bovine tuberculosis 
Mycobacterium, 879 
Canaries 

Infectious necrosis 
Pasteurella, 554 
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Birds, Diseases of (continued) 

Canaries (continued) 

Intestinal catarrh and liver changes 
Bacillus, 530 
Septicemia 
Shigella, 540 
Chicken, see Poultry 
Chicken embryos 

Pleuropneumonia-like disease, 1203 
Cockatoo 

Bovine tuberculosis 
Mycobacterium, 879 
Crossbills 
Infectious disease 
Bacilhis, 661 
Dove 

Ornithosis 
Miyagairanella, 1117 
Ducklings 
Keel 

Salmonella, 523 
Ducks 
Septicemia 
Pasteurella, 552 
Pfeifferella, 554 
Finches 
Ornithosis 
Miyagaivanella, 1117 
Fulmar petrels 
Ornithosis 
Miyagairanella, 1117 
Geese 
Septicemia 
Shigella, 543 
Spirochaetosis 
Borrelia, 1059 
General 

Avian tuberculosis 
Mycobacterium, 881 
Cholera-like disease 
Vibrio, 196 
Diphtheria 
Bacillus, 400 
Diphtheria-like disease 
Actinomyces, 915 
Hemorrhagic septicemia 
Pasteurella, 549 

Pleuropneumonia-like disease, 1293 

Grouse 

Bacillus, 668 
Parrot 


Bovine tuberculosis 
Mycobacterium, 879 
Human tuberculosis 
Mycobacterium, 878 
Nodules, kidney, lung, spleen 
Streptococcus, 342 
Parrot fever 
Miyagawanella, 1117 
Psittacosis 
Miyagawanella, 1117 

Pheasants 
Epidemic in 
Bacterium, 552 
Ornithosis 
Miyagawanella, 1117 
Pigeon 

Avian tuberculosis 
Mycobacterium, 881 
Diphtheria 
Bacillus, 400 
Bacterium, 401 
Poultry 

Abscesses, epidemic 
Sphaerophorus, 579 
Chicken cholera, blood 
Micrococcus, 262 
Chicken cholera-like disease 
Proteus, 489 
Conjunctivitis, acute 
Colesiota, 1120 

Coryza ^ , 

Coccobacillary bodies of Nelson. 

1294 

Diphtheria 
Bacterium, 674 
Corynebacterium, 385 
Fowl cholera 
Bacterium, 642 
Salmonella, 521 
Fowl typhoid 
Proteus, 489 
Salmonella, 521 
Hemorrhagic septicemia 

Pasteurella, 547, 549 
Keratitis 

Colesiota, 1120 
Lesions, tuberculous 
Mycobacterium, 880 
Limberneck 
Clostridium, 780 
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Birds, Diseases of {continued) 

Listeriosis 
Listeria, 409 
Ocular roup 
Colesiota, 1120 
Ornithosis 

Miyagawanella y 1117 
Rhinitis, infectious 
HemophiluSy 589 
Roup 

Bacterium, 674 
Septicemia 
Bacterium, 642 
supped tendon 
Streptococcus y 317 
Spirochaetosis 
Spirochaeia, 1059 
Tuberculosis, avian 
Mycobacterium, 879, 880 
Tumors in abdominal cavity 
Actinomyces, 918 
White diarrhoea 
Salmonella, 521 
Swan 
Cholera 
Bacillus, 551 
Infectious disease 
Bacterium, 642 
Turkeys 
Rneumocarditis 
Bacillus, 662 
Wild pigeons 
Epidemic in 
Bacterium, 552 

Bird’s Nest 

Myxococcus, 1042 

Birds, Scientific Names 
Colaptes auratus, 795 
Columba livia, 252, 270, 276, 293 
Columba oenas 252, 254, 270, 271, 274, 
276, 292, 760, 701 
Corvus corone, 269 
Bmberiza citrinella, 259, 263, 265, 
272, 292 

Pringella carduelis, 257, 259 
Pringella coelebs, 260, 266 
Pulica atra, 260, 263 
Oallus sp., 1075 
Logopus scoticus, 668, 1067 
Lartw ridibundus, 1076 

Parser monianus, 262, 270, 273, 291, 
203 


Picus jnajor, 251, 260, 272, 290 
Pyrrhula europea, 1095 
Querquedula querquedula, 1076 
Squatarola squatarola, 1076 
Sturmis vulgaris, 257, 263, 272, 273, 
291 

Blue Milk, see Dairy Products, Abnormal 
Milk 

Bovine Diseases and Sources, see Cattle 
Butter 

Actinomyces, 974 

Aerobacter, 456 

Bacillus, 743 

Bacterium, 590, 602, 676 

Chromobacterium, 234 

Lactobacillus, 357 

Leuconostoc, 348 

Microbacterium, 371 

Micrococcus, 260, 264, 265, 266, 279 

Mycobacterium, 889, 890 

Nocardia, 905 

Pseudomonas, 146 

Sarcina, 291 

Streptococcus, 325, 337, 339 
Black to reddish brown discoloration 
Pseudomonas, 109 
Fruity aroma 
Micrococcus, 260 
May apple to strawberry odor 
Pseudomonas, 100, 101 
Rancid 

Bacillus, 650, 659, 660, 814, 816 
Micrococcus, 254 
Skunk odor 
Pseudomonas, 99 
Tainted 

Pseudomonas, 99, 100, 101, 109 
Buttermilk 
Bacillus, 644 

Propionibacterium, 374, 375, 377 
Serratia, 484 
Abnormal 
Clostridium, 822 

Calf Diseases and Sources, see Cattle 

Cats 

Lungs 

Miyagawanella, 1118 
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Cats {continued) 

Not pathogenic for, 
Avian tuberculosis 

Myccbacterium, 880 
Human tuberculosis 
Mycchaclerium, 878 
Respiratory tract, upper 
Hemophilus, 586 
Sputum 
Pasieurella, 553 
Stomach 
Spirillum, 218 
Spirochaeta, 1069 

Cats, Diseases of 
Actinomycosis 
Actinonnjces, 927, 969 
Bovine tuberculosis 
Mycobacterium, 879 
Diarrhoea 
Salmonella, 511 
Diphtheria in kittens 
Corynebacterium, 385 
Distemper 
Miyagauanella, 1118 
Glanders 
Malleomycei, 555 
Hemorrhagic septicemia 
Pasieurella, 549 
Infections 
Bacillus, 655 
Streptococcus, 339 
Influenza 

Miyagauanella, 1118 
Mumps 

Spirochaeta, 1074 
Nasal catarrh 
Miyagauanella, 1118 
Pneumonia 
Brucella, 563 
Pneumonitis 
Miyagauanella, 1118 
Pseudotuberculosis 
Pasieurella, 550 

Cattle 

Blood 

Borrelia, 1062 
Clostridium, 777 
Micrococcus, 254 


Calf vaccine lymph 
Bacillus, 401 

Corynebacterium, 402, 406 
Corneal or conjunctival discharges 
Colesiota, 1120 
Erythrocytes 
Anaplasma, 1100 
Eperyihrozoon, 1112 
Haemobarlonella, 1106 
Foetus 

Streptococcus, 317 
Ganglia 

Actinomyces, 927 
Gastric mucosa 
Leptospira, 1078 
General 

Salmonella, 502, 506, 509, 513, 617, 
518, 521,527,529 
Genital organs 
Brucella, 561 
Glands 

Actinomyces, 927 
Intestine 
Bacillus, 745,818 
Clostridium, 821 
Microhacterium, 370 
Ristella, 576 
Streptococcus, 322, 327 
Liver 

Actinomyces, 926 
Bacillus, 612 
Recordillus, 823 
Lungs 

Bacillus, 612 
Micrococcus, 254 
Lymph glands 
Mycobacterium, 890 
Mouth cavity 
Actinomyces, 926 
Streptococcus, 322 
Mucosa, Intestinal 
Mycobacterium, 881 
Red blood cells, see Erythrocytes 

Rumen 

Flavobacterium, 613 
Clostridium, ^ 

Saliva 

Streptococcus, 322 
Salted hides, red 
Pseudomonas, 110 

S^arctna, 289 
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Cattle {continued) 

Skin 

BadlluSt 755 
Corynebacterium^ 402 
Mycobacterium^ 890 
Streptococcus j 335 
Spleen 

Bacterium, 759 
Stomach 
Plectridium, 823 
Stomach, third 
Micrococcus, 272 
Throat 

Streptococcits , 322 
Udder 

Actinomyces, 926 
Bacillus, 672 
Chlorobacterium, 693 
Corynebacterium, 390,401 
Mammococcus, 695 
Micrococcus, 241, 265 
Streptococcus, 316, 320, 325, 327, 334, 
335, 343 

Vaccine lymph, see Calf vaccine lymph 
Vagina 

Streptococcus, 335 

Cattle, Diseases of 
Abortion 

Salmonella, 506, 507 
Vibrio, 202 
Abortion, infectious 


Blackleg 
Clostridium, 776 
Black quarter 
Clostridium, 776 
Bronchopneumonia 

Baciltus, 650 
Bulbar paralysis 
Clostridium, 779 
Chronic diarrhoea 
Mycobacterium, 881 
Chronic pneumonia 
Actinobacillus, 558 
Contagious pleuropneumonia 
Asterococcus, 1292 
Cow pox pustules 
Streptococcus, 345 
Diarrhoea in calves 
Vi trio, 204 
Diphtheria 
Sphaerophorus, 579 
Disease in calves 
Bacillus, 401 
Dysentery, calf 
Bacterium, 689 
Endocarditis 
Nocardia, 922 
Eperythrozoonosis 
Eperyihrozoon, 1111 
Farcy 

Nocardia, 896 
Foot and mouth disease 


Brucella, 561, 662 
Abscesses 
Actinobacillus, 657 

Bacillus, 652, 666 

Corynebacterium, 388 
Staphylococcus, 701 
Abscesses, multiple sclerotic 
Sphaerophorus, 679 

Actinobacillosis 
Actinobacillus, 657 
Actinomycosis 
Actinobacillus, 667, 558 
Actinomyces, 926, 926, 927, 970 
Acute ophthalmia 
Moraxella, 692 

Anaplasmosis 
Anaplasma, 1100 
Anthrax 

Bacillus, 720 


Bacterium, 673 
Streptococcus, 337 
Haemobartonellosis 
Haemobartonella, 1102 
Heartwater 
Cowdna, 1094, 1097 
Hematuria 
Streptococcus, 344 
Hemorrhagic septicemia 
Pasteurella, 547, 648, 549 
Icterohemoglobinuria 
Clostridium, 777 
Infections 

Corynebacterium, 391 
Nocardia, 901 
Infectious disease 
Bacterium, 675 
Johne’s Disease 
Mycobacterium, 881 
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Cattle, Diseases of (contimied) 
Keratitis 
Colesiota, 1119 
Moraxella, 592 
Lamziekte 
Clostridium, 779 
Lesions, tuberculous 
Mijcobacterium, 879 
Light febrile disease 
Rickettsia, 1095 
Listeriosis 
Lnsteria, 409 
Lumpy jaw 
Actinomyces, 926 
Mastitis 
Bacillus, 662 
Cklorohacterium, 693 
Corynebacterium, 401 
Galactococcus, 250 
7'etracoccus, 284 
Streptococcus, 320, 341 
Metritis 

Streptococcus, 317 
Necrotic foci in liver 
Sphaerophorus, 579 
Ophthalmia, infectious 
Colesiota; 1120 
Peripneumonia 
Pneumococcus, 697 
Pink eye 
Moraxella, 592 

Pleuropneumonia 

Ascococcus, 1291 
Streptococcus, 345 
Pneumonia 
Pasteurella, 549 
Pneumonia, contagious 
Bacillus, 664 

Purulent infections, urinary tract 
Corynebacterium, 389 
Pus 

Cory7iebactenum, 388, 405 
Micrococcus, 264 
Streptococcus, 343 
Pyelonephritis 

Corynebacterium, 389 
Rauschbrand 

Clostridium, 820, 825 
Relapsing fever 
Borrelia, 1062 


Septicemia 
Salmonella, 514 
Streptococcus, 317 
Streptotrichosis, skin 
Actinomyces, 968 
Suppurative lesions 
Staphylococcus, 282 
Symptomatic anthrax 
Clostridium, 776, 822 
Tuberculosis, bovine 
Bacillus, 652 
Mycobacterium, 877, 879 
Ulcerations, mouth region, calves 
Bacillus, 747 
Ulcerative lesions 
Corynebacterium, 389 
White diarrhoea of calves 
Sireptococc7is, 345 

Cellulose Digesting Bacteria 

Bacillus, 737, 743, 746, 756, 814 
Bacterium, 614, 615, 633 
Cellulobacillus, 762 
Cellulomonas, 617, 618, 619, 620, 621 

622, 623 
Cellvibrio, 210 
General, 1006 
Itersonia, 1044 
Micrococcus, 259 
Pseudomonas, 145,147,148 
Spirochaeta, 1053 
Sporocijtophaga, 1049, 1050 
Vibrio, 203,204, 205, 206, 207, 703 


leese 

Aerobacter, 456, 457 
BacHhis, 612 , 647, 669, 712, 734 , 743, 
745, 750, 814, 815, 816, 824, 825 
Bacterium, 676 , 677, 678, 679, » 

683 , 686, 689, 758, 760, 761, /62, 

Clostridium, 770, 810, 820, 822, 824 

Escherichia, 452 
Granulobacillus, 826 
Lactobacillus, 351, 352, 356, 357, 
Microbacterium, 370, 371 
Micrococcus, 241, 243, 251, 2^, ' 

264, 265, 266, 269, 270, 277, 279, 

281 

Propionihacterium, 373, 374, 375, 

376, 377, 378, 379 
Sarcina, 290, 291, 2^ 2^ 
Streptococcus, 325, 326, 340, 344 
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Cheese (continued) 
Tetracoccus, 284 
Tyrotkrix, 823 
Vibrio, 197 
Bitter 

Streptococcus, 323 
Black Discoloration 
Bacterium, 678 
Gassy curd 
Bacillus, 672 
Pasteurized 
Actinomyces, 968 
Red 

Plocamohaclerium, 691 
Rusty spot 

Lactobacillus, 357, 359 

Cheese, Types of 
Blue 

Bacterium, 602 
Brick 

Bacterium,. 602, 761 
Brie 

Streptococcus, 341 
Camembert 
Bacterium, 602 
Micrococcus, 260, 263, 265 
Sardna, 293 
Telracoccus, 284 
Cantal 

Streptococcus, 337 
Cheddar 
Bacterium, 602 
Pseudomonas, 697 
Cream 

Bacillus, 664 
Streptococcus, 340 
Edam 

(^bromobacterium, 233 
^ Propionibacterium, 378 
Emmental, see Swiss 
Gouda 

Bacillus, 663 
Streptococcus, 342 
Grana 

Bacillus, 766 
Limburger 
Bacillus, 612 
Boclenum, 602 
Micrococcxis, 261, 264 

Biptauer 

Bocillus, 816, 826 


Neuchatel 
Streptococcus, 342 
Oka 

Bacterium, 602 
Parmesan, see Grana 
Bacillus, 737, 756 
Richelieu 
Micrococcus, 695 
Schlosskase 
Streptococcus, 342 
Soft 

Bacillus, 649 
Salmonella, 529 
Swiss 

Bacillus, 648, 657, 737, 739, 752 
Bac/m‘um,688, 759, 760 
Micrococcus, 255 , 256, 257, 259 , 261, 
263, 264, 269, 270, 273, 275, 277, 
281 

Propionibacterium, 373, 374, 379 
Sardna, 290, 291 
Streptococcus, 323, 338 
Tilsit 

Plocamobacterium, 691 
Propionibacterium, 378 

Chitin Digesting Bacteria 

Bacillus, 632 
Bacterium, 632 

Concrete, see Mineral Sources 
Condensed Milk, see Dairy Products 

Contamination 

Bacillus, 712, 717, 748 
Bacterium, 604, 673, 682 
Cellulomonas, 622 
Chromobacterium, 232 
Clostridium, 798 
Corynebaclerium, 401 
Nocardia, 905, 915 
Oospora, 976 
Planococcus, 281 
Pseudomonas, 174 
Staphylococcus, 282 
Tuberculin flask 
Nocardia, 905 
Vaccine 
Oospora, 976 

Cream, see Milk and Cream 
Cutting Compound, see Mineral Sources 
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Dairy Products, also see Butter, Cheese, Kefir 

and Milk and Cream Bacillus^ 746 


Abnormal milk 
Bitter flavor 
Bacillus, 648 
Micrococcus, 265 
Blue milk 

Pseudomonas, 93, 145 
Fetid odor 
Viscobacterium, 691 
General 

Ackromhacter, 609 
Red milk 
Bacterium,, 601 
Micrococcus, 256 

Ropy milk, also see Slimy milk 
Achromobacler, 427 
Alcaligenes, 414 
Lactobacillus, 695 
Micrococcus, 258, 268, 271 
Streptococcus, 344, 702. 

Slimy milk, also see Ropy milk 
Achromobacter, 425 
Bacillus, 654, 746 
Bacterium, 604, 675 
Clostridium, 789 
Flavobacterium, 434, 442 
Micrococcus, 268, 271 
Soapy milk 
Bacillus, 660, 667, 758 
Pseudomonas, 145, 149, 150 
Tainted 
Bacillus, 660 
Aroma bacteria 
Streptococcus, 339 
Caseinate solution 
Achromobacter, 692 
Condensed milk 
Leuconostoc, 348 
Thermobacterium, 364 
Evaporated milk 
Bacillus, 713, 738 
Pseudomonas, 103 
Fermented milk 
Dadhi 

Streplolhrix, 364 
General 
Sardna, 292 
Gioddu 
Bacillus, 362 


Lactobacillus, 351, 357, 359 
Streptococcus, 338 
Kumys 
Bacillus, 362 
Leben 

Streptohacillus, 364 
Matzoon 

Flavobacterium, 441 
Sardna, 252 
Mazun 
Badllus, 748 
Bacterium, 362 
Piima 

Streptococcus, 342 
Taette 

Lactobacillus, 695 
Slreptococc^lS, 702 
Taette, false 
Bacterium, 675 
Yoghurt 

Lactobadllus, 355, 362, 364 
General 

Badllus, 732, 733 
Micrococcus, 237, 239 , 240, 241 
Mycobacterium, 889 
Propionibacterium, 373, 374, 
376, 377, 378, 379 
Pseudomonas, 100 
Ice cream 
Badllus, 612, 670 
Malted milk 
Badllus, 756 
Milk powder 
Badllus, 733, 755, 756 
Milk powder (spray process) 
Streptococcus, 328 
Sour milk 
Badllus, 756 

LMlobadllus, 352,362,364 
Starters 

Leuconostoc, 347, 348 
Streptococcus, 325 
Whey 

Badllus, 755, 756 
Bacterium, 687 

Dairy Utensils 

Alcaligenes, 414 
BmHIus, 7ffi, 733 
Micrdtaeierium, 370,371 
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Dairy Utensils {continued) 

Micrococcus, 238, 230, 240, 241 
Pseudomonas, 100 
Creamery equipment 
Pseudomonas, 99 
Farm utensils 
Sarcina, 294 
Filter cloth 
Bacillus, 735 
Milk can 
Serratia, 481 
Milking machine 
Sarcina, 294 

Dairy Wastes 

Achromobacter, 628 
Flavobacterium, 433 
Pseudomonas, 177 , 178 

Decomposing Materials 
Agar-digesting bacteria, see Agar Di¬ 
gesting Bacteria 

Cellulose-digesting bacteria, see Cell¬ 
ulose Digesting Bacteria 
Cellulose fibers 
Sorangium, 1024 
Chitin-digesting bacteria, 632 

Composts 
Cellulomonas, 618 
Micromonospora, 980 
Streptomyces, 957 
Thiobadllus, 79, 81 
Crab shells 
Bacterium, 632, 633 
Farinaceous materials 
Clostridium, 824 
General 

Bacillus, 711, 715, 730, 733, 734, 
735, 741, 743 

Bacterium, 682 
Myxococcus, 1042 
Spirillum, 701 
Grass 

Actinomyces, 973 
Leaves 
Bacillus, 756 
Myxococcus, 1042 
Lichens 

Archangium, 1018, 1019 

Myxococcus, 1042 
Litmus solution 
Badllus, 743, 751 


Marine vegetation 
Cyiophaga, 1014, 1015 
Organic Matter 
Chondrococcus, 1046 
Cytophaga, 1014 
Polyangiu7n, 1028, 1029, 1030 
Soratigium, 1023 
Vibrio, 201, 203 
Paper 

Myxococcus, 1042 
Plant residues 
Bacterium, 824, 825 
Clostridium, 825 
Cytophaga, 1013 
Starchy materials 
Bacillus, 722 
Sugar refinery waste 
Lampropedia, 844 
Vegetable 
Bacillus, 721 
Spirillum, 214 
Vegetation 
Bacillus, 815, 819 
Tkiolhrix, 989 
Wood 

Chondromyces, 1037, 103!) 
Clostridium, 825 
Myxococcus, 1042 
Synangium, 1033 
Watermelon 
Bacillus, 748, 751 
Water plants 
Lampropedia, 844 

Dogs 

Bile 

Bacteroides, 566 
Blood 

Leptospira, 1078 
Spirochaeta, 1066 
Streptococcus, 343 
Conjunctiva 
Corynebacterium, 406 
Erythrocytes 

llaemobartonella, 1104 
Fatal illness 
Rickettsia, 1096 
Feces 

Bacillus, 818 
Salmonella, 51^1, 529, 530 
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Dogs {continued) 

Genital organs 
Salmonella, 514, 529, 530 
Intestine 
Bacterium, 680 
Salmonella, 514, 529, 530 
Spirochaeta, 1068 
Liver 

Acufonnis, 812 
Nasal mucosa 
Zuberella, 578 
Nasal mucus 
Bacillus, 740 
Not pathogenic for 
Mycobacterium, 880 
\ncardia, 806 
Preputial secretions 
Hemophilus, 588 

Red blood cells, see Erythrocytes 
Skin 

Corynethrix, 406 
Stomach 

Bacillus, 651, 671 
.Vn7/«m,2I7,218 
Spirochaeta, 1060 
Throat 

Streptococcus, 345 
Urine 

Bacillus, 740 

Dogs, Diseases of 
Abortion 

Brucella, 562 
Abscess 

Micrococcus, 273 
Actinomycosis 
Actinomxjces, 927 
Bronchitis 
Nocardia, 919 
Cancerous ulcers 
Spirochaeta, 1074 
Catarrh 

Pseudomonas, 146 
Cerebromeningitis 
Nocardia, 919 
Distemper 
Brucella, 563 
Endometritis 
Bacterium, 677 
Glanders 
Malleomyces, 555 


Haemobartonellosis 
Haemobartonella, 1102 
Hemorrhagic septicemia 
Pasteurella, 549, 550, 553 
Hunian tuberculosis 
Mycobacterium, 878 
Leukemia 
Bacterium, 680 
Streptococcus, 337 
I/ymphadenitis 
Nocardia, 919 
Measles 

Streptococcus, 341 
Peritonitis 
Actinomyces, 915 
Phlegmon 
Actinomyces, 915 
Plague 

Spirochaeta, 1068 
Pleuropneumonia-like disease 
Asterococcus, 1292 
Pneumonia 
Brucella, 563 

Purulent infectious, urinary tract 
Corynebacterixm, 389 
Pyorrhoea 
heptothrix, 366 
Rabies, vaccine contaminant 
Flavobacterium, 437 
Rabies-like disease 
Bacillus, 663 
Ringworm 
Actinomyces, 916 
Uremia 

Leptospira, 1078 
Dung, see Manure (Dung) 

Dust, also see Air. 

Achromc^acier, 424, 425,427 
Actinomyces, 968, 970 
Bacillus, 712, 717, 723, 725, 7^. 

730, 731, 732, 733, 734, 735, 736, Hh 

738, 739 

Bacterium, 605, 682 
Chrom(^acUrium, 233 
Clostridium, 786, 817,820 
Diplococcus, 309 

Micrococcus, 237, 239, 240, ^ 

253, 255, 256. 257, 258, 259, 2^, 

264, 265, 269, 273, 275, 276, 277, 

279, 280, 281 


SMS 
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Dust (continued) 

Miyagawanellay 1117 
Mycc^acteriuniy 889, 890 
Sarcina, 286, 290, 292, 293 
Serratitty 484 
Streptococcusy 316, 340 
Streptomyces, 935, 936, 949 

Dusts 

Stable 

Micrococcus, 265 
Street 

Clostridium, 786, 820 

Eggs, see Foods and Foodstuffs 
Evaporated milk, see Dairy Products 

Feces, Animal, see Manure (Dung) 
Feces, Hiunan 

Also see Human Sources, Intestine 
Aerobacier, 456, 457 
Alcaligenes, 413, 416 
Bacillus, 612, 647, 651, 652, 654, 656, 
661, 662, 665, 666, 668, 721, 736, 737, 
738, 744, 746 , 748, 749, 753, 755, 756, 
813, 817, 818, 825, 826 
Bacterium, 601, 607, 673, 675, 681, 683, 
687, 759, 760, 761, 762 
BacUroides, 567,568,569,570,571,572, 
673, 574, 575 
Bifidobacterium, 369 
Catenabacterium, 368 
Clostridium, 773, 774, 782, 785, 787, 
788, 791, 793, 794, 796, 797, 799, 800, 
801, 802, 809, 810, 811, 812, 820, 821, 
822, 824, 826 

Corynebacterium, 401 

Bberthella, 633, 534 
Escherichia, 447, 450, 451, 452, 453 
Eubacterium, 368 
Granvlobacillus, 826 
Eurihia, 613 

Eactobacillus, 353, 354, 357, 359, 362 
Mx^chacterium, 370 
Micrococcus, 252, 253, 257, 259 , 260 , 
265, 266, 270, 272, 274, 275, 276, 277, 
278, 279, 280, 281, 695 

Mxcrospira, 202 

BroUus, 488, 490, 491 
Bseudomonas, 90,148 
Bamibaeterium 369 


Salmonella, 502, 504, 505, 506, 510, 511, 
512, 513, 514, 515, 517, 518, 519, 520, 
522, 524, 525 , 526, 527, 528, 529, 530, 
531 

Shigella, 537, 538, 539 , 540, 542, 543, 
544 

Spirochaeta, 1067, 1069, 1070 
Staphylococcus, 282 

Streptococcus, 322, 323, 326, 327, 330, 
333, 335, 339, 341, 343 
Vibrio, 204, 205 

Feces, Infant 
Micrococcus, 257 
Neisseria, 301 
Pseudomonas, 198 
Staphylococcus, 281 

Fermenting and Fermented Materials 
Agave americana, sap 
Pseudomonas, 106 
Alcohol infusions 
Bacterium, 675 
Ale, bottled 
Acetobacter, 692 
Beer, see Beer 
Beet juice 
Acetobacter, 189 
Beets 

Bacillus, 656, 664, 752, 757 
Bacterium, 675, 678, 686, 761 
Lactobacillus, 357 
Beverages 

Acetobacter, 181, 182 
Bread dough 
Bacillus, 657, 664, 742 
Bacterium, 683 

Lactobacillus, 357, 359, 361, 363 
Cabbage, sec Sauerkraut 
Cereal mash 
Lactobacillus, 363 
Ck)rn nmsh 
Clostridium, 781, 825 
Lactobacillus, 357 
Dates 

Acetobacter, 184 
Dough 
Bacillus, 742 
Bacterium, 683 
Ensilage, see Silage. 

Fermented milk drinks, see Dairy 
Products, Fermented milk 
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Fermenting and Fermented Materials 

{continued) 

Figs 

Acelohacter, 184 

Flax retting, see Retting, Flax 
Fodder 

BacilluSj 750, 755 
Fruits 

Acetobacler, 181, 182, 183, 184 
Ginger beer 
Bacterium, 362 
Grain mash 
Acetobacter, 182 
. Bacillus, 824 
(?ranu/o6ac/er, 822, 824 
Lactobacillus, 356, 357, 359, 363 
Hay 

Bacillus, 740 

Hemp retting, see Retting, Hemp 
Hydrogen peroxide solutions 
Acetobacter, 189 
Infusions 
Bacillus, 672 

Kenaf {hibiscus) retting see Retting, 
Kenaf 

Kombucha from tea infusions 
Acetobacter, 189 
Malt 

Bacterium, 677,678,679,688,760,761 
Malt beverages 
Acetobacter, 182 
Malt infusion 
Micrococcus, 263 
Malt mash 
Sarcina, 287 
Mash, dried persimmon 
Acetobacter, 184 
Mash, spoiled 
Pediococcus, 249 
Mash, vegetable 
Lactobacillus, 356, 357, 359, 361 
Methane fermentation in swamps 
Sarcina, 287 

Milk, Fermented see Dairy Products, 
Fermented Milk 
Molasses 
Clostridium, 781 
Lactobacillus, 359, 363 
Pickles 
Bacillus, 648 


—, cauliflower 
Lactobacillus, 357 
—, cucumber 
Lactobacillus, 357 
—, tomato 

Lactobacillus, 357, 359 
Plant juices 
Pseudomonas, 106 
Plant materials 
Clostridium, 772 
Lactobacillus, 347 
Streptococcus, 325, 326, 327, 340 
Potato mash 
Amylobacter, 813 
aosfndf«m,781,808,819 
Lactobacillus, 356,357,361 
Pulque 

Pseudomonas, 1C6 
Streptococcus, 338 
Sake 

Lactobacillus, 363 
Sauerkraut 
Bacillus, 657 , 750 
Bacterium, 675 
Lactobacillus, 357, 359 
Pseudomonas, 146 
Silage 

Bacterium, 602 
Clostridium, 785 
Lactobacillus, 359 
Propionibacterium, 376 
Streptococcus, 336 
Slimy fermentation 
Bacillus, 749 
Soybean cake 
Bacillits, Ibl 
Tobacco 

Bacterium, 674, 682, 685 
Urea 

Staphylococcus, 282 
Urine 

Micrococcus, 238, 250, 260, 266, 267, 
269,279, 280 
Sarcina, 289, 293 
Staphylococcus, 282 
Vegetables 
Acetobacter, 181, 182 
Lactobacillus, 347, 356, 357, 359, 361 
Vinegar 

Acetobacter, 181, 182, 183, 186, 187, 
188 
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Fermented Materials {continued) 
Vinegar {continued) 

BacilluSy 756 
Bacterium, 682 
—, quick process 
Acelobacter, 187, 188 
—, wine 

Acetobacter, 187, 188 
Wine, see Wine 
Yeast, see Yeast 

Fishes 

African Mudfish, blood 
iSpiroc/iacfa, 1067 
Anchovy pickle 
Pediococcus, 250 
Anchovy, sailed 
yt6rto. 204 
Blenny, intestine 
TTeponema, 1045 
Brochet 

Bartonella, 1108 
Bullhead, Marine 
Treponema, 1074 
Carp, pathogenic for 
Bacterium, 642 
Proteus, 491 
Pseudomonas, 102,149 
Mycobacterium, 883, 884 
Catfish 
Serratia, 462 
Codfish 
—, feces 

Achromobacter, 420, 423, 426, 427 
Flavobacleriun, 434 
—, intestine 
Achromobacter, 425 
Shigella, 544 
—, red salted 
Micrococcus, 259 
Pseudomonas, 110 
iSarctna, 289 
—, slime 

Achromobacler, 420, 423, 426, 427 
Flavobacterium, 434, 436 
Croaker 

Mycobacterium, 884 
Dogfish 

Flavobacterium, 436 
—, slime and feces 
Achromobacter, 420 


Eels 

Bacterium, 673 
Mycnbacterium, 883 
Vibrio, 208 
General 
Bacillus, 753 

Pseudommias, 102, 109, 149 
—, blood 
Rickettsia, 1097 
Spircchaela, 1068 
—, intestine 

Chitin-digesting bacteria. 632 
—, rectum 

Treponema, 1070 
—, skin 

Bacterium, 006, 612 
Micrococcus, 246 
Haddock 
Spirochaela, 1065 
—, slime 

Flavobacterium, 433, 440, 441 
Hake 

Flavobacterium, 439 
Halibut 

Pseudomonas, 145 
—, skin 

Flavobacterium, A2^, 434, 437 
Herring, salted 
Sarcina, 292 
Kilifish 

Pseudomonas, 109 
lAniprey eel 
Barlmeila, 1108 
Marine fishes 
Mycobaclerium, 883 
Pseudomonas, 147 
Spirochaela, 1067 
Treponema, 1075 
Perch, erythrocytes 
Grahamella, 1110 
Pollack 

Spirochaela 1069 
Salmon, Blue-black 
Chondrococcus, 1047 

Salmon eggs 

Achromobacter, 425, 692 

-, diseased 

Pseudomonas, 700 
Salted fishes 

Micrococcus, 259, 266, 268, 292 
Pseudomonas, 110 
jSarcina, 289 
Vibrio, 204 
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Fishes {cbhlinued) 

Sard! lies, salted 
Vibrio, 204 
—, stomach 
Eubaclerium, 367 
Sea bass 

Mycobacterium, 884 
Sergeant major 
Mycobacterium, 884 
Shark, blood 
Borrelia, 1064 
Skate, slime and feces 
Flavobacferium, 434, 439 
Tench 

Bartonella, 1108 
Trout 

Bacterium, 686 
Whiting 

Microspironema, 1064 

Fishes, Diseases of 
Carp 

—, tumors 

Mycobacterium, 883, 884 
—, red spots 
Bacterium, 642 
Eels, diseased 
Bacterium, 673 
Mycobacterium, 883 
V’'2‘6rio, 203 
General 

—, epidemic infection of fishes 
Bacillus, 751 
yi6rio, 197 
—, fresh water fishes 
Hemorrhagic septicemia 
Pseudomonas, 102, 103 
—, skin lesions 
Pseudomonas, 102 
—, necrotic ulcers 
Rickettsia, 1097 
—, necrosis of the liver 
Chondrococcus, 1047 
Mycobacterium, 884 
Kilifish, skin lesions 
Pseudomonas, 109 
Marine fishes 
Pseudomonas, 149 

-, infected skin and muscle 

Pseudomonas, 109 
-, tuberculosis 


Mycobacterium, 884 
Trout, furunculosis 
Bacterium, 686 
Salmon eggs 
Achromobactet, 692 
Pseudomonas, 700 

Fishes, Scientific Names 
Abudefduf mauritii, 884 
Acropoma japonicum, 636 
Ameiuras melas, 462 
Blennius pavo, 1075 
Box boops, 1073 
Centroprisles strialus, 884 
Clarias angolensis, 1067 
Coelorkynchus sp., 636 
Cottus buhalis, 1074 
Cyprinus carpio, 491, 642, 884 
Cyprinus sp., 102, 149 
Esox lucius, 1108 
Fundulus pariripinnes, 109 
Gadus callarias, 420, 423, 425, 426, 
427, 434, 436, 544 
Gadus minutus, 1067 
Gadus pollachius, 1069 
Hippoglossus kippoglossus, 429, 434, 
436, 437 

Lepadogasier bimaculatus, 1075 
Melanogrammus aeglefinus, 438, 440, 
441 

Merlangus merlangus, 1064 
Micropogon undxdatus, 884 
Oncorrhynckus nerka 1047 
Pelamys sarda, 1068 
Perea jiuviatilis, 1110 
Petromyzon marinus, 1108 
Physiculus japonicus, 636 
Raja crinacea, 434, 439 
Saccobranchus fossilis, 753 
Sgualus acantkias, 420, 427, 436 
Tetraodon fahaka, 1097 
Tinea tinea, 1108 
Trachurus japonicus, 694 
Trigla lucena, 1076 
Urophycis tenuis, 439 

Fomites 

Hairbrush 

Micrococcus, 253, 275 
Hospital shirt 
Serralia, 484 
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Foods and Foodstuffs 
Anchovies, pickled 
il/tcrococc«5, 250 
Asparagus, boiled 
Bacillus, 742, 748 
Bacterium, 759 
Bacon, tainted 
Vibrio, 702 

Beans, salted, purple discoloration 
Pseudomonas, 109 
Beef extract 
Bacillus, 734 
Beet juice, sugar 
Leuconostoc, 348 
Blood sausage 
Clostridium, 788 
Blutwurst 
Clostridium, 788 
Bread 

Bacillus, 661 
Bacterium, 680, 759 
—, rye 

Bacillus, 711, 750 
slimy 

Bacillus, 711, 758 
Bacteriujn, 760 
Butter, see Butter 
Candy 

Bacillus, 756 
Canned beans 
Bacillus, 750 
—, beets, blackened 
Bacillus, 739 
—, blueberries 
Bacillus, 735 
—, carrots 
Bacillus, 742 
corn, spoiled 
Bacillus, 734, 756 
—, corn, sulfur stinker spoilage 
Clostridium, 803 
—, evaporated milk 
Bacillus, 713, 738 
Pseudomonas, 103 
—, foods 

Bacillus, 713, 730, 731, 734, 756 
Clostridium, 779, 797 
—»goods, spoiled 
Bacillus, 730, 731, 734 
goods, spoiled, non-acid 
Clostridium, 785, 803 


—, nmcaroni, spoiled 
Bacillus, 317 
—, peas 

Bacillus, 737, 756 
—, pumpkin 
Bacterium, 609 
—, pumpkin, swells 
Bacillus, 730, 731 
—, salmon, spoiled 
Bacillus, 817 
—, sardines 
Serratia, 483 
—, spinach 
Bacillus, 825 
—, string beans, spoiled 
Bacillus, 734, 748 
—, tonmtoes 
Bacillus, 756 
—, vegetables, flat sours 
Bacillus, 734 
Catsup 

Lactobacillus, 359 
Cheese, see Cheese 
Codfish, reddened salt 
Bacillus, 667, 742 
Flavobacterium, 442 
Pseudomonas, 110 
Corn meal 
Bacterium, 679 
Crab meat, musty odor 
Achromobacter, 425 
Cream, see Milk and Cream 
Dairy Products, sec Dairy Products 
Dates, commercially packed 
Bacillus, 756 
Eggs, black rot 
Proteus, 490 
—, cooked 

Bacterium, 761 
—, duck 
Salmonella, 517 
—, hen's 

Bacillus, 653, 654 , 657, 659 , 663, 
672, 747, 750 

Pseudomonas, 147, 148, 149, 150, 
179 

—, musty 

Achromobacter, 425 
Psetidomonas, 148, 179 
—, powdered 
Salmonella, 510, 512, 513 
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Foods and>oodstu£fs (continued) 
Fish conserves 
Clostridiurn, 821 
—, fierriiig, rusty 
Pseudomonas^ 110 
—, salted 
Bacillus, 65S 
Ristella, 576 
—, semi-dried 
Flavobacleriumf 694 
Food conserves 
Bacillus, 741 
Gelatin, spoiled 
Bacillus, 756 
General 

Serratia, 481,482 
Grapes, Spanish dried 
Bacterium, 624 
Ham, salted 
Eubaclerium, 367 
—,sour 

Clostridium, 784 
Horseradish, ground 
Bacillus, 757 
Margarine 
Bacillus, 602, 667 
Bacterium, 681, 685, 689 
Meat 

Bacterium, 078 
il/icrococci4S, 258, 272, 281 
Streptococcus, 338 
—, extract 

Bacillus, 648, 651,740,745,746,749 
Bacterium, 678, 760 
Micrococcus, 255, 267 
Streptococcus, 339 
—, pies 
Salmonella, 531 
—, spoiled 
Bacillus, 749 

Milk, see Milk and Cream 
Mincemeat, canned 
Bacillus, 757 
Oranges 

Butylobacler, 825 
Oysters 
Injlabilis, 823 
Pickles 

Bacillus, m,75i . 

Salmonella, 519 


Plum preserves 
Bacillus, 753 
Pork 

Clostridium, 802 
Potato, cooked 

Bacillus,m,7A\,7AS 

Rice, cooked in chicken broth 
Serratia, 484 
Salad dressing 
Lactobacillus, 363 
Sausage 

Bacillus, 749, 751, 752, 816 
Clostridiujn, 778, 779 
Salmonella, 530 
Sugar, also see Sugar 
Bacillus, 742, 745, 747 
Leuconostoc, 347, 348 
Micrococcus, 260 
Spirillum, 217 
—, beet 
Bacillus, 747 

—, factories, frog spawn fungus 
Leuconostoc, 347, 348 
Spirillum, 217 
Tomato juice 
Bacillus, 713 

Tomato products, spoiled 
Lactobacillus, 357, 359 
Truffles, cooked 
Bacillus, 757 
Wiener skins 
Telracoccus, 284 
Wurst 

Micrococcus, 258, 272, 281 

Goats 

Cerebrospinal duid 
Streptococcus, 338 
Corneal or conjunctival discharges 
Colesiota, 1120 
General 

Scdmonella, 506 

Goats, Diseases of 
Abortion 
Brucella, 561 
Agalactia 
Anulomyces, 1292 
Glanders 
Matleomyces, 555 
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GoafSt Diseases of {coniinuedi 
Heartwater 
Cowdria, 1094 
Hemorrhagic septicemia 
Pasteurellaj 549 
Keratitis 
Cotesiotaf 1119 
Lesions 
Nocardia, 900 
Ophthalmia, infectious 
ColesiolGt 1120 
Pleuropneumonia, bovine 
AsterococctiSf 1292 
Tuberculosis, bovine 
Mycobacteriujn, 879 

Guinea Pigs 
Blood 

Rickettsia, 1086, 1088, 1089 
Spirockaeta, 1066, 1070 
Spiroschaadinnia, 1071 
Spironema, 1070 
Cadaver 
Bacillm, 815 
Caecum 

Melabacterium, 762 
Treponema, 1075 
Erythrocytes 

HaemcAartonella, 1104, 1108 
Erythrocytes, Peruvian guinea pigs 
Haemobarionella, 1106 
Inoculated with soil 
Bacillus, 660, 817, 825, 826 
Hiblerillua, 822 
Intestine 

Cristispinlla, 1057 
Heliconema, 1064 
Oscillospira, 1004 
Sarcina, 287 

Intestine and genital organs 
Salmonella, 506, 527 
Liver 

Spirockaeta, 1065 
Lymph glands 
Bacillus, 659 
Monocytes 
Ehrlichia, 1095 
Mucus, intestinal 
Bacillus, 651 
Nasal mucosa 
Zvberelta, 578 
)nna1 animals 
VeiUonella, 304 


Not pathogenic for Johne’s disease 
Mycohacterium, 881 
Red blood cells, see Erythrocytes 
Tuberculosis, avian 
Mycobaeferium, 880 
Tuberculosis, piscine 
Mycobacterium, 883, 884 
Tuberculosis, snake 
Mycobacterium, 885, 886 
Tuberculosis, turtle 
Mycobacterium, 886 
Stomach 

Klebsiella. 459 
Tunica vaginalis 
Rickettsia, 1086, 1089 

Guinea Pigs, Diseases of 
Anthrax 

Bad It us, 720 
Brucellosis 

Brucella, 561,562, 503 
Cervical adenitis 
Bacteroides, 575 
Epir.ootic 

Bacterium, 681 
Glanders 

Malleomyces, 555, 556 
Hemorrhagic septicemia 
Pasteurella, 549, 550, 551, 553, 554 
Infections 
GaSfkya, 284 
Kocardia, 913 
Listcrosis 
Listeria, 409 
Lympliadenitis 
Streptococcus, 317 
Maculatum disease 
Rickettsia, 1098 
Melioidosis 
Malleomyces, 556 
Septicemia 

Pseudomonas, 146 
Skin abscesses 
Neisseria, 301 
Tuberculosis, bovine 
Mycobacterium, 878 
Tuberculosis, human 
Mycobacterium, 878,879 
Tuberculosis-like disease 
Pasteurella, 553 
Tuberculosis, pulmonary 

Bacillus, 651 
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Hail 

Bacillus, 744 
Micrococcus, 269, 279 

Hogs 

General 

Salmonella, 502, 504, 505, 507, 509, 
510, 513, 514, 519, 521, 522, 525, 526, 
527, 530 
Genital organs 
Brucella, 562 
Intestine 
Bacillus, 753 
Lymph glands 

Salmonella, 505, 510, 513, 514, 518, 
524, 528, 529 
Liver, necrotic foci 


Sphaerophorus, 579 
Ovary 

Bacillus, 757 
Peritoneal fluid 
Bacillus, 666 

Hogs, Diseases of 
Abortion 
Brucella, 561, 562 
Abscesses 

Corynehacierium, 388 
Vibrio, 206 
Actinomycosis 
Actinomyces, 926 
Anthrax 
Bacillus, 720 
Blood in hog cholera 
Borrelia, 1063 
Bronchopneumonia 

Bacillus, 657 

Calcareous deposits in muscles 
Actinomyces, 972 
Caseous suppuration 
Corynebacterium, 406 
Conjunctivitis 

Rickettsia, 1120 
Cutaneous lesions 
Spirochaeta, 1069 
Diarrhoea 
Bacillus, 826 
Erysipelas 
Erysipelothrix, 411 
Heartwaterdike disease 
Rickettsia, 1097 


Hemorrhagic septicemia 
Pasteurella, 548, 549 
Hog cholera 
Borrelia, 1063 
Salmonella, 509, 531 
Infections 

Corynebacterium, 391 
Influenza 
Hemophilus, 586 
Listeriosis 
Listeria, 409 
Marseille’s disease 
Bacilltis, 662 
Measles 

Streptococcus, 341 
Pyorrhoea 
Leptothrix, 366 
Septicemia 
Streptococcus, 317 
Swine erysipelas 
Bacillus, 652 
Erysipelothrix, 411 
Swine fever 
Salmonella, 509 
Swine plague (Hog cholera) 
Micrococcus, 278 
Tuberculosis, avian 
Mycobacterium, 880, 881 
Tuberculosis, bovine 
Mycobacterium, 879 
Ulcers, intestinal 
Borrelia, 1063 
Horses 
Blood 

Nocardia, 897 
Spirochaeta, 1066 
Female genital tract 
Klebsiella, 459 
Streptococcus, 340 
Foetus 

Streptococcus, 317 
General 
Rickettsia, 1097 
Salmonella, 518, 529 
Intestine 
B(Killus, 694 
Bifidobacterium, 369 
Streptococcus, 323, 327 
Zuberella, 577 
Hock-joint (foals) 

Nocardia, 910 
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Horses (coniinued) 

Large intestine 

Bacillus, 612, 747, 749, 755, 813, 814, 
815,817,818,826,827 
CloHridium, 783, 799 
Eubacterium, 368 
Gaffkya, 284 
Hiblerillus, 822 
Inflabilis, 823 
Micrococcus, 261 
Liver 

Malleomyces, 555 
Salmonella, 507 
Nasal passages 
Corynebacierium, 385 
Not pathogenic for Avian tuberculosis 
Mycobacterium, 880 
Pneumonia 
Corynetkrix, 407 
Respiratory tract 
Streptococcus, 318, 337 
Saliva 

Nocardia, 975 
Skin 

Corynethrix, 406 
Spleen 

Malleomyces, 555 
Throat 

Streptococcus, 345 
Urine 

Bacterium, 642 
Pediococcus, 250 
iSTarcino, 291 

Horses, Diseases of 
Abortion 

Brucella, 561, 562 
Salmonella, 506 
Streptococcus, 336 
Abscesses on jaws 
Nocardia, 920 
Acne pustules 
Bacillus, 658 
Corynebacterium, 401 
Botryomycosis 
Micrococcus, 253 
Hndometritis 
Streptococcus, 317 
Gangrenous dermatitis 
Sphaerophorus, 579 
General 

Streptococcus, 341 


Glanders 

Malleomyces, 551, 555 
Hemorrhagic septicemia 
Pasieurella, 549, 550, 551, 553 
Infections, genitourinary system 
Klebsiella, 459 
Influenza 
Streptococcus, 340 
Joint ill of foals 
Shigella, 542 

Lympliangitis, ulcerative 
Corynebacterium, 389 
Nasal secretion in glanders 
Bacterium, 683 
Pneumonia 
Bacterium, 684 
Streptococcus, 339 
—, infectious of foals 
Corynebacterium, 391 
Purulent infections, urinary tract 
Corynebacterium, 389 
Pus, respiratory tract 
Streptococcus, 318 
Ringworm 

Actinomyces, 916 
Stomatitis 

Treponema, 1074 
Strangles 
Streptococcus, 318 
Ulcerative lesions 
Corynebacterium, 389 
Wounds 

Corynebacterium, 385 

Human Diseases 
Abscesses 
Alcaligenes, 413 
Micrococcus, 242, 244 
Proteus, 488, 490 
Pseudomonas, 89 
Salmonella, 507 
Streptococcus, 333 
Veillonella, 303 
—, abdominal 
Bacillus, 815 
—, alveolar 
Bacterium, 678 
—, brain 

Bacillus, 656, 666, 815 
Capsularis, 677 
Nocardia, 897 
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Human Diseases (continued) 
Abscesses* cervical 
Actinomyces, 916 
—, chest 
Nocardia, 920 
—, dental 
Aerohacter, 456 
Bacillus, 650 
—, ear 

Corynehaclerium, 402, 403 

—, facial 
Bacterium, 607 
—, foot 

Actinomyces, 973 
—, iliac 
Oospora, 922 
inguinal 
Nocardia, 976 
—, intestinal 
Bacillus, 816 
— jaw 

Actinomyces, 917 
Nocardia, 921 
Proaclinomyces, 923 
Slreplolhrix, 924 
—, kidney 
Clostridium, 825 
—, liver 

Bacillus, 400, 660, 666 
Bacterium, 677 
Bacteroides, 567 
Cohnistreptolhrix, 975 
Proteus, 490 
Sphaerophorus, 579 
Vibrio, 205 
— lung 

Bacillus, 667 
Risiella, 575 
Sphaerophorus, 579 
—, mouth 

Corynehaclerium, 402 
—, multiple 
Nocardia, 921 
oeseus 

Diplococcus, 310 
—, palm 

Actinomyces, 971 
—, parotid 
Slreplomyces, 963 
—perianal 
Sphaerophorus, 580 


—, periuterine 
Veiltonetla, 303 
—, pulmonary 
Actinomyces, 917 
—, rectal 
Eberlhella, 534 
—, skin 

Streptococcus, 333 
—, subcutaneous 
Actinomyces, 916 
—, teeth 
Actinomyces. 917 
Aerohacter, 456 
Streptococcus, 320 
—, thoracic 
Clostridium, 821 
urinary tract 
Bacteroides, 566 
Clostridium, 806 
Acholuric jaundice 
Slreplomyces, 958, 962, 963, 965 
Acnc pustules 
Micrococcus, 251, 259, 272 
Corynehaclerium, 387 
Actinomycosis 
Actinomyces, 927, 971 
Cohnistreptolhrix, 928 
Discomyces, 918, 928 
Nocardia, 921, 975 
Slreplolhrix, 923 
—, bone 

Actinomyces, 917 
—, bronchial 
Actinomyces, 916 
—, lachrymal gland 
Actinomyces, 927, 970 
Nocardia, 910 
lung 

Actinomyces, 916 
Acute arthritis 
Spirochaeta, 1069,1070 
African relapsing fever 
Borrelia,- 1061 
Akiyami (Japan) 

Leptospira, 1078 
Alopecia areata 
Micrococcus, 259 

Alveolar pyorrhea, see Pyorrhea alveo- 
laris 

Anal pus pocket 
Corynebacterium, 406 
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Human Diseases {conlinued) 

Anemia 

Haemohartonella, 1104 
—, pernicious 
Salmonella^ 522 
Angina 

StreptobacilliiSf 589 
—, Ludwig’s 
Streptococcus j 329 
—, Vincent’s 
Borrelia, 1063 
Anginous exudate 
ActinomyceSf 917 
Anorectal inflammation 
Miyagawanella, 1116 
Anthrax 
Bacillus, 720 
iJficrococcu^, 263 
Proteus, 691 

Aphthous ulcers of gingival and buccal 
mucosa 

Veillonella, 304 
Appendicitis 

Bacillus, 752, 814, 817, 818, 826, 827 
Bacleroides, 566, 567 
Clostridium, 773, 776 
Corynebacterium, 403 
Diplococcus, 309, 310 
Fusobacterium, 582 
Oo5pora, 922 
Ramibacterium, 369 
Ristella, 575 

Streptococcus, 329, 330, 331, 332, 333 
Veillonella, 302, 304 
gangrenous 
Spkaerophorus, 579 
Arthritis 
Bacterium, 674 
Diplococcus, 307 
Micrococcus, 259 
Neisseria, 301 
Streptobacillus, 589 
—» acute 

Spirochaeta, 1069,1070 
Ascitic fluid, old 
5orctna, 293 
Balanitis 
Spirochaeta, 1065 
Banti’s disease 
Streptomyces, 960 
Bartonellusis 
Barlonetta, 1101 


Beriberi 

Bacillus, 649 , 738 
Micrococcus, 253 
Black water fever 
Leptospira, 1078, 1079 
Blue pus 
Pseudomonas, 89 
Boils 

il/icrococcus, 242, 268 
Botulism 
Bacillus, 814 
Clostridium, 779 
Boutonneuse fever 
Rickettsia, 1089, 1098 
Bright's disease 
Streptococcus, 338 
Bronchiectasis 
Capsularis, 577 
Streptococcus, 332 
Bronchitis 
Actinomyces, 973 
Bacillus, 590 
Cladothrix, 974 
Nocardia, 921 
Spirochaeta, 1065 
Vibrio, 206 
Zuberetla, 578 
—, chronic 
Ristella, 576 
—, fetid 
Bacillus, 613 
—, putrid 
Bacillus, 740 
Bronchopleuropneumonia 

Nocardia, 921 

Bronchopneumonia 
Bacterium, 690 
Brucellosis 
Brucella, 561, 562 
Buboes 

Pasteurella, 549, 551 
Bubonic plague 
Nocardia, 920 
Bullis fever 
Rickettsia, 1098 
Cancer of the stomach 
Bacillus, 740, 746 
Cancerous tissue 
Micrococcus, 268 
Cancerous ulcers 
Spirochaeta, 1074 
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Human Diseases {continued) 

Carate 

Treponema^ 1073 
Carcinoma, ulcerating 
SpirochaetUy 1074 
Carrion’s disease 
Bartonella, 1101 
Catarrh 

Micrococcus, 258 
Neisseria, 298 
. Staphylococcus, 282 
—, acute 

Staphylococcus, 282 
—, acute epidemic 
Corynebacterium, 401 
Central and South African relapsing 
fever 

Borrelia, 1060 

Cerebrospinal meningitis, epidemic 
Neisseria, 297, 302 
Cliancroid 
Hemophilus, 587 
Chancroidal ulcers 
Streptococcus, 341 
Chicken pox pustules 
Streptococcus, 345 
Choleocystitis 
Ristella, 577 
Cholera 

Bacillus, 659, 665, 667, 738 
Bacterium, 687 
Escherichia, 447 
Spirillum, 217 
Vibrio, 194, 204, 205, 206 
Cholera infantum 
Alcaligenes, 415 
Vibno, 198 
Cholera like disease 
Vibrio, 205, 206 
Cholera nostras 
Vibno, 198 

Chromidrosis of axilla 
Micrococcus, 256 
Chronic endometritis 
Vibrio, 198 
Climatic bubo 
Miyagawanella, 1116 
Colitis 
Shigella, 543 
Colitis, ulcerative 
Micrococcus, 696 


Columbensis fever 
Salmonella, 531 
Conjunctival catarrh 
Bacterium, 677 
Conjunctivitis 
Actinomyces, 916, 968, 969 
Bacillus, 741 
Bacterium, 759 
Hemophilus, 585 
Micrococcobacillus, 690 
Mimeae, 595 
Neisseria, 301 
Streptothrix, 924 
—, angular 
Moraxella, 591, 592 
—, granular 
Bacillus, 589 
Noguchia, 593 
—, inclusion 
, Chlamydozoon, 1115 
—, neonatal 
Chlamydozoon, 1115 
—, swimming pool 
Chlamydozoon, 1115 
Cornea, infected 
Bacterium, 679, 685 
Corneal ulcerations 
Moraxella, 591, 592 
Cracked heels 
Actinomyces, 916 
Cystitis 

Bacillus, 650, 653, 665, 666, 668, 741 
758 

Bacterium, 580, 676 
Escherichia, 447 
Micrococcus, 248 
Proteus, 490 
Shigella, 543 
Staphylococcus, 282 
Streptobacillus, 590 
Streptococcus, 339, 343, 344, 345 
—, fetid 
Clostridium, 825 
— pus 

Actinomyces, 918, 974 
Dacryocystitis 
Cohnistreptolhrix, 975 
Dengue 

Leptospira, 1078, 1079 
Dental caries 
Acid<^>acterium, 361 
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Human Diseases (coniinued) 

Dental caries (coniinued) 

Bacillus, 352, 744, 745 
Lactobacillus, 363 
Leptotrichia, 365 
Streptococcus, 320, 339, 341, 342 
Vibrio. 202 
Dermatosis 

Cohnistreptothrix, 918, 975 
Nocardia, 921 
Diabe tes 
Bacillus, 813 
Diarrhoea 

Bacillus, 659, 660, 813, 818 
Clostridium, 820 
Proteus, 488 
Rislella, 576 

Salmonella, 506, 511, 515, 519, 522, 
524, 528 

Shigella, 538, 539, 540 
Diphtheria 
Bacillus, 752 

Corynebacterium, 385, 400, 401, 407 
Micrococcus, 260 
Streptococcus, ZZl 
Dutch East Indies fever 
Leptospira, 1078 
Dysenteric enteritis, Ceylon 
Spirillum, 218 
Dysentery 
Bacterium, 683 
Eberthella, 534 
Salmonella, 531 

Shigella, 536, 537, 538, 539, 540, 542, 
643,644 
Vibrio, 204 
“ Egyptian 
Bacillus, 400 
Eczema 

Bacillus, 651, 654, 656 
Bactenum, 674, 683, 686 
Micrococcus, 257, 259, 278 
seborrhoic 
Pseudomonas, 148 
Elephantiasis 
Bacillus, 659 
Emphysema 
Bacillus, 826 
Emphysematous liver 
Clostridium, 821 


Empyema 
Diplococcus, 307 
Leptothrix, 366 
—, purulent 
Capsularis, 577 
Endemic typhus 
Rickettsia, 1086 
Endocarditis 
Actino7nyces, 917 
Bacillus, 664 
Cillobacterium, 369 
Corynebacterium, 401, 405 
Diplococcus, 307 
Hemophilus, 589 
Staphylococcus, 282 
iSircpfococc 1^,321,326,327,339,343,344 
Vibrio, 206 
—, septic 
Bacteriurn, 590 
—, ulcerative 
MicrococcjiS, 274 
Staphylococcus, 282 
Enteric fever 

Salmonella, 501, 502, 503, 505, 507, 
509, 511, 513, 514, 517, 518, 519, 
523, 524, 525, 526, 527, 528, 529 
Enteritis 
Nocardia, 920 
Sarcina, 292 
Streptococcus, 339, 341 
Eruptive fever 
Rickettsia, 1089 
Erysipelas 

Streptococcus, 315, 318, 344 
Erysipelas, gangrenous 
Rislella, 575 
Erysipeloid 
Erysipelothrix, 411 
Erythema intertrigo 
Micrococcus, 264 
Erythema multiforme 
Streptobacillus, 589 
Erythema nodosum 
Bacillus, 742 
Erythema of the skin 
Micrococcus, 263 
Erythrasma 
Discomyces, 919 
Nocardia, 921 
Esthiomena 
Miyagawanella, 1116 
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Human Diseases (conlinued) 

European relapsing fever 
Borretia, lOCO 
European typhus 
Rickeltsia, 1085 
Exanthematous typhus 
Rickettsia, 1085 
Spirochaela, 1067 
Febrile illness 
Rickettsia, 1098 
Felons with red pus 
Serratia, 484 
Fever, see 
Blackwater fever 
Boutonneuse fever 
Bullis fever 
Columbensis fever 
Endemic typhus 
Enteric fever 
Eruptive fever 
European typhus 
Dutch East Indies fever 
Five day fever 
Kenya typhus 
Malta fever 
Marseilles fever 
Mediterranean fever 
Mexican typhus 
Mianeh fever (Persia) 

Murine typhus 

Oroya fever 

Paratyphoid 

Parenteric fever 

Parrot fever 

Postnatal fever 

Pretibial fever 

Puerperal fever 

Q (Queensland) fever 

Rat bite fever 

Recurrent fever 

Rocky Mountain spotted fever 

Sao Paulo exanthemic fever, Brazil 

Scarlet fever 

Scrub typhus 

Seven day fever, Japan 

Shin bone fever 

South African tick bite fever 

South American relapsing fever 

Spanish relapsing fever 

Spotted fever, Minas Geraes 

Swamp fever, Europe 

Tobia fever, Colombia 


Trench fever 
Typhoid fever 
Typhus fever 
Western relapsing fever 
Wnlhynian fever 
Yellow fever 
Five-day fever 
Rickettsia, 1095 
Food poisoning 
Bacillus, 665, 669, 670, 672 

503, 504 , 510 , 511, 513, 
514, 517, 519, 521, 523, 528, 529, 
530, 531 
Furuncles 
Micrococctis, 242 
Gangrene 
Bacillus, 814 
Clostridium, 819 
—, buccomaxillary 
Leptospira, 1078 

Gangrene, gas, see Gas gangrene 
— lung 

Bacterium, 680 
Calenabaclerium, 365 
Streptococcus, 329,330,331,332, 343 
—, mouth 
Streptococcus, 342 
—, pulmonary 
Bacillus, 827 
Bacteroides, 566, 567 
Veillonella, 303, 304 
—, putrefactive 
Streptococcus, 329 
—, senile 
Bacillus, 757 
Gangrenous foot 
Ascococcus, 250 
Gangrenous lung exudate 
Bacillus, 613 

Gangrenous phlegmon, mouth 
Spirochaela, 1070 
Gangrenous pulp, tooth 
Bacillus, 666, 745 
Gangrenous wounds 

Bacillus, 815,825,826,827 
Clostridium, 792, 812, 825 
Martellillus, 823 
Reglillus, 823 
Robertsonillus, 823 
Gas gangrene 

Bacillus, 753. 813,816,817, 824, 825 
826 
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Human Diseases (continued) 

Gas gangrene (continued) 

Clostridium, 773, 778, 782, 783, 784, 
788, 791, 794. 796,821 
Martellillus , 823 
Streptococcus, 330 
Gaseous edema 
Clostridium, 825 
Gaseous phlegmons 
Bacillus, 826 
Gastric derangement 
Bacillus, 738, 814 
Gastroenteritis 
Bacillus, 751 
Paracolobactrum, 460 
Proteus, 488, 490 

Salmonella, 504 , 505, 506, 507, 509, 
511, 512, 513, 514, 515, 517, 518, 
519, 521, 522, 523, 524, 525, 528, 
529, 532, 701 
Genesiosalles 
Nocardia, 920 
Gikayami (Japan) 

Leptospira, 1077 
Gingivitis 
Fusobacterium, 583 
Glanders 
Malleomyces, 555 
Glanders like disease 
Malleomyces, 556 
Glossitis 
Micrococcus, 696 
Gonorrhoea 
Neisseria, 296 
Micrococcus, 240, 276 
Granuloma 
Actinomyces, 917 
Granuloma inguinale 
Donovania, 559 
Klebsiella, 499 
SpxTochaeta, 1065 
Granuloma, malignant 
Corynehaclerium, 403 
Gummy lesions 
Micrococcus, 268 
Harvest sickness, Japan 
Leptospira, 1078 
Hemorrhagic infection 
Bo^lerium, 553 
Hemorrhagic nephritis 
Bacterium, 553 


Hemorrhagic septicemia 
Bacterium, 677 
Paslcurella, 549 

Hodgkin’s disease, lymph glands 
Conjnebacterium, 402, 403, 404 
III inois virus 
Mii/agauanella, 1119 
Indian relapsing fever 
Borrelia, 1062 
Infant diarrhoea 
Streptococcus, 339 
Infantilism 
Bacillus, 746 
Infections 
Actinomyces, 973 
Conjnebacterium, 694 
Neisseria, 296 

Nocardia, 899, 901, 907, 912 
Proteus, 491 
Salmonella, 531 
Sphaerophorus, 579 
Streptococcus, 316, 321, 340, 342, 343, 
344, 345 

(S//ep/omj/cc.‘!,961,902,963,964,905,967 
—, arms, legs and chest 
Actinomyces, 917 
—, bladder 

Actinomyces, 918 
—, genitourinary tract 
Escherichia, 447, 452 
—, leg 

Bacterium, 401 
—, outer car 
Nocardia, 919 
—, perineal 
Clostridium, 825 
—, puerperal 
Actinomyces, 580 
Bactcroides, 667 
—, pulmonary 
Actinomyces, 916 
—, urinary 

Bactcroides, 507 
—, uterus 
Bacillus, 668 
Inflamed upper lip 
Micrococcus, 696 

Inflammations, genitourinary tract 
Chlamydozoon, 1115 
Inflammatory skin disease 
Ristella, 576 
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Human Diseases {continued) 

Influenza 
Dialister, 595 
Hemophilus, 585, 586 
Micrococcus, 264 , 272 , 277 
Sarcina, 294 

Streptococcus, 340, 341, 342, 344 , 345 
—, nasal washings 
Veillonella, 303 
Intestinal intoxication 
Micrococcus, 247 
Intestinal ulcer 
Bacterium, 677 
Jaundice, acholuric 
Streptomyces, 958 , 962 , 963 , 965 
Spiroschaudinnia, 1071 
—, infectious 
Leptospira, 1077 
Pseudomonas, 90 
Kenya typhus 
Rickettsia, 108!) 

Keratitis 

Actinomyces, 915,917 
Discomyces, 918 
Kolpohyperplasia cystica 
Bacillus, 826 
Lepronm 
Aciinotmjces, 916 
Leprosy 

Mycobacterium, 882, 887 
Leprosy-like lesions 
Mycobacterium, 882 
Leprous lesions 
Mycobacterium, 882 
Leukemia, lymphatic 
Bacterium, 689 
Spirochaeta, 1068 
Lichen planus 
Ristella, 576 
Lichen ruber 
Bacillus, 660 
Lingua nigra 
Oospora, 922 
Listeriosis 
Listena 409 

Liver abscesses, see Abscesses, liver 
Liver, acute yellow atrophy 
Bacillus, 659 
—, infected 
Micrococcus, 272 


Louisiana pneumonia 
Miyagawanella, 1119 
Lung diseases 
Actinomyces, 970 
Mycobacterium, 878 
Nocardia, 899 
—, exudate 
Sarcina, 290 
Lupus ' 

Bacillus, 661 

Lymphogranuloma inguinals 
Miyagawanella, 1116 
Lymphogranuloma venereum 
Miyagawanella, 1116 
Madura foot 
Nocardia, 909, 915 
Streploihrix, 924 
Malignant edema 
Bacillus, 826 
Proteus, 691 
Malignant tumor 
Spirochaeta, 1067 
Malta fever 
Brucella, 561 
Marseilles fever 
Rickettsia, 1089 
Mastitis 
Telracoccus, 284 
Mastoiditis 
Bacteroides, 566 
Diplococcus, 307 
Staphylococcus, 262 
Measles 

Diplococcus, 311 
Salmonella, 513 
Streptococcus, 341 
Veillonella, 303, 304 
Mediterranean fever 
Rickettsia, 1089 
Melioidosis 
Malleomyces, 556 
Meningitis 
Bacillus, 662 
Cillobacterium, 369 
Corynebacterium, 403 
Diplococcus, 307 
Lactobacillus, 361 
Malleomyces, 556 
Neisseria, 297, 299, 301, 302 
Salmonella, 505,522,527 
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Human Diseases {continued) 
meningitis {continued) 
Streptococcus y 341 
—, cerebroinapis fluid 
Neisseria, 299 
—, purulent 
Bacterium, 676, 682 
Hemophilus, 685 
Sphaeropkorus, 579, 580 
Meningopneumonitis 
Miyagawanella, 1117 
Mexican typhus 
Rickettsia, 1085 
Mianeh fever, Persia 
Spirochaeta, 1069 
Middle ear infections 
Staphylococcus, 282 
Mite bite lesions (eschar) 
Rickettsia, 1091 
Moroccan relapsing fever 
Spirochaeta, 1067 
Multiple sclerosis 
Spirochaeta, 1065 
Murine typhus 
Rickettsia, 1087 
Mycetoma 

Actinomyces, 916, 918 
Discomyces, 918, 919 
Nocardia, 901, 907, 919, 921 
Proactinomyces, 928 
Streptomyces, 959, 961, 966 
Streptothrix, 924 
Mycosis fungoides 
Streptococcus, 343 
Mycosis, pulmonary 
Oospora, 923 
Necrosis 

Clostridium, 811, 821 
Granuldbacter , 822 
—»intestinal 
. Bacillus, 659 
Nephritis 
Bacillus, 663 
Bacterium, 682, 760 
Nodular peritoneum 
Bacillus, 666 
Oosporosis, pulmonary 
Oospora, 922 
Ornithosis 

Miyagawanella, 1117 
Oroya fever 
Bartonella, 1102 


Osteomyelitis 
Bacillus, 664 
Ristella, 575 
Streptococcus, 330 
Ostcophlegnion, maxillary bone 
Pseudomonas, 701 
Otitis 

Bacleroides, 567 
Cillobacterium, 349 
Sphaerocillus, 580 
Sphaerophorus, 579 
Otitis media 
Bacillus, 666 
Corynebacterium, 402 
Diplococcus, 307 
Ozena 

Bacillus, 658 
Corynebacterium, 407 
Klebsiella, 459 
Pseudomonas, 95 
Salmonella, 531 
Sarcina, 292 
Streptococcus, 340 
—, secretions 
Micrococcus, 266 
Paratyphoid 

Salmonella, 501, 507, 530, 552 
Parenteric fever 
Eberthella, 534 
Parotitis epidemica 
Micrococcus, 270 
Parrot fever 
Miyagawanella, 1117 
Pasteurellosis 
Pasteurella, 553 
Pellagra 

Bacillus, 748 
Micrococcus, 281 
Pseudomonas, 148 
Pemphigus acutus, bullae 
Micrococcus, 270 
Pemphigus contagiosa, bullae 
Micrococcus, 270, 271 
Pemphigus neonatorum, bullae 
Micrococcus, 271 
Pericardial exudate 
Bacillus, 745 

Pericarditis 

Diplococcus, 307 
Nocardia, 899 
Spirillum, 217 
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Human Diseases {continued) 
Peritoneal exudate 
Sphaerophorus, 579 
Peritonitis 
Clostridiurn, 820 
Ramibacteriwn, 309 
Streptococcus, 307 
Pernicious anemia 
iSa/mone//a, 522 
Pertussis 
Bacterium, 590 
Hemophilus, 586, 589 
Petechiac in skin 
Neisseria, 297 
Phagadenous ulcer 
Borrelia, 10G4 
Pharyngitis 
Zuberella, 578 
Phlegmon, perinephritic 
Streptococcus, 329 
Phthisis 
Bacterium, 687 
Sarcina, 293 
Pink eye 
Bacillus, 589 
Pinta 

Treponema, 1073 
Pityriasis 
Discomyces, 919 
Plague 

Pasteurella, 549 
Pleurisy 

Streptococcus, 329, 332 
—, purulent 
Eubaclerium, 367 
Pasteurella, 554 
Ristella, 577 
Slreplobacillus, 581 
Pleuropneumonia 
Diplococcus, 310 

Pleuropneumonia-like disease, 1293 
Pneumonia 
Actinomyces, 973 
Bacillus, 547, 665, 703, 918 
Brucella, 563 
Diplococcus, 307 
Klebsiella, 458 
Salmonella, 518 
Streptococcus, 341 
Pneumonia, atypical 
Miyagawanella, 1117 


—, catarrhal 
Bacterium, 687 
—, louisiana 
Miyagawanella, 1119 
—, septic 
Bacterium, 684 
—, virus 

Miyagawanella, 1119 
Pneumonic plague 
Pasteurella, 549 
Pneumonitis 
Miyagawanella, 1119 
Polyarthritis 
Corynebacterium, 402 
Postnatal fever 
Corynebacterium, 405 
Post.poliomyelitic paralysis 
Veillonella, 304 
Pretibial fever 
Rickettsia, 1098 
Prostatitis 

Actinomyces, 918, 974 
Pseudoactinomycosis 
Actinomyces, 916 
Nocardia, 921 
Pseudodysentery 
Shigella, 538 
Pseudomycosis 
Micrococcus, 606 
Pseudotubcrculosis, pulmonary 
Nocardia, 919 
Psittacosis 
Rickellsia, 1095 
Miyagawanella, 1117 
Psoriasis 
Nocardia, 921 
Puerperal fever 
Bacillus, 580 
Micrococcus, 246 
(Streptococcus, 318, 329, 331 
Puerperal septicemia 
Clostridium, 821 
Staphylococcus, 701 
Pulmonary mycosis 
Oospora, 923 
Pulmonary oosporosis 
Oospora, 922 
Pulmonary tuberculosis 
Actinomyces, 917 
Mycobacterium, 878,897 
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Pulmonary tuberculosis {continued) 
Oosporoy 923 
StTeptococcxtSy 343 
Purulent pleural fluid 
Salmonella^ 577 
Purulent urethral discharge 
Spirochaetay 1074 
Pus 

Actinomyces^ 916, 927, 971, 974 
Bacilbis, 659, 665, 737, 826 
Bacterium^ 678, 685 
Clostridium^ 806 
Corynehacteriumj 403, 406 
Leptospira^ 1078 

Micrococcus, 241, 242, 243, 251, 256, 
275 

N'ocardia, 921 
Oospora, 922 
Proactinomyces, 923 
jSarcina, 293 
Spirochaeta, 1069 
Staphylococctts, 282 
Streptococcus, 316, 321', 326, 341 
Slrepiomyces, 963 
Pus, anal pocket 
Corynehacterium, 406 
blue 

Pseudomonas, 89 
—, ears of scarlet fever patients 
Corynehacterium, 402, 403 
—» gonorrhoeal 
Micrococcus, 276 
Neisseria, 240 
joints 

Hemophilus, 585 
Neisseria, 296, 297 
—» peritoneal 
Streptococcus, 337 
pyelitis calculosa 
Vibrio, 206 
—* stinking 
Bacillus, 583 
—. tetanus 
Bacillus, 649 
*“» teeth 

Chromobaclerium, 234 
Pyelitis calculosa 
Spirillum, 217 
Vibrio, 206 

Pyelocystitis 

HUbsiella, 458 


Pyemia 
Bacterium, 685 
Sphaerophorus, 680 
Pyorrhoea 
Streptothrix, 923 
Pyorrhoea alveolaris 
Micrococcus, 262 
Spirochaeta, 1069 
Treponema, 1072 
VeUlonella, 303, 304 
Pyrexia 

Salmonella, 619 
Q (Queensland) fever 
Coxiella, 1093 
Nabies 

Streptococcus, 340 
Rag picker's disease 
Proteus, 691 
Rat bite fever 
Actinomyces, 972,974 
Spirillum, 215 
Streptothrix, 924 
Rectal ulcer 
Eubacterium, 367 
Recurrent fever 
Spirochaeta, 1067 
Red perspiration 
Micrococcus, 263 
Relapsing fever 

Borrelia, 1060, 1061, 1062, 1063, 1064 
Spirochaeta, 1065, 1066, 1069, 1070 

-, African 

Borrelia, 1061 

-, Central and South Africa 

Borrelia, 1060 

-, European 

Borrelia, 1060 

-, Indian 

Borrelia, 1062 

-, Moroccan 

Spirochaeta, 1067 

-, South American 

Borrelia, 1064 

-, Spanish 

Spirochaeta, 1067 

-, Western 

Borrelia, 1064 
Rheumatism 
Streptococcus. 343 
—, acute 

Actinomyces, 927 
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Human Diseases (conlinued) 
Rheumatism, articular 
MicrococcuSy 275 
SpiTochaeta, 1070 
Rhinitis 
Zuherella, 578 
—, chronic 
Salmonella, 531 
Rhinopharyngitis 
Treponema, 1076 
Rhinoscleronia 
Klebsiella, 459 
Rickettsialpox 
Rickettsia, 1092 

Rocky Mountain spotted fever 
Rickettsia, 1088, 1089, 1098 
St. Vitis dance 
Nocardia, 975 

Sao Paulo exanthemic fever 
Rickettsia, 1088 
Sarcoma 
Bacillus, 744 
Scarlatina 
Bacillus, 656 
Corynebacterium, 406 
Nocardia, 919 
Scarlet fever 
Bacillus, 649, 668 
Micrococctis, 255, 275 
Neisseria, 301 
Streptococcus, 315, 343 
Veillonella, 303, 304 
Scrub typhus 
Rickettsia, 1091 
Scurvy 

Bacterium, 678 
Seborrhoic eczema 
Pseudomonas, 148 
Septicemia 
Bacillus, 738 
Bacterium, 553, 674, 686 
Bacteroides, 566, 567 
Chrrmchacterium, 232, 233 
Clostridium, 796,821,826 
Miyagawanella, 1119 
Streptococcus, 316 
Seven-day fever, Japan 
Leptospira, 1077 
Shin bone fever 
Rickettsia, 1095 


Skin abscess 
Streptococcus, 333 
—, ulcers 
Aurococcus, 250 
Sleeping sickness 
Bor'relia, 1062 
Smallpox pustules 
Bacterium, 674 
Staphylococcus, 282 
Streptococcus, 345 
Soduku 

Strepiothrix, 924 
Soft chancre 
Hemophilus, 587 
South African tick bite fever 
Rickettsia, 1089 

South American relapsing fever 
Borrelia, 1064 
Spanish relapsing fever 
Spirochaeta, 1067 
Splenic anemia 
Streptomyces, 964 
Spicnomegalia 
Bacteroid^, 581 
Nocardia, 922 
Sporotrichosis 
Actinomyces, 916 
Nocardia, 911 

Spotted fever, Minas Geraes 
Rickettsia, 1088 
Spotted sickness 
Treponema, 1073 
Stomach cancer 
Sarcina, 286, 290, 291 
Stomatitis 
Micrococcus, 696 
—, creamy 
Oospora, 922 
Streptotrichosis 
Streptomyces, 967 
Strumitis 

Bacillus, 655, 669, 671 
Suppuration, wound 
Micrococcus, 242 
Swamp fever, Europe 
Leptospira, 1078 
Sycosis, bacillogenic 
Bacterium, 687 
Syphilis 

Bacterium, 687 
Borrelia, 1063 
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Human Diseases (continued) 

Syphilis (continued) 

Treponema^ 1071 
Tabardillo 
RicketUiaf 1085 
Taches noires 
Rickettsia, 1089 
Tetanus 
Bacillus, 818 
Clostridium, 799 
— pus 
Bacillus, 649 

Tick bite fever, South African 
Rickettsia, 1089 
Tick bite, primary sores 
Rickettsia, 1089 
Tobia fever, Colombia 
Rickettsia, 1088 
Tonsillar abscesses 
Oospora, 922 

Tonsillar nocardiomycosis 
Nocardia, 921 
Tonsillitis 

Oiplococcus, 310 
Streptococcus, 337 
Zvberella, 678 
Tonsils, infected 
Micrococcus, 246, 248 
Neisseria, 300 
Trachoma 
Bacillus, 689 
Chlamydozoon, 114 
Micrococcus, 260, 269 
Neisseria, 301 
Noguchia, 693 
■Trench fever 

Rickettsia, 1094, 1095, 1098 
Spirochaeta, 1067 
Trichomycosis axillaris 
Micrococcus, 268 

Trichomycosis axillaris, red variety 
Micrococcus, 266 
Trichomycosis flava 
N ocordta, 922 
Trichorrhexis nodosa 
Bacterium, 760 
Tropical frambesia 
Treponema, 1072 
Tsutsugamushi disease 
Rickettsia, 1089,1091 
T ub6 rouloBu 
fiodertum, 676 


Gaffkya, 283 
Mycobacterium, 877, 879 
Proactinomyces, 923 
Streptothrix, 924 
—, bone 

Streptococcus, 343 
—, bovine 

Mycobacterium, 879, 896 
Tuberculosis, pulmonary 
Actinomyces, 917 
Myc<^acterium, 878, 897 
Oospora, 923 
Spirillum, 217 
Streptococcus, 343 
Tuberculous cavity 
Bacillus, 580 
Tuberculous lesions 
Mycobacterium, 879 
Tularemia 
Pasteurella, 549 
Typhoid fever 

Bacillus, 580, 666, 817, 827 
Eberthella, 533 
Pseudomonas, 148 
Salmonella, 516, 519, 527, 530 
Typhus fever 
B(u:terium, 686 
Corynebacterium, 406 
Micrococcus, 260 
Rickettsia, 1085, 1098 
Spirochaeta, 1070 
Typhus, European 
Rickettsia, 1085 
Typhus exanthematicus 
Rickettsia, 1085 
Typhus, Kenya 
Rickettsia, 1085 
Ulcers, abdominal wall 
Streptomyces, 966 
—, genital region 
Spirochaeta, 1067 
—, gingival 
Nocardia, 921 
—, granulating skin 
Aurococcus, 260 
—, oriental skin 
Micrococcus, 254 
—, pharynx 
Nocardia, 920 
—, rectal 
Eubacterium, 367 
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Human Diseases {continued) 
Ulcers, skin 
Corynehaclenumy 406 
MicrococcuSj 695 
Spirochaeta, 1068 
—, thoracic 
Actincmyces, 915 
—, upper lip 
JVocardta, 920 
Ulcus vulvae acutum 
Bacillus, 400 
Undulant fever 
Brucella, 561, 562 
Urethritis 
Slreptobacillue, 590 
Urinogenital suppurations 
Neisseria, 300 
Vaccinia 

Spirochaeta, 1074 
Vaginitis 
Bacillus, 826 
Mimeae, 595 
Neisseria, 301 
Spirochaeta, 1074 
Veld sores, Africa 
Micrococcus, 280 

-, Australia 

Micrococcus, 280 
Venereal discharges 
Micrococcus, 279 
Neisseria, 296 
Verruga peruana 
Bartonella, 1101 
Vincent’s angina 
Borrelia, 1063 
Viral pneumonia 
Miyagawanella, 1118 
Vitiligo 
Nocardia, 975 
War wounds 
Corxfnehaclerium, 402 

-, gangrene 

Streptococcus, 329, 330 

-, septic 

SphaerophoruSt 579 
Warts 

Bacterium, 684 
Weil’s disease 
Leptospira, 1077 
Pseudomonas, 90 


Western relapsing fever 
Borrelia, 1064 
Whooping cough 
Bacterium, 589, 590 
Hemophilus, 587 
Wolhynian fever 
Rickettsia, 1095 
Wounds, gangrenous 
Bacillus, 738 
Wounds, infected 
Bacillus, 663, 826 

Clostridium, 773, 776, 783, 792, 794, 
798, 799, 801, 811, 812, 825 
Diplococcus, 310 
Injlabilis, 823 
Micrococcus, 696 
Pleciridium, 826 
—, superficial 
Corynehacterium, 385 
—, surgical 
Bacteroides, 574 
Yaws, ulcerated lesions 
Spirochaeta, 1065, 1068 
Treponema, 1072 
Yellow fever 

Bacillus, 648, 659, 661, 662, 752, 819, 
826 

Bacterium, 613, 675, 676, 679, 681, 
687 

Clostridium, 813 
Corynehacterium, 404 
Micrococcus, 261, 280, 281 
Streptococcus, 338 
Yellow fever vomit 
Streptococcus, 340 

Human Sources 
.\limentary canal 
Micrococcus, 251 
Amniotic fluid 
Streptococcus, 329 , 330 
Veillonella, 303 
Aorta 

Bacterium, 677 
Appendix 

Bifidchacterium, 369 
Catenahacterium, 368 
Arm 

MarUllillm, 323 
Plectridium, 826 
Reglillus, 323 
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Ascitic fluid 

Corynebacteriunit 402, 403 
Bartholin’s gland 
Streptococcus, 329 
Bladder 
Sarcina, 294 
Blood 

Actinomyces, 927, 973 

Alcaligenes, 413, 416 

Bacillus, 580, 650, 659, 668, 669, 827 

Bacterium, 553, 674, 686 

Bartonella, 1102 

Brucella, 561, 562 

Clostridium, 821 

Corynehacterium, 386, 400, 403, 405, 
406 

Diplococcus, 307, 311 
Bberthella, 534 
Escherichia, 447 
Heliconema, 1064 
Hemophilus, 585,589 
Leptospira, 1078, 1079 
Malleomyces, 556 

Micrococcus, 255, 260, 264, 272, 277 
Miyagawanella, 1116 
Neisseria, 296, 297 
Nocardia, 975 
Pasteurella, 549, 551 
Proteus, 490, 491 
Rickettsia, 1085, 1092, 1098 
Salmonella, 612, 614,618,628,631 
Sphaerophorus, 579, 680 
Epirillum, 217 

Spirochaeta, 1067, 1069, 1070 
Streptococcus, 316, 321, 326, 327, 329, 
330, 336, 340, 341, 343 , 344 
Streptomyces, 960, 965 
Vibrio, 204 

Blood culture, post mortem 
Clostridium, 798 
Blood, putrefying 
Epirillum, 217 
Blood vessels 
Rickettsia, 1086 
Body secretions 
Micrococcus, 240. 261 

Brain 

Eirepiococcus, 340 

Breast 

Actinomyces, 927 

Buccal cavity, see Mouth cavity 


Cadaver 

Bacillus, 752, 819, 826 
Bacterium, 687 
Clostridium, 813, 826 
Streptococcus, 327 
Cadaver, yellow fever 
Bacillus, 612, 659, 662, 819, 826 
Bacterium, 675, 676, 679, 687 
Clostridium, 813 
Salmonella, 531 
Streptococcus, 338 
Caecum 

Alcaligenes, 415 
Carriers 

Salmonella, 512, 514, 515, 519, 520, 
521, 524 , 525, 526, 528, 529 
Cerebrospinal fluid 
Corynebacterium, 404 
Diplococcus, 307 
Hemophilus, 585, 589 
Neisseria, 296, 297, 301 
Sireptothrix, 366 
Cervix 

Streptococcus, 341 
Cervix exudate 
Chlamydozoon, 1115 
Vibrio, 198 
Chyluria 
Bacillus, 651 
Conjunctiva 
Bacillus, 590, 666 
Bacterium, 677, 684, 689 
Chlamydozoon, 1115 
Corynebacterium, 385, 386 
Diplococcus, 311 
Hemophilus, 585 
Micrococcus, 248, 257, 261 
Mimeae, 595 
Moraxella, 591, 592 
Neisseria, 296, 297 
Pacinia, 691 
Sarcina, 291 
Conjunctival exudate 
Chlamydozoon, 1115 
Cornea 

Actinomyces, 969, 973 
Chlamydozoon, 1115 
Digestive tract 
Diplococcus, 309, 310 
Micrococcus, 247, 251 
Streptococcus, 320, 332 
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Human Sources {continued) 

Digestive tract {continued) 
Veillonella, 303 
Duodenum 
Bacterium, 688 
Staphylococcus, 701 
Streptococcus, 702 
Ear 

Corynebacterium, 403 
Endothelial cells 
Bartonella, 1102 
Rickettsia, 1086 

Epithelial cells, intestinal mucosa 
Rickettsia, 1085 
Eye 

Bacillus, 655 
Micrococcohacillus, 690 
Staphylococcus, 282 
Eyelid 

Actinomyces, 972 
Female genital canal 
Coccus, 250 
Micrococcus, 246, 252 
Female genital tract 
Coccus, 250 
Gajfkya, 284 
Vibrio, 205 
Female genitalia 
Bacleroides, 567 
Food handlers 

Salmonella, 512, 519, 521, 524, 526, 
527, 530, 531 
Foot 

Bacillus, 658, 661, 662, 670, 671 
—, skin of 
Sarcina, 290 
Gall bladder 
Bacillus, 612 
General 

Strepiococcm, 338, 343 
Genital canal 
Bacillus, 361, 362, 580 
Corynehacterium, 402 
Streptococcus, 336 
Sireptosttiphylococcus, 345 
Genital mucous membranes 
Borrelia, 1063 
Genital secretions 
Miyagawanella, 1116 
Treponema, 1071, 1072 


Genital tract 
Staphylococcus, 281, 282 
Genitalia 
Bacleroides, 574 
Borrelia, 1063 
Genitourinary tract 
Chlamydozoon, 1115 
Klebsiella, 458 
Gums 

Streptococcus, 340 
Hair 

Micrococc^is, 253 
—, beard 
Bacterium, 687 
—, follicles 
Bacterium, 686 
Corynehacterium, 387 
Micrococcus, 259 
—, showing trichorrhexis 
Bacterium, 688 
Healthy persons 
Vibrio, 204 
Heart 

Bacterium, 677 
Intestine 
Aerobacter, 455 
Alcaligenes, 413, 415 
Bacillus, 659, 671, 739, 744, 745, 746, 
747, 757, 758, 813, 814, 815, 817, 
825, 826, 918 

Bacterium, 580, 672, 677, 678, 686 
Bacleroides, 567, 568, 569, 570, 671, 
572, 573, 674 
Bifidobacterium, 369 
Bulyribacterium, 369 
Catenabacterium, 368 
Clostndium, 783, 794, 799, 800, 809, 
820, 821 

Corynehacterium, 402, 404 
Eberthella, 533, 534 
Escherichia, 447, 449, 450 
Euhacterium, 367, 368 
Klebsiella, 458 
Lactobacillus, 353, 354, 361 
Microbaclerium, 370 
Mio'ococcus, 248, 251, 272, 274 
Microspira, 202, 203 
Neisseria, 301 
Paracolchactrum, 460 
Proteus, 489 
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Human Sources (continued) 

Intestine (continued) 

Pseudo7nonas, 97, 145, 146, 147, 148, 
150 

Riatella, 577 

Salmonella^ 462, 516, 523 
SarcinUj 292 
Shigella, 539, 542, 543 
Sphaerocillus, 580 
Spirillum, 217 
Spirochaeta, 1067, 1074 
Streptococcus, 326, 327, 328, 330, 331 
Veillonella, 304 
Vibrio, 194, 198, 204, 205 
Zuberella, 577, 578 
Joints 

Corynebacterium, 386 
Neisseria, 296, 297 
Kidney 

Bacterium, 677 
Corynebacterium, 400 
Spirochaeta, 1067 
Lai^e intestine 
Micrococcus, 247 
Larynx 

Corynebacterium, 385 
Liver 

Bacillus, 658, 659, 660, 662, 667 
Bacienum, 613, 676, 679, 683, 685 
Bartonella, 1102 
Clostridium, 821 
PasUurella, 549, 651 
Streptococcus, 338 
Streptomyces , 967 
Lung 

Actinomyces, 927, 968 
Bacillus, 667 
Corynebacterium, 386 
Hemophilus, 689 
Miyagawanella, 1118, 1119 
Oospora, 922 
Spirillum, 217 
Spirochaeta, 1065 

Streptococcus, 329, 330, 331, 332, 343 
Veillonella, 302 
Lymph glands 
BaciUus, 668 
Sacterium, 689 
Bartonella, 1101, 1102 
CorynebacteHum, 402, 403, 404 
Lymphoid tissues 
BiploeoecuSf 310 


Maxilla 

Robertsoniilus, 823 
Moutli cavity 
Actinomyces, 926, 927, 971 
Ascococcus, 250, 693 
Bacillus, 365, 580, 650, 656. 657, 
667, 743, 744 

Bacterium, 676, 678, 679, 687, 761 
Bacteroides, 574 
Bifidobacterium, 360 
Borrelia, 1062 
Catenahacterium, 368 
Coccus, 694 

Corynebacterium, 386, 402, 404 , 405 
Diplococcus, 310 
Fusobacleriuftt, 582, 583 
Helicobacterium, 690 
Jodococcus, 695 
Lactobacillus, 361 
Leptospira, 1079 
Leptothrix, 365, 366 
Leptoirichia, 364, 365 
Micrococcus, 248, 251, 257, 260 , 262, 
263, 264, 269 , 273, 277, 696 
Neisseria, 300 
Proaclinomyces, 923 
jSarcina, 294 
Spirillum, 218 

Spirochaeta, 1065, 1066, 1070, 1074, 
1079 

Staphylococcus, 701 
Streptococcus, 316, 320, 321, 323, 329, 
330, 331, 333, 336, 338, 339, 341, 
342, 343, 344 
Treponema, 1072, 1075 
Veillonella, 302, 303, 304 
Vibrio, 203 , 204 , 205 , 206 , 207 , 703 
Mouth cavity, putrid tissue 
Clostridium, 820 
Gf'anulobacter, 822 
Mucous membrane 
Bacteroides, 574 
Fasteurella, 552 
Streptococcus, 342 , 344 

-, moutli cavity 

Caryophanon, 1004 
-, nasal 

Micrococcus,274,"MQ 

Sarcina, 292 
Zuberella, 578 
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Human Sources {continued) 

Mucous membrane, nose and throat 
Neisseria, 301 

-, respiratory tract 

Borrelia, 1062, 1063 
Dialister, 595 
Gaffkya, 283 
Neisseria, 298, 299,301 
Mucus 
Bacillus, 737 
Mucus, intestinal 
Bacillus, 648, 649, 664, 679 
—, nasal 

Bacillus, 658, 659, 667, 669 
Corynebacterium, 406,407 
Micrococcus, 257, 278 
Neisseria, 301 
Pseudomonas, 95 
Streptococcus, 342, 344 
Vibrio, 203 
Nasal washings 
Veillonella, 303 
Nasopharyngeal secretions 
Dialister, 595 
Neisseria, 301 
Nasopharynx 
Hemophilus, 585 
Neisseria, 297 , 298, 299 , 301 
Pasteurella, 581 
Staphylococcus, 282 
Zuberella, 577 
Natural cavities 
Gaffkya, 284 
Veillonella, 303 
Nerves, peripheral 
Mycobacterium, 882 
Nose 

Corynebacterium, 385, 403 
Diplococcus, 311 
Micrococcics, 260 , 262 
Sarcina, 292 
Streptococcus, 318, 321 
—, mucous membrane, see Mucous 
membrane, nasal 
Oral cavity, see Mouth cavity 
Organs, internal 
Leptospira, 1078 
Peritoneum 
Bacillus, 666 
Pharynx 

Corynebacterium, 385, 403 


Diplococcus, 310, 311 
Streptococcus, 320, 321 
Pia mater 
Nocardia, 975 
Pleural fluid 
Pasteurella, 549 
Preputial secretions 
Bacillus, 612 
Rectum 

Alcaligenes, 415, 416 
Bacillus, 650 
Red perspiration 
Micrococcus, 263 
Red pus 
Bacterium, 685 

Respiratory mucous membrane, see 
Mucous membrane, respiratory tract 
Respiratory system 
Cillobacterium, 369 
Diplococcus, 307 
Eubacterium, 368 
Respiratory tract 
Hemophilus, 585, 586,587, 589 
Klebsiella, 458 
Neisseria, 298, 299, 300 
Streptococcus, 316, 319, 321, 331, 332, 
333, 334 
Saliva 

Bacillus, 647, 671 
Diplococcus, 307 
Flavobacterium, 440 
Leptolhrix, 366 
Micrococcus, 258, 275 
Neisseria, 298 
Staphylococcus, 282 
Streptococcus, 320, 321, 337, 344 
Veillonella, 304 
Scalp 

Micrococcus, 266 
Sebaceous glands 
Corynebacterium, 387 
Sinuses 

Hemophilus, 585 
Streptococcus, 321, 333 
Skin 

Bacillus, 647, 650, 651, 655, 656, 658, 
660, 661, 662, 663, 668, 670, 671, 
742, 743 

Bacterium, 674, 683, 686 
Corynebacterium, 386, 403 , 406 
Eubacterium, 368 
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Human Sources (continued) 

Skin (continued) 

Gaffkya, 283 

Micrococcus, 239, 242, 243, 244, 251, 
252, 254, 255, 256, 257, 258, 259, 
262, 274, 695 
Mycobacteriwn, 882 
Nocardia, 919, 921 
Plocamobacterium, 691 
Pseudomonas, 148 
Rickettsia, 1086 
Sarcina, 288. 290 
Streptococcus, 318, 333, 343 
Skin, dry scalp lesions 
Discomyces, 975 
Skin of foot 

Micrococcus, 251, 252, 256, 262 
Smegma 

Mycobacterium, 890 
Sarcina, 291 
Treponema, 1072 
Spinal fluid 
Bacillus, 667 
Miyagawanella, 1176 
Salmonella, 522 
Spleen 
Bacillus, 613 
Bacterium, 677 
Brucella, 561 
Pasieurella, 549 , 551 
Salmonella, 522 
Streptococcus, 341, 344 
Streptomyces, 958, 962, 963, 964 
Sputum 

Actinomyces, 916, 917,970,972 
Bacillus, 647, 653, 664. 665, 667, 668, 
669, 672, 703, 738, 740, 741, 752, 
754, 918 
Bacterium, 761 
Brucella, 693 
Cladothrix, 974 
Biplococcus, 307 
Gaffkya, 283 
Bemopkilus, 585 
Klebsiella, 458, 459 
Micrococcus, 257,267,277 
Miyagawanella, 1119 
. Moraxella, 592 
Keisseria, 298 
A^ocordta,920,921, 976 
Oospora, 922, 923, 976 
Bastturella, 549 


Proactinomyces, 923 
Pseudomonas, 698 
.Sarcina, 293, 294 
Serratia, 484 
Spirillum, 701 

Streptococcus, 320, 321, 340, 341. 
343, 344 

Streptothrix, 924 
Vibrio, 198 

— green 
Pseiuiomonas, 149 
Stomach 
Actinomyces, 969 
Alcaligenes, 416 
Bacillus, 647, 650, 666 
Eubacterium, 367 
llelicobacterium, 690 
Sarcina, 286, 290, 291, 294 
Stomach contents 
Bacillus, 814 
Gaffkya, 284 

Submaxillary lymphatic gland (child) 
Micrococcus, 280 
Sweat 

Bacillus, 666, 673 
Tear duct 
Actinomyces, 970 
Teeth 

Acidobacterium, 361 
Aerobacter, 456 
Fusobacterium, 582, 583 
Granulobacler, 822 

Streptococcus, 320, 339, 340, 341, 342 
—, carious 
Bacillus, 653 
Micrococcus, 262 
—, decayed 
Cladothrix, 918, 974 
Throat 

Corynebacterium, 386, 387, 404, 406 
Diplococcus, 311 
Micrococcus, 280 
Spirochaeta, 1065 

Streptococcus, 316, 318, 320, 321, 333, 
334, 335, 337, 339, 341, 342, 343 
Veillonella, 303 
Tongue 

Acidobacterium, 361 
—, deposit on 
Nocardia, 920 
Streptococcus, 340 
Vibno, 205 



1338 


INDEX OF SOURCES AND HABITATS 


Human Sources (continued) 

Tongue, epithelium 
Micrococcus, 267 
Tonsillar crypts 
Actinomyces, 927 
Vihriothrix, 833 
Tonsillar granules 
Spirillum, 218 
Tonsils 

Alcaligenes, 416 
Bacillus, 583 
Corynebacterium, 405 
Diplococcus, 310 
Sphaeropkorus, 579 
Streptococcus, 338 
Veillonella, 304 
Trachea 

Corynebacterium, 385 
Urethra 

Corrymcbacterium, 404 
Leptothrix, 366 
Micrococcus, 248 
Streptobacillus, 590 
Streptococcus, 340 
Urethral exudate 
Chlamydozoon, 1115 
Urinary tract 
Micrococcus, 248 
Neisseria, 300 
Staphylococcus, 282 
Urine 

Bacillus, 647, 652, 653, 655, 660, 661, 
663, 664, 668, 669, 671, 741, 757, 758 
Bacterium, 678, 688, 760 
Bacteroides, 574 
Leptospira, 1077, 1079 
Micrococcus, 238, 247, 260, 266, 267, 
269, 279, 280 
Mycobacterium, 890 
Proteus, 490, 491 
Salmcnella, 518, 531 
Sarcina, 289, 293 
Spirochaeta, 1067, 1070 
Spiroschaudinnia, 1071 
Staphylococcus, 282 
Streptococcus, 323, 338, 340, 341 
Uterus 

Actinomyces, 580 
Bacillus, 668 
Proteus, 490 


Spirochaeta, 1067, 1074 
Streptococcus, 329, 331, 332 
Vaccine pustules 
Corynebacterium, 401 
Vagina 

Bacillus, 580, 612, 652, 667 
Lactobacillus, 362 
Leptothrix, 366 
Mimeae, 595 
Neisseria, 301 

Streptococcus, 318, 319, 327, 329, 330, 
332, 333, 334. 337, 338 
Vaginal secretions 
Micrococcus, 261, 278 
Vulva 

Streptococcus, 338 
Ice 

Micrococcus, 272 

Ice Cream, see Dairy Products 

Infusions 
Asparagus 
Bacillus, 656 
Bacterium, 679 
Micrococcus, 262 
Bean 

Bacillus, 657, 664, 669, 750 
Bacterium, 679, 685 
Micrococcus, 262, 264 , 268, 271, 273, 
279 

Spirillum, 218 
Beef 

Clostridium, 811, 821 
Brewer's grain 
Bacillus, 656 
Carrot 

Micrococcus, 261, 264 
Streptococcus, 341 
Cheese and white beets 
Bacillus, 711 
Corn 

Bacillus, 650, 748 
Bacterium, 681 
Digitalis 
Bacillus, 745 
Micrococcus, 262, 263 
Egg white, cooked 
Bacillus, 757 
Fermenting 
Bacillus, 672 
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Infusions {contimtedi 
General 
Bacillus^ 755 
ProteuSj 488 
Hay 

iicroiocfer, 466 
Badllus, 711, 743, 815, 824 
Herbs 

iSp»rocAac(o, 1053 
Jequirity seed 
Bacillus, 672 
Kohlrabi 
Vihno, 206 
Leaves, indigo plant 
Bacillus, 659 
Lentils 
Bacillus, 711 
Malt 

Micrococcus, 263 
Meat 

Bacillus, 664 
Picudomonas, 147 
extract 

Afwrococctw, 255, 267 
—, putrefying 
Micrococcus, 264, 256 
Potato 

Bacillus, 660 
Putrefying 
Bacterium, 682 
Snakeroot 
Micrococcus, 263 

Vegetable 

Bacillus, 654, 656, 671 

Bacterium, 675, 679, 681, 687, 688, 
689 

Micrococcus, 277, 278,280 
Pteudomonas, 147, 148 
Wheat 

Bacillus, 650 

lusccta, Scientific Names 
^doretus compressus, 657 
Amitermes minimus, 980 
Anasa tristis, 664 

Apis mellifera, 490, 648, 657, 660, 667, 
W9, 670, 673, 676, 693 , 724, 726, 737, 
738,740,744,749, 767 
Apis mellifica, 266, 326, 327,337, 422 
Arctia caja, 690 
Blaita germanica, 402 
Blatta orienialis, 1003 


Blaita (Periplaneta) orientalis, 740 
Blissus leucopterus, 264 
Botnbyx mori, 254, 265, 282, 336, 337, 
342, 481, 490, 650, 652, 739, 754 
Calotermes (Glyplolennes) iridipennis, 
583, 742 

Calotermes spp., 1070 
Ceratomia catalpae, 746 
Chironomus plumosus, 173 
Chiron07nus sp., 635 
Cimex hiru7idinis, 1096 
Cimex lectularius, 392, 605, 1060, 1096, 
1104 

Ci/7iex rolu7idatus, 1062 
Clisioca77ipa fragilis, 660 
Cnethoca77ipa pityoca77ipa, 342, 684 
CoccUiella novemnolata, 431, 440 
Coenagrionidae, 269 
Conocephalus fasciatus, 440 
Cienocephalides felis, 1096 
Cie7iocephalu8 felis, 1066 
Cte7iocepkQlus sp., 1104 
Culex faliga7is, 1096 
Culex pipie7\s, 1098 
Culex sp., 1066 
Danais archipus, 260 
Diahrotica sp., 124 
Diaphero77iera femorata, 433, 679 
Diprion sertifer, 668 
Drosophila co7\fusa, 1075 
Eacles wiperialis, 608 
Eckidnophaga gallinacea, 1086 
E7icaptolopus sordidus, 665 
Epkestia kueh7iiella, 259, 260, 647, 759 
Euxoa segetuin, 336, 425, 460, 689 
Euxoa (Agrotis) segelutn, 737 
Galleria 77iello7\eUa, 200, 259, 340, 152, 
759, 762 

Gelechia gossijpiella, 678, 686 
Qlossina palpalis, 1062 
Glyptotermes iridipennis, 1075, 1076, 
1121 

Gortyna ochracea, 657 
Gryllotalpa grylloialpa, 745 
IIyp07i07neuta evonyniella, 750, 754 
ffyponomeuta sp., 267 
laophya (Barbitisles) a/nplipennis, 739 
Kaloier/nes sp., 1003, 1121 
Lachnoster/ia sp., 269 
Lalhridius rugicollis, 971 
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Insecta (continued) 

Lepimotarsa decemlineafa, 419,440, 660 
Leucoiermes lucifugus, 1067 
Linognathus stenopsis, 1097 
Locusta migraioria, 666 
Lucilia caesar, 780 
Lucilia sericata, 274, 301, 748 
Lygus pratensis, 603 
Lymantria dispar, 739 
Lijmantria jnonacha, 267 , 648 , 651, 652, 
659, 660, 663, 682, 749, 753, 755 
Malacosoma americana, 416 
Malacosoma castrensis, 690 
Melanoplus femurrubrum, 665 
Melolcmtka melolontha, 336, 662, 681, 
690, 753, 757 

Musca dotnestica, 282, 528, 677 
Neotermes howa, 1121 
Neurotoma ncmoralis, 268, 663 
Neurotoma nemoralis, larvae of, 268 
Noctuidae, 491 
Oncopeltus fascialus, 490 
Orgyia pudibunda, 670 
Pectinophora gossypiella, 664 
Pedicinus tmgiceps, 1085 
Pediculus kumanus, 664, 1060, 1097 
Pediculus humanus var. capitis, 1085, 
1095 

Pediculus humanus var. corporis, 1085, 
1095 

Pediculus vestimenii, 1061, 1062 
Periplaneta americana, 217, 405 , 425 
Periplaneta orientalis, 652, 1069 
Pklebotomus noguchii, 1102 
Phlebotomus perniciosus, 1074 
Pklebotomus verrucarum. 1102 
Photuris pennsylvanicus, 491 
Pieris brassicae, 336, 665, 666 , 690 
Pieris rapae, 271,440, 737 
Polyplax serrala, 1112 
Polyplax spinulosus, 1086, 1104 
Popillia japonica, 727 
Porthetria dispar, 250 
Porthelria (Lymantria) dispar, 336,660, 

661 

Potosia cuprea, 808 
Procryptotermes sp., 1121 
Prodenia lilura, 684 
Protoparce sp., 491 
Pyrameis cardui, 667 


Pyrausia nubilalis, 200, 259 , 452, 685, 
690, 750, 759, 760, 761 
Reliculitermes flavipes, 1003 
Reliculiiermes lucifugus, 1069 
Rhagoleiis pomonella, 141 
Rhodnius prolixus, 914 
Scelipkron cementarium, 605 
Scoliopteryx libatrix, 659 
Simulium noelleri, 1068 
Stomoxys calcitrans, 677 
Slylopyga orientalis, 1076 
Slylopyga (Blatta) (Periplaneta) ori¬ 
entalis, 1075 

Temmorhinus (Cleonus) mendicus, 652 
Tenebrio molilor, 634, 680 
Termes lucifugus, 1070 
Thyridopteryx ephemeraeformis, 392, 

604 

Tibicen lifinei, 269, 608 
Triaioma rubrofasciata, 1098 
Trichodectas pilosus, 1097 
Urographus fasciata, 420 
Vadcssa polychlorus, 655 
T’ancssa ulricae, 653, 656 
Xenopsylla aslia, 1086 
Xenopsylla cheopis, 1086, 1104 

Insect Diseases, see Insects 
Insects, see Insecta for Scientific Names 
Apple maggot 
Pseudomonas, 141 
Bag^vo^m 

Bacterium, 604 
Corynebacterium, 392 
Bedbug 
Bacterium, 605 
Borrelia, 1060 
Corynebacterium, 392 
Haemobartonella, 1104 
Bee moth 

Bacterium, 759, 762 
Escherichia, 452 
Micrococcus, 259 
Streptococcus, 340 
Vibrio, 200 
Bees 

Bacillus, 693 
Bacterium, 673, 676 
Bifidobacterium, 369 
Proteus, 490 
Salmonella, 532 
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Insects {continued) 

Bees and larvae 
Bacillus, m 667, 669, 670 
—, diseased 

Bacillus, 657, 738, 740, 749, 757 
—, foulbrood 
Bacillus, 737, 744 
Micrococcus, 266 
Streptococcus, 326, 327, 337 
, foul brood, American 
Bacillus, 726 
, foulbrood, benign 
Bacillus, 660 
, foul brood, European 
Achromobacler, 422 
Bacillus, 724 
infectious diarrhoea 
Proteus, 490 
Beetle larvae 
Achromobacler, 420 
Beetles 

Actinomyces, 971 
Bacillus, 657 
Pusiformis, 694 
Pseudomonas, 124 
Blood-sucking insects 
Pasleurella, 551 
Blue bottle fly larvae 

Clostridium, 780 

Butterfly 

Bacillus, 653, 655, 656, 667 
Cabbage butterfly 
Bacillus, 665, 666, 737 
Biplobacillus, 690 
Pluvdbacierium, 440 
Streptococcus, 336 

--»larvae 

Micrococcus, 271 
Caterpillars 
Bacillus, 657 
Bacterium, 612 
Coccobacillus, 690 
Pseudomonas, 94 , 148 
Streptococcus, 339 
feces 

Pseudomonas, 148 

wilt disease 

Micrococcus, 261 

Chinch bug, caeoal organs 

Micrococcus, 261 
Cicada, Lyrenian 


Bacterium, 608 
Micrococcus, 269 
Cockcliafer 
Bacillus, 662, 753,757 
Bacterium, 681 
Diplobacillus, 690 
Streptococcus, 336 
Cockroach 
Bacillus, 740 
Fusiformis, 694 
Sarcina, 294 
Spirockaeta, 1069 
Treponema, 1075 
—, fat body 
Bacillus, 652 
Conjnebacterium, 402, 405 
—, feces 

Achromobacler, 425 
—, intestine 
Artkromitis, 1003 
Spirillum, 217 
Treponema, 1076 

Colorado potato beetle, intestine 
Ackrom(^acter, 419 
Bacillus, 660 
Flavobacterium, 440 
Corn borer, European 
Bacillus, 750 

Bacterium, 685, 759, 760, 761 
Coccobacillus, 690 
Escherichia, 452 
Micrococcus, 259 
Vibrio, 200 
Cricket 
Bacillus, 745 
Cutworm septicemia 
Proteus, 491 
Damsel fly 
Micrococcus, 269 
Firefly 
Proteus, 491 
Fleas 

Ilaemohartonella, 1104, 1106 
—, cat 

Rickettsia, 1096 
Spirochaeta, 1066 
—, chicken 
Rickettsia, 1086 
—, dog 

ffaemobarlonella, 1104 
—, rat 
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Insects [continued) 

Fleas, rat [continued) 

Pasteurella, 549 
Rickettsia, 1086, 1087 
Flies 

Salmonella, 528 
Staphylococcus, 282 
—, black 
Spirochaeta, 1068 
—, blue bottle 
Micrococcus, 274 
Neisseria, 301 
—, fruit 

Treponema, 1075 
—, green blow 
Bacillus, 748 
—, tsetse 

Borrelia, 1062 
Fly larvae 
Bacterhim, 677 

-, blue bottle 

Clostridium, 780 
General 
Lepiothrix, 366 
Micrococcus, 281 
Rickettsia-like organisms, 1098, 
Grasshoppers 
Eberthella, 534 
Flavobacteriurn, 440 
Gypsy moth 
Bacillus, 660, 661, 739 
Gyrococcus, 250 
Streptococcus, 336 
Hornworm septicemia 
Proteus, 491 
Imperial moth 
Bacterium, 608 

Japanese beetle, Milky disease 
Bacillus, 727 

-, milky disease, Type B 

Badlltis, 727 
June bug or beetle 
Bacillus, 746 
Micrococcus, 269 
Lady beetle larvae 
Flavc^acterium, 440 
I-ady beetle, nine-spotted 
Flavobacteriurn, 431, 440 
Larvae 
Bacillus, 649 


Leaf beetle 
Bacterium, 679 
Lice 

Bacillus, 664 
Borrelia, 1060, 1061 
Rickettsia, 1085, 1095, 1097, 1090 
—, biting 
Rickettsia, 1097 
— body 
Rickettsia, 1085 
—, goat 
Rickettsia, 1097 
—,head 
Rickettsia, 1085 
—, mouse 

Eperythrozoon, 1112 
—, rat 

Rickettsia, 1086, 1104 
Locusts 
Bacillus, 666 
—, diseased 
Micrococcus, 251 
May fly nymph shells 
Chitin-digesting bacteria, 632 
Meal worm 
Bacterium, 634, 680 
Mediterranean flour moth 
Bacillus, 647 

-, larvae 

Micrococcus, 259, 260 
Midge 

Bacterium, 635 
—, larvae 
Pseudomonas, 173 
Milkweed bugs 
Eberthella, 534 
Proteus, 490 

Monarch butterfly larvae, wilt disease 
Micrococcus, 261 
Mosquito 

Rickettsia, 1096, 1098 
—,feces 
Micrococcus, 280 
—, larvae 
SpirocAac/o, 1066 
Moth 

Bacillus, 659, 660, 737, 750, 754 
Bacterium, 678, 682, 684, 686, 689 
Coccobacillus, 690 
Paracolobaetrum, 460 
Streptococcus, 336 
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Insects {continued^ 

Moth {c(mtinued) 

—, crushed egg masses 
Alcaligenea, 416 
Mud dauber wasp 
Bacterium^ 606 
Nun moth 

Bacillus, 648, 651, 652, 659, 660, 663, 
749,753 755 

-, larvae 

Micrococcus, 267 
Olive fly 
Bacillus, 647 
Pink bollworm 
Bacillus, 664 
Processionary moth 
Baeterixm, 684 
Streptococcus, 342 
Reduvid bug 
Nocardia, 914 
Rickettsia, 1098 
Roseleaf beetle 
Clostridium, 808 
Sandfly 

Bartonella, 1102 
Spirochaeia, 1074 
Sawfly 

Bacillus, 663, 668 
Silkworm 

Bacillus, 650, 652 
Proteus, 490 
Serralia, 481 
Staphylococcus, 282 
Streptococcus, 336, 342 
* blood and organs 
Micrococcus, 254, 265 
diseased 
Bacillus, 739 
Micrococcus, 265 
Streptococc^is, 337 
Sphinx ipoth 
Bacillus, 746 
Squash bug 
Bacillus, 654 
Stink bugs 
Rherthella, 534 
Tarnished plant bug 
RacUrium, 603 
Tent caterpillar 
Bacillus, 746 
Termites 


Caryococcus, 1121 
Fusiformis, 583 
Spirochaeia, 1067 
Treponema, 1075, 1076 
—, intestine 
Arthromitis, 1003 
Bacillus, 728 , 742 
Coleomitus, 1003 
Micromo7iospora, 980 
Spirochaeia, 1069, 1070 
Tettigonids, diseased 
Bacillus, 739 
Tipulid 

Fusiformis, 694 
Walking stick 
Bacterium, 679 
Flovobacterium, 433 
Wasps 

Salmonella, 532 
Weevils 
Bacillus, 652 
Winter wheat cut worm 
Achromobacier, 425 

Leaven, see Yeast 

Mammals, also see Cats, Cattle, Dogs, 
Goats, Guinea pigs, Hogs, Horses. 
Mice, Rabbits, Rats, and Sheep 
Ant eater, five-toed 
Bartonella, 1108 
Ape, alimentary tract 
Serratia, 481 
Bandicoot 
Coxiella, 1093 
Bat, blood 
Spirochaeia, 1070 
Spironema, 1070 
—, erythrocytes 
Bartonella, 1108 
Grahamella, 1110,1111 
—, intestine 

Cbitin digesting bacteria, 632 
Buffaloes, blood 
Spirochaeia, 1065 
—, erythrocytes 

Haemobarlonella, 1106 
—, leucocytes 
Rickettsia, 1098 
Camel 

Salmonella, 513 
Carnivora 
Salmonella, 509 
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Mammals {continued) 

Chimpanzee, feces 
Clostridium, 785 
—, general 
Spirochaeta, 1079 
Deer mouse, erythrocytes 
Grahamella, 1111 

Haemobartonella, 1106, 1107, 1108 
Deer mouse, gray-backed 
Erythrocytes 
Eperythrozoon, 1113 
Haemobartonella, 1107 
Domestic animals, general 
Salmonella, 523 
Streptococcus, 317, 318 

-, lymph 

Corynebacterium, 404 

-, mouth cavity, mucous membrane 

Caryophanon, 1004 
-, throat 


Streptococcus, 334 
Dormice, erythrocytes 
Haemobartonella, 1108 
Ferrets 
Brucella, 563 
—, respiratory tract 
Hemophilus, 589 
Flying fox, intestine 
Acuformis, 813 
Bacillus, 818 
Foxes 

Salmonella, 517, 525 
General 

Streptococcus, 338 
—, intestine 

Bacillus, 817, 826 

Bacteroides, 567, 568, 569, 570, 571, 
572, 573, 574 
Butyribacterium, 380 
Clostridium, 796, 810 
Lactobacillus, 354 


Streptococc^is, 331 
—, mouth 

Streptococcus, 331 


—, mucous membrane 
Bacteroides, 574 
Streptococcus, 242, 243, 244 
—, natural cavities of mammals 
Gaffkya, 284 
—, saliva 
Streptococcus, 304 


Gerbilles, erythrocyfeS 
Hemobartonella, 1108 
Ground hogs 
Pasteurella, 551 
Hamsters, erythrocytes 
Grahamella, 1110, 1111 
Haemobartonella, 1104 
Hamsters, Chinese 
Erythrocytes 
Haemobartonella, 1108 
Jerboa, erythrocytes 
Haem<^artonella, 1108 
Laboratory animals 
Streptococcus, 317 
Lemmings 
Pasteurella, 551 
Moles, erythrocytes 
Grahamella, 1109 
Monkeys 
Bartonella, 1108 
Spirochaeta, 1068 
—, blood 
Rickettsia, 1088 
Spirillum, 1065 
—, erythrocytes 
Grahamella, 1111 
Haemobartonella, 1104 
—, infected with yellow fever virus 
Corynebacterium, 404 
—, trachoma 
Chlamydozoon, 1114 
Musk rats 
Pasteurella, 551 
Opossum, blood 
Spirochaeta, 1066 
—erythrocytes 
Haemobartonella, 1108 
Otter, blood 
Spirochaeta, 1067 
Primates, lower 
Salmonella, 502 
Rodents 

Pasteurella, 549, 551 
Salmonella, 517, 527 
Spirochaeta, 1068 
Streptococcus, 310 
—, blood 

Borrelia, 1064 
Shrew mouse 
Spirochaeta, 1066 
Shrew, short tailed 
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Mammals {continued) 

Shrew {continued) 

Erythrocytes 
Haemoharionella, 1107 
Squirrel bite 
Actinomyces^ 974 
Squirrels 
Erythrocytes 
Haemohartonellay 1108 
Squirrels, gray 
Erythrocytes 
Haemobartonella, 1107 
Squirrels, ground 
Bacillus, 669 
Pasteurella, 549, 551 
Vole 

Erythrocytes 
Eperythrozoon, 1113 
Grakamella, 1110 
Haemobartonella, 1104,1106 
Vole, Field 
Leptospira, 1077 
Water rats 
Pasteurella, 551 
Weasel bite 
Actinomyces, 973 
Whales 
Ambergris 
Spirillum, 217 
Wolf 


Erythrocytes 
Grakamella, 1110 
Mammals, Diseases of 
Apes 


Conjunctivitis, granular 
Noguchia, 693 
Enterocolitis 


Salmonella, 510, 519 
Orchitis 


Spirochaeta, 1074 
Parotitis 
Spirochaeta, 1074 
Syphilis 

Treponema, 1071 
Trachoma 
CHamydozoon, 1114 
Beavers 

Hemorrhagic septicemia 
Pasteurella, 651 
Buffaloes 

Hemorrhagic septicemia 
Pasteurella, 648, 649 


Infections 

Corynehacterium, 391 
Camels 

Pseudotuberculosis 
Actinomyces, 915 
Chimpan2ee8 
Bacillary dysentery 
Salmonella, 519 
Deer 

Hemorrhagic septicemia 
Pasteurella, 547 
Domestic animals 
Abortion 

Brucella, 561, 562 
Abscesses 

Corynehacterium, 388 
Tuberculosis 
Mycobacterium, 879 
Ulcerative lesions 
Corynehacterium, 389 
Ferrets 

Pasteurella, 552 
Foxes 
Listeriosis 
Listeria, 409 
Pneumonia 
Streptococcus, 317 
General 
Blue pus 
Pseudomonas, 89 
Cholera 
Vibrio, 196 
0)njunctivitis, acute 
Miyagawanella, 1119 
Infections 
Streptococcus, 342 
Malignant edema 
Clostridium, 776 
Bacillus, 826 
Septicemia 

Streptococcus, 232, 233 
Gerbilles 
Listeriosis 
Listeria, 409 
Relapsing fever 
Spirochaeta, 1069 
Kangaroos 

Gastroenteritis 
Nocardia, 921 
Lumpy jaw 
Nocardia, 921 
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Mammals Diseases of, (continued) 
Kangaroos (continued) 
Septicemia 
Nocardia, 921 
Laboratory animals 
Brucellosis 
Brucella, 561, 562 
Monkeys 
Abortion 
Brucella, 562 
Brucellosis 
Brucella, 562, 563 
Conjunctival folliculosis 
Noguchi a, 594 
Conjunctivitis, granular 
Noguckia, 593 

Conjunctivitis, inflammatory 
Noguckia, 594 
Fever, boutonneuse 
Rickettsia, 1089 
Fever, relapsing 
Spirochaeta, 1069 
Tuberculosis, bovine 
Mycobacterium, 879 
Tuberculosis, human 
Mycobacterium, 878 
Moose 

Tick paralysis 
Klebsiella, 459 
Mules 
Botulism 
Clostridium, 779 
Gangrenous dermatitis 
Sphaerophorus, 579 
Reindeer 

Hemorrhagic septicemia 
Pasieurella, 549 
Rodents 

Eperythrozoonosis 
Eperythrozoon, 1111 
Glanders-like disease 
Malleomyces, 556 
Grahamellosis 
Grahamella, 1109 
Haemobartonellosis 
Haemobartonella, 1102 
Melioidosis 
Malleomyces, 556 
Pseudotuberculosis 
Pasieurella, 549, 551, 553 


Sea calf 
Septicemia 
Bacterium, 689 
Squirrels, ground 
Tularemia 
Pasieurella, 569 
Water buffaloes 
Pleuropneumonia, bovine 
Asterococcus, 1292 
Osteomyelitis 
Clostridium, 825 
Septicemia 
Chromobacterium, 233 
Whales 
Septicemia 
Clostridium, 819, 825 


Mammals, Scientific Names 
Acodon serrensis, 1109 
Alactaga spp., 1109 
Apodemus agrarius, 1108 
Arctomys marmota, 1068 
Arvicola arvalis, 1113 
Blarina brevicauda, 1107, 1110 
Bos iaurus, 1110 
Cavia porcellus, 1106 
Cercopithecus patas, 1065 
Citellus pygmaeus, 1110 
Cricetulus spp., 1108, 1110 
Cricetus domesticus, 1110 
Cricetus phoca, 1111 
Ctenodactylus gondi, 1064 
Desmodus rufus, 1110 
Didelphys aurila, 1066 
Didelphys didelphys, 1108 
Eliomys quercinus, 1110 
Gerbillus tamaricinus, 1110 
GUs glis, 1108 
Golunda fallax, 1110 
Hemiderma brevicauda, 1108 
Isodon macrurus, 1093 
Jaculus jacuXus, 1109 
Jerboa sp., 1113 
Luira sp., 1067 
Macacus rhesus, 594 
Macacus sp., 1104, 1111 
Manis pentadactyla, 1108 
Masiomys coucha, 1110 
Meriones iristrami, lOW, Hlff 
Metcuhirus opossum, 1108 
Microtus arvalis, 1109, 1110, 1113 
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Mammals {continued) 

MicTOtxte montebellif 1077 
MicTotus pennsylvanictLS pennsylvani- 
CU5,1105, 1110, 1113 
Mu$ acomySf 1113 
Mus decumanuSf 1107,1110 
Mus minulus, 1113 
Mus musculus, 1110 
Mus norvegicuSy 1107 
Mus rattus, 891, 1107,1110 
Mus rattus griseiveniery 1107 
Mus sylvaticus, 1107 
Myoxus glisy 1108 

Peromyscus leucopus novaboracensis, 

1106, 1108, nil 

Peromyscits maniculatus, 1111 
Peromyscus maniculatus gracilis, 1107, 
1113 

Phodopus praedilectus, 1108 
Phoga vitulina, 689 
Phyllotis darwini linatusy 1111 
Pipistrellus naihusH, 1111 
Psevdocebus apelluy 1108 
PUr&pus, 813, 818 
Rattus rattusy 1107, 1113 
Rattus rattus frugivorusy 1107 
Sciurus carolinensis leucotiSy 1107 
Sciurus vulgaris, 1108, 1113 
Spalax typhlopSy 1104 
Spermophilus musicus, 669 
Thalassochelys caretta, 1111 
Vespertilio kuhlii, 1070 
Vespertilio noctula, 1110 
Vesperugo kukliiy 1070 

Manure (Dung) 

Black cock 

Mycococcus, 1042 
Cat 

Streptococcus, 337 
Compost 
Serratia, 484 
Cow 

Achromobacter, 423 
Bacillus, 816, 824 
Caryophanon, 1004 
Borynebacierium, 403 
Microbacterium, 370, 371 
Micrococcus, 271 
Mycobacterium, 889 
Myxococcus, 1042, 1043 


Ristella, 576 

Streptococcus, 322, 323, 337, 338, 342, 
345 
Deer 

Angiococcus, 1048 
Archangium, 1018 
Ckondrococcus, 1045, 1046 
Chondromyces, 1037, 1038 
Melitiangium, 1034 
Myxococcus, 1042 
Synangium, 1033 
Deer (Antelope) 

Chondromyces, 1037, 1038 
Deer (Roe) 

Archangium, 1019 
Chondrococcus, 1045 
Myxococcus, 1042 
Deer (Stag) 

Myxococcus, 1042 
Dog 

Bacillus, 815, 826 
Myxococcus, 1042 
Spirochaeta, 1065 
Streptococcus, 337 
Fox 

Streptococcus, 323 
Frog 

Bacillus, 742 
General (usually cow) 

Aerobacter, 456 
Bacillus, 729, 737, 738 
Bacterium, 602, 613, 643, 682, 686, 
690, 761 

Chondromyces, 1037 
Clostridium, 776, 778, 783, 803, 809, 
810,816,816,817,818, 820,821, 822 
Granulobacter, 826 
Micrococcus, 271, 276 
Mycobacterium, 890, 891 
Myxococcus, 1042, 1043 
Plectridium, 823 
Podangium, 1035 
Polyangium, 1030 
Pseudomonas, 105, 145 
Slreptomyces, 940 
Goat 

Chondrococcus, 1045, 1046 
Myxococcus, 1042 
Podangium, 1035 
Goose 

Chondromyces, 1038 
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Manure (Dung) (continued) 

Grouse 

Chondrococcus, 1045 
Guano 

Bacillus, 745 
Guinea pig 
Bacillus, 734 , 736 
Hare 

Archangium, 1018,1019 
Chondrococcus, 1045, 1047 
Polyangium, 1031 
Sorangium, 1023 
Hen 

Myxococcus, 1042 
Herbivorous animals 
Micrococcus, 248 
Hog 

Vibrio, 206 
Horse 

Achromohacter, 425, 426 
Bacterium, 642, 819 
Bacillus, 733, 734, 736, 749, 754 
Caduceus, 819 
Chondrococcus, 1045 
Clostridium, 783 , 799 , 810 , 813 , 814, 
815, 821 

Flavobacterium, 441, 442, 822 
Myxococcus, 1042 
Podangium, 1035 
Sorangium, 1023 
Streptococcus, 337 
Liquid 

Sardna, 290, 291 
Spirillum, 216 
Vibrio, 204 , 206 
Mouse 

Mycobacterium, 890 
Mycococcus, 1042 
Podangium, 1035 
Mouse, field 
Chondrococcus, 1045 
Muskrat 

Angiococcus, 1048 
Parrot 

Miyagawanella, 1117 
Rabbit 

Archangium, 1018, 1019, 1020 
Chondrococcus, 1045, 1046 
Chondromyces, 1038 
Melittangium, 1034 


Methanobacterium, 646 
Myxococcus, 1042, 1044 
Podangium, 1035 

Polyangium, 1026,1027,1030,1031 
Sorangium, 1022, 1023 
Synangium, 1033 
Robin 

Bacillus, 756 
Stable 

Bacillus, 631 
Stoat (Ermine) 

Streptococcus, 323 

Mice 
Blind gut 
Fusiformis, 583 
Blood 

Bacillus, 647 
Hemophilus, 589 
Spirochaeta, 1068 
Spirillum, 215 
Erythrocytes 
Dwarf mice 
Eperythrozoon, 1113 
Erythrocytes 
Multimammate mice 
Grahamella, 1110 
Erythrocytes 
Peruvian mice 
Grahamella, 1111 
Erythrocytes 
White mice 
Eperythrozoon, 1112 
Haemc^artonella, 1105,1106 
General 

Bacillus, 816, 817, 825, 826 
Clostridium, 820, 826 
Erysipelothrix, 411 
Haemobartonella, 1104 
Pasteurella, 549, 550, 551 
Salmonella, 503 
Lungs 

Hemophilus, 589 
Miyagawanella, 1118 
Middle ear 

Coccobacillary bodies of Nelson, 1294 
Spleen 

Hemophilia, 689 

Mice, Diseases of 
Anthrax 
Bacillus, 720 
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Mice, Diseases of {continued) 

B rone hopne umonia 
MiyagawaneUot 1118 
Cancerous ulcers 
Spirochaeia, 1074 
Cheesy masses in lung 
Corynebacteriunij 390 
Epizootic in Japanese waltzing mice 
Bacillus, 751 
Gangrene 
Streptococcus, 342 
Joints, infected of white mice 
Corynebacterium, 402 
Mouse typhoid 
Salmonella, 503 
Plague in field mice 
Bacterium, 682 

Pleuropneumonia-like disease, 1293 
Pneumonitis 
Miyagawanella, 1118 
Q (Queensland) fever 
Coxiella, 1093 
Septicemia 
Corynebacterium, 390 
Septicemia in white mice 
Erysipelothrix, 390 
Tuberculosis, avian 
Mycobacterium, 881 
Tumors, breast 
Spirochaeia, 1068 

Milk and Cream 
Cream 

Bacterium, 602 
Leuconostoc, 348 
Micrococcus, 280 
Pseudomonas, 98, 700 
Streptococcus, 337, 339, 340, 343 
—, bitter 
Micrococcus, 265 
—, rancid 
Alcaligenes, 416 
—, ripening 
Achromobacier, 423 
Micrococcus, 274, 280 
sour 

Flavdbaclerium, 440 

Milk 

Achromobacier, 421, 423 , 425, 427, 
609 

Acuformis, 812 
Actinomyces, 974 


Aerobacier, 456, 457 
Alcaligenes, 416 
Aromabacillus, 735 
Bacillus, 644 , 647 , 648, 649, 653, 654, 
660, 662, 668,672, 712, 717, 721,726, 
730, 731,733, 734,736, 737, 738, 741, 
742, 743, 744,745, 746, 748, 751,752, 
753, 755, 757, 758, 813, 814, 815, 
818, 824 

Bacteriu7n, 601, 602, 604, 674, 675, 
679, 680, 681, 684, 687, 760, 761, 762 
Brucella, 561 
Chromobacterium, 694 
Clostridium, 770, 773, 791, 820, 824 
Corynebacterium, 390, 406 
Escherichia, 447 

Flavobacteriiun, 435, 440, 442, 611 
Galactococcus, 250 
Granulobacillus, 824, 826 
Lactobacillus, 352, 353, 355, 356, 357, 
358,359, 361, 363, 364 
Leuconostoc, 347, 348 
Microbaclerium, 371 
Micrococcus, 238 , 239 , 240, 241, 243, 
251, 252 , 253 , 254 , 255, 256, 257 , 258, 
259, 262, 263, 264, 265, 266, 267, 
268, 273 , 274 , 278, 279 , 280 
Mycobacterium, 879 
Paraplectrum, 825 
Plocamobactej'ium, 691 
Propionibacterium, 373 
Pseudomonas, 99, 100, 101, 145, 149, 
179, 700 

Sarcina, 290, 292 
Serratia, 481 

Streptococcus, 316, 320, 322, 323, 325, 
326,327,328,334, 335,336, 337, 339, 
342, 344 
—, curdled 
Micrococcus, 262 
—, pasteurized 

Bacillus, 721, 730, 733, 735, 755 

Conjnebacteriwn, 406 
Lactobacillus, 355, 363 
Micrococcus, 255 
Pseudomonas, 101 
—, pasteurized skim 
Micrococcus, 255 
—jK)wdered, see Dairy Products 

—, raw 

Corynebacterium, 390, 406 
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Milk and Cream (continued) 
Milk, red 
Sarcina, 293 
—, skim 

Micrococcus, 237 
—, sterilized 

Bacillus, 748, 750 

Mineral Sources 
Arrowhead, African 
Clostridium, 786 
Arrowheads, poisoned 
Bacillus, 826 
Concrete, corrosion of 
Thiobacillus, 81 
Coprolite 

Thiobacillus, 80 
Cutting compound 
Pseudomonas, 95 
Iron ore, swamp 
Siderococcus, 835 
Lignite, fossil from 
Micrococcus, 266 
Oil-bearing rocks 
Desulfovibrio, 209 
Oil, lubricating 
Bacillus, 756 
Oil-soaked soils 
Bacillus, 663 
Bactenum, 682 
Pseudomonas, 95 
Oil wells 
Desulfovibrio, 208 
Paint, fresh in greenhouses 
Chromobacterium, 233 
Rocks 

Thiobacillus, 80 
Rocks, oil-bearing 
Desulfovibrio, 209 
Micrococcus, 271 
Salt, see Salt 
Salts, Rochelle 
Micrococcus, 260 
Tartrate 
Micrococcus, 260 
Walls, cellar 
Spirochaeta, 1053 
Walls, damp in cellars 
Bacterium, 688 
Micrococcus, 255, 277 


Walls, damp in mines 
Micrococcus, 255 
Walls, w’ine cellars 
Streptococcus, 340 

Mollusca, Common Names 
Cephalopod 
Pseudomonas, 112 
Vibrio, 202 
Clam, intestine 
Bacterium, 632 
General, crystalline style 
Crislispira, 1055, 1056, 1057 
Mussel 

Bacillus, 661, 663 
Crislispira, 1055, 1056, 1057 
Vibrio, 203, 207 
Oysters 
Inflabilis, 813 
Salmonella, 532 
Saprospira, 1054, 1055 
Spirillum, 215, 217 
—, crystalline style 
Crislispira, 1055, 1056 
Scallop 

Crislispira, 1056 
Squid, intestine 
Bacterium, 632 

Mollusca, Scientific Names 
Anodonta cygnea, 1055 
Anodonta mutahilis, 1055, 1057 
Cardium edule, 203, 207 
Cardium papillosum, 1056 
Chama spp., 1056 
Gastrochaena duhia, 1056 
Lima spp., 1056 
Loligo edulis, 636 
Loligo pealeii, 632 
Maclra sulcataria, 1056 
Mustelus mustelus, 632 
Mytilus edulis, 661, 663 
Ostrea edulis, 1056 
Ovalipes ocellaixts, 632 
Pachalabra moesira, 1056 
Pecten jacobaeus, 1056 
Pholadis dactyli, 635 
Pirma sp., 1074 
Rondeletia minor, 112 
Saxicava arctica, 1057 
•Sepia sp., 634 
Sepiola intermedia, 202 
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MoUusca {conlinueii 
Soltn ermSf 1057 
Spheraides maculaius, 632 
Tapes ^ussataf 1057 
Tapes laeia, 1056 
Venus mercenaria, 632 
Venus {Mereirix) castra, 1056, 1057 

Mud 

Aerobacterj 692 
Amoebacterj 849, 850 
Bacillus, 728, 741, 745, 814, 815 
Chitin-digesting bacteria, 632 
CAioroWum, 870 
Chlorockromatium, 873 
Cia(Arocys(ts, 872 

Closindium, 793. 795, 803, 820, 824, 
825 

Cylindrogloea, 874 
Lamprocysiis, 848 
Methanococctis, 248 
Micrococcus, 258, 276 
Peloehromaiium, 859 
Pelodictyon, 871, 872 
Pseudomonas, 698 
Rhabdomonas, 854, 855 
Rhodopseudomonas, 864, 865, 866 
Rhodothece, 855 
5or«na, 286, 287 
Thiobacillus, 78, 79, 81 
Tkiocapsa, 845 
Thiocystis, 847 
Tkiodictyon, 846 
Thiopedia, iiZ 
Thiopolycoccus , 850 
Thiosarcina, 843 
Thioapinllum, 851, 852, 853 
Thiothece, 846 

black (fresh, brackish and sal t water) 
Melhanococcus, 248 
Streptococcus, 337 
Urdtacterium, 691 
—, canal 

Metkanobacterium, 646 
”“i containing sulfur 
Achromatium, 999 
Actinomyces, 973 

Macromonas, 1001 

Thioploca, 994 
Thiospira, 702 
curative 


Spirillum, 212 
Mud, lake 
Leptothrix, 986 
Micromonospora, 979 
Mud, marine 
Achromatium, 999 
Ackrojnobacter, 418, 419, 421, 425 
Actinomyces, 970, 972, 974 
Bacillus, 658, 660, 661, 736, 741, 743, 
745, 748, 750,818 
Bacterium, 632 
Clostridium, 795, 820, 821 
Desulfovibrio, 208 
Diplococcus, 694 
Flavobacierium, 430, 431, 432 
Metkanobacterium, 646 
Micrococcus, 696 
Pseudomonas, 108, 697, 698, 699 
Spirochaeta, 1053 
Thioploca, 994 
Vibrio, 703 

Muddy bottom, brackish waters 
Spirillum, 215 
Muddy water 
Bacterium, 688 

Oil, see Mineral Sources 

Peat 

Actinomyces, 969, 974 
Chromobacterium, 234 
llydrogenomonas, 78 
Thichacillus, 81 

Petroleum, sec Mineral Sources 

Pigs, see Hogs 

Phosphorescent Bacteria 
Achromchacter, 634 
Bacillus, 635 
Bacterium, 633, 634, 635 
Pseudomonas, 111, 112,147 
iSarcfno, 637 
Vibno, 203 

Phosphorescent Materials 
Amphipod, dead. 111 
Fresh water shrimp, 636 
General, 702,703 
Luminous cephalopod, 112, 202 
Luminous cuttle fish, 634 
Luminous squid, 636 
Luminous fish, 633, 634, 635, 636, 637 
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Plant Disease Attacking 
Acer macrophilum, 113 
Acer spp., 113, 165 
Aesculns iurbinala, 165 
Agaricus campestn's, 128,129 
Agropyron repens, 116 
Agropyron smithii, 395 
Aleuritis fordi, 131 
Allium cepa, 136, 146, 740 
Amaranthus spp., 178 
Amorphophallus knojac, 171 
Ananas comosus, 127, 128 
Ananas sativus, 472 
Antirrhinum majus, 167 
Apium graveolens, 122 
Arctium lappa, 168 
Aster ckinensis, 477, 738 
Astragalus sp., 139 
Avena sativa, 113, 116 
Avena spp., 162, 163 
Begonia spp., 155 
Berberis ihunbergerii, 116 
Berberis vulgaris, 116, 155 
Beta vulgaris, 144,468,478,613,639,663 
Bcnrlesia septentrionalis, 125 
Brassica rapa, 136 
Bromus inermis, 116 
Calendula ojjicinalis, 133 
Canna indica, 171 
Capsic^im annum, 164, 740 
Capsicum spp., 120 
Carnegiea gigantea, 468 
Castanea spp., 138 
Ckaetochloa lutescens, 142 
Cichorium uitybus, 125, 134 
Cickorium spp., 133, 134 
Cissus japonica, 134 
Citrus spp., 156, 178 
Coffea arabica, 639 
Corchorus capsularis, 164 
Corylus colurna, 139 
Corylus, spp., 157 
Cucumis sativus, 117 
Curcurbitaceae, 468 
Cuminum spp., 121 
Dactylis glotnerata, 394 
Dahlia sp., 473 
Daucus carota, 136 
Daucus carota var. saliva, 166 
Delphinium spp., 115, 134, 696 


Dandrobium sp., 613 
Diantkus caryophyllus, 137, 143 
Dianthus sp., 639 
Dieffenbachia picta, 157 
Dolichos lablab, 160 
Dracaena fragrans, 157 
Edgeworthia chrysaniha, 478 
Eriobotrya japonica, 144 
Erodium texanum, 122 
Eugenia latifolia, 399 
Euphorbia pulcherrima, 399 
Fraxinus spp., 132 
Gardenia jasminoides, 136, 696 
Geranium spp., 160, 167 
Gladiolus spp., 118, 130, 168, 478 
Glycine max, 131, 132 
Glycine sp., 160, 161 
Gossypium spp., 160 
Gossypium sp., 471, 477, 745 
Gypsophila paniculata, 230 
Hedera helix, 166 
Helianthits dehilis, 141 
Holcus sorghum, 143, 754 
Holcus spp., 158 

Hordeum viUgare, 113,116,162,163,740 
Hyadnlhus orientalis, 152 
Ipomoea batatas, 136, 739 
Iris spp., 118, 140, 147, 639 
Juglans spp., 159 
Koelranieria paniculata, 165 
Lactuca sativa, 114, 115, 125, 126, 129, 
134, 153, 154, 746 
Lactuca sativa var. angustata, 168 
Lactuca scariola, 154 
Lalhyrys odoratus, 477 
Lens esculenta, 141 
Lespedeza spp., 159 
Levisticum officiate, 141 
Ligustrum japonicum, 128 
Lupinus polyphillus, 160 
Lupinus sp., 747 
Lychnis sp., 639 

Lycopersicon escvlentum, 145, 164, 747, 
757 

Lycopersicon lycopersicum, 112, 138 
Mangifera indica, 475 
Manihotus sp., 466 
Manihotus tUilissima, 170 
Marlynia louisiaiui, 112 
Matihidla incana, 158 
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Plant Disease Attacking {continued) 
Maithiola mcana var. annua, 122 
Medicago saliva, 165, 393 
Medicago sp., 118 
Milletia fioribunda, 466 
Morus sp., 135 
Musa sapienium, 140, 169 
Nerium oleander, 133 
Nicotiana tabacum, 114, 124, 127, 130, 
138,167 

Odonioglossurn ciirosmum, 751 
Oka sp., 132 
Oncidium krameriani, 145 
Onddium sp., 640 
Oryza saliva, 169 
Panax quinquefolium, 131 
Panicum miliaceum, 144, 169 
Papaver rkoeas, 165 
Passifiora edulis, 138 
Pelargonium spp., 122 , 160 
Petasites japonicus, 142 
Petasiies sp., 142 

Phaseolus vulgaris, 119, 127, 131, 160, 
161, 747 

Phleum pratense, 703 
Phormium ienax, 166 
Pinus halepensis, 640 
Piper heile, 130 
Pisum sativum, 119, 138, 747 
Pisum sativum var. arvense, 119 
Plantago lanceolata, 161 
Polygonum convolvulus, 140 
Populus spp., 123,751 
Primula polyantha, 114,115 
Primula spp., 114 
Protea cynaraides, 170 
Prunus spp., 123, 153 
Pseudotsuga taxifolia, 231 
Pueraria kirsuta, 119 
Rhododendron ferrugineum, 639 
Ricinus communis, 131,162 
Rosaceae, 465 
Rubus spp., 229 

Saccharum officinarum, 121 , 124, 163, 
171, 472, 473, 639, 753 
Soliz alba, 467 
Saliz spp., 144, 746 
Saponaria, 639 

Seeale cereale, 116, 162, 168, 740 
5e«amum, 763 
SeUxria iialica, 126 


Soja max, 131, 132 

Solanum tuberosum, 129, 138, 757 

Stizolobium d€eringianiu7u, 135 

Taraxacum kok-saghz, 170 

Thea sUicnsis, 756 

Trifolium pratense, 141 

Trifolium spp., 757 

Triiicum aestivum, 116, 121, 4(K) 

Triticum sp., 162, 163, 740 

Ulmus sp., 142, 472 

Viburnum spp., 135 

Vida faba, 136, 130 

Vigna sinensis, 703 

Vigna sp., ICO 

Fiiis sp., 145, 276, 466, 478, 758 
Fi/is vinifera, 639 
Washingtonia fillfera, 697 
Zea mays, 472 
Zingibar offidnalc, 171 

Plant Diseases 
Alfalfa 

Leaves of, 165 

Stem and leaves, brown lesions, 118 
Vascular patliogen, 393 
Aloes, 758 
Amaranthus, 178 
Antirrhinum 
Leaf spot, 167 
Apples 

Blister spot, 697 
Blisters and rough bark, 124 
Canker, 640 
Fire blight, 465 
Hairy root of, 229 
Rot of, 141 
Apricots, 153 
Arrowwood 

Angular leaf 8ix)t and stem lesions, 
135 

Ash 

Cankers, 132 
Asparagus lettuce 
Leaf spot on, 168 

Aster, 477 
Aster, China, 738 
Astragulus 
Black leaf spot, 139 
Bananas, 613 
Black rot, 140 
Blood disease of, 109 
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Plant Diseases {conlbiued) 
Barberry 

Leaves and twigs, 116 
Barley, 116, 740 
Leaf streak, 113 
Leaves and seed of, 162, 163 
Bean 120, 131, 160, 161,341 
Blighted leaves and stems, 127 
Halo blight, 119 
Wilt, 399 

Bean, Broad, 136, 139 
Castor oil, 131 
Leaf spot, 162 
Hyacinth, 160 
Kidney, 747 
Soy, 131, 132, 160, 161 
Spotted, 127 
Velvet 

Leaf spot, 135 
Windsor, 136, 139 
Beets 

Gall on, 154 
Leaves, 114 
Vascular rot, 144 
Beets, Sugar 
Gall on, 154 
Begonia 
Leaf spot, 155 
Betel vine 
Leaf spot, 130 
Bindweed, Black 
Diseased leaves, 140 
Bird’s nest fern 
Leaf blight, 696 
Blackberries, 229 
Bowlesia 

Water-soaked spots of, 125 
Brome-grass 
Water-soaked spots, 116 
Broom corn 
Lesions, 143 
Burdock 

Leaves and petioles of, 168 
Cabbage, 117 
Black rot, 155, 156 
Soft rot, 471, 474, 477 
Cactus, 613 
Rot, 477 
Calla Uly 
Soft rot, 474 


Canna 
Leaves, 17 
Cantaloupes 
Wilt, 468 
Carnations 
Leaves, 640 

Root and stalk disease, 137 
Water-soaked lesions and leaves, 143 
Carrots, 136 
Leaves, 166 
Rot, 468 
Soft rot, 471 
Cassava 

Necrotic lesions of leaves, 466 
Wilt disease, 170 
Cauliflower 
Black rot of, 155, 156 
Leaves, 117 
Soft rot, 474 
Celery 
Leaves, 122 
Rot, 639 
Soft rot, 471 
Cherries, 120 
Chestnut 
Canker, 640 

Water-soaked spots on leaves, 138 
Chrysanthemum 
Fasciated growth, 395 
Citrus, 120 
Canker of, 156 
Citrus fruits 
Spot disease, 475 
Clover, 757 
Clover, red 
Root rot, 141 
Corn, Field 
BUght, 457 

Stalk rot, 124, 125, 472 
Cotton, 477 
Angular leaf spot, 160 
Boll rot, 745 
Root rot, 471 
Stem and boll lesions, 16 
Cow peas, 120, 161, 703 
Cricket bat willow 
Watermark disease, 46" 

Cucumber 
Leaves, 117 
Soft rot, 471, 474 
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Plant Diseases {conlviued) 
Cucumber (continued) 
Wilt, 468 
Cumin 


Blighted, 121 
Dactylis glmnerata 

Slimy heads, 394 
Dahlia 

Tuber and stem rot, 473 
Delphinium 

Black spot on leaves, 115 
Douglas hr 

Galls on, 231 
Dill 

Blighted, 121 
Egg Plant 

Soft rot, 471,474 
Elms, 279 

Dark discoloration of wood, 142 

Wet wood, 472 
English walnut 

Black spot of leaves and nut, 159 
Eugenia laiifolia 

Witches’-broom, 399 
Fig 

Blight, 640 
Filbert trees, 157, 640 
FUx 

Leaf stripes, 166 
Foxtoil, 142 
French endive 


Rot, 126, 134 
Gardenias, 696 
General, 89, 344 
Leaf spot, 136 
Geranium 

Fasciated growth, 395 
Galls on, 228, 229, 230, 231 
General, 167 
Leaf spot, 160 
Giant cactus 


Rot, 468 
Ginger 

Sprout rot, 171 
Ginseng 

Root rot, 131, 477 
Gladiolus, 118,478 
Gummy lesions on leaves, 168 
Tubers, conn rot, 130 
Grapes, 146, 466, 478, 639, 758 
Grapevines, 276 


Grasses, 142 
Hazelnut, Turkish 
Leaves and stems of, 139 
Heron's bill 
Leaf spot, 122 
Horse-radish, 164 
Black rot of, 155,156 
Root rot, 477 
Hyacinth 
Soft rot, 471 
Yellow rot, 152 
Iris, 118, 140, 147 
Blight on leaves, 639 
Brown leaf spot, 140 
Soft rot, 177, 471 
Italian millet 
Brown stripe, 126 
Ivy 

Leaves, 166 
Ivy, Japanese 
Black spot on leaves, 134 
Johnson’s grass 
Leaf stripe, 171 
Jute 

Water-soaked to brown spots 
leaves, 164 
Konjac, 171 
Kudzu vine 
Halo blight, 119 
Larkspur 

Bacterial blight, 696 
Rot, 134 
Lentils 
Root rot, 141 
Lettuce, 154, 158, 746 
Leaves, 114,115 
Marginal lesions, 126 
Root disease, 129 
Rosette disease, 129 
Rot, 125,134 
Lettuce, wild, 154 
Lilac, 120 
Lily 

Brown spots on bulbs, 477 

Loquat 
Bud rot, 144 
Lovage 

Spot on leaves, 141 
Lucerne 
Root rot, 141 


on 
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Plant Diseases {conlinued) 

Lupine, 161, 747 
Maize, see Corn 
Mango, 475 
Maple 
Leaves, 165 
Maple, large leaf 
Leaves, 113 
Marigolds, 133 
Millet 

Leaf stripe, 144 
Leaves, sheaths and culms, 169 
Mulberry 
Blight, 135 

Mushrooms, cultivated 
Brown spots on, 128 
Muskmelon 
Soft rot, 471 
Wilt, 468 
Nasturtium 
Leaves, 114 
Oats 

Black chaff, 162, 163 
Galls, 133 
Halo spot, 116 
Leaf blight, 116 
Leaf streak, 113 
Olive, 761 

Galls and tubercles, 132, 750 
Onions, 740 
Bulb rot, 136, 146 
Rot, 146 
Soft rot, 471 
Orange 

Canker of, 156 
Orchid, 145, 640, 759 
Papaya, 478 
Paris daisy 
Galls, 228 
Parsnip 

Soft rot, 471,474 
Passion fruit 
Leaves and fruit, 138 
Peaches, 153 
Pear 

Blossom blight, 129, 130, 134 
Canker, 640 
Fire blight, 465 
Peas, 747 

Diseased seeds, stems and pods, 138 


Peas, field 

Water-soaked lesions, 119 
—, garden 

Water-soaked lesions, 119 
Pelargonium 
Leaf spot, 160 
Peppers, 120 
Leaf wilt, 740 
Soft rot, 471 
Spotted fruit, 164 
Petunia 

Fasciated growth, 395 
Pine 

Galls, 640 
Pineapples 
Brown rot, 473 
Rot, 127, 128 
Planiago spp. 

Leaves, 161 
Plum 

Cankers, 123 
Plum, Japanese, 153 
Poinsettia 

Canker of stems and leaf spots, 399 
Poplar 
Cankers, 123 
Galls on branches, 751 
Poppy 

Black spots on leaves, buds and pods, 
165 
Potatoes 
Black leg, 469 

Black rot of stem and tuber, 469 
Blight and rot, 342 
Brown rot, 138 
Dark colored stem, 968 
Dry rot, 259 
Leaves, 757 
Ring rot, 393 
Rot, 129, 138, 293, 468 
Scab 958, 968, 969, 970, 971, 972, 973, 
974 

Soft rot, 471,474,477 
Tubers, 640 
Primrose 

Leaf spot, 114,115 
Privet, Japanese, 128 
Proso millet 

Leaves, sheaths and culms, 169 
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Plant Diseases {continued) 

Protea 

Leaf spot, 170 
Pumpkin 
Wilt, i68 
Hadishes 
Leaf spot, 164 
Rot, 468 

Soft rot, 471, 474 
Raspberries, 229 
Galls on canes, 229 
Rhubarb 
Crown rot, 476 
Rice 

Leaf blight, 169 
Russian dandelion 
Root rot, 179 
Rutabagas 

Black rot of, 155,156 
Rye, 740 

Black chaff, 162,163 
Leaf blight, 116 
Salsify 
Soft rot, 474 
Sesame, 753 

Brown spots on leaves and stems, 128 
Soft rots, 640 
Solanaceous plants 
Brown rot, 137, 138 
Sorghum, 764 
Leaf stripe, 171 
Lesions, 143 
Rot, 750 

Streak disease of leaves, 158 
Sorgo 

Lesions, 143 
Squash 

Leaf spot, 167 
Wilt, 468 

Stock, flowering, 168 
Vascular disease, 122 
Sugar beet, 114,477, 639 
Curly top, 663 
Rot, 468 
Soft rot, 613 
Sugar cane 

Bacterial gummosis, 163 
Leaf scald, 639 
Mottled stripe, 170 
Red stripe, 154 
Sereh, 763 


Soft rot, 472,473 
Stalk rot, 124, 125 
Stinking rot, 121 
White stripe, 639 
Sunflower, 141 
Sweet peas, 477 
Fasciated growth, 395 
Sweet potato, 136, 949, 958 
Rot, 739 
Tea, 756 
Timothy grass 
Streak disease, 703 
Tobacco, 167, 477 
Angular leaf spot, 114 
Black rust, 124 
Brown rot, 137, 138 
Collar rot, 477 
Fasciated growth, 395 
Leaf spot, 127, 477, 639 
Rusty spot on leaves, 130 
Wildfire, 124 
Tomatoes, 747, 757 
Bacterial canker, 394 
Blossom end rot, 477 
Brown rot, 138 
Leaves, 113 
Rot, 468, 640 
Soft rot, 471, 474 
Spotted fruits, 164 
Tung oil tree, 131 
Turnips, 136 
Leaf spots, 164 
Soft rot, 471, 474 
Unicorn plant 
Leaves, 112 
Vanilla vine, 640 
Walnut 

Black spot of leaves and nuts, 160 
Washington palm, 697 
Wheat, 279, 639 
Basal glume rot, 121 
Black chaff of, 162, 163 
Leaf blight, 116 
Slimy heads, 400 
Wheat grass 
Slimy heads, 395 
Willow, 746 
Wilted branches, 144 
Winter cress 

Black rot of leaves and stems, 165 
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Plant Diseases {continued) 

Wisteria 
Canker, 640 
Wisteria, Japanese, 

Gall, 466 

Plant Sources 
Ahri precatorii, 672 
Alepecurus pralensis, 738 
Algae, 218, 366 
Ahnus spp.j 944, 968 
Aquatic plants, 672 
Arachis hypogasa, 681 
Asparagus infusions, 262 
Aucuba japonica, 146 
Bark, covered with lichens, 1035 
Bark, decaying, 1042 
Bark, old, 1045 
Bark, poplar, 1026, 1031 
Bark, wet, 1026, 1030 
Barley, 679 

Bean infusions, 218, 262, 264, 268, 271, 
273, 277, 750 

Beans, purple discoloration salted, 109 
Beer wort, 146 
Beet juice, 657 
Beet juice, fermented, 189 
Beets, 825 
Fodder, 100 
leaves, 752 
Rotting, 250 
Bladderwort, 671 
Boletus edvlis, 254 
Brewer's grain, 744 
Cabbage, 456, 750 
Cacao beans, 951 
Carrot, slices of, 758 
Cherry trees, gum, 754 
Cladophoraj 1032 
Clematis, stem of, 1042 
Corn, 759, 760, 761, 781, 825 
Grains soaked in water, 148 
Seedlings, 281 
Stalks, 825 
Cotton husks, 222 
Decaying vegetation, 989 
Decomposing leaves, 618 
Digitalis infusions, 262, 263 
Elodea, leaves, 259,833 
Epiphytes, 833, 834 


Flax, retting, 803, 807, 814, 819, 822, 
823, 824 

Flour, 281, 291, 292, 293, 294 
Flour pastes, acidified, 287 
Fodder, 733, 737, 750, 755 
Green, 750, 755 
Fruits, 694 
Fungi, 254, 689 
Fungi, old, 1037 
General, 455, 712, 717 
Grains, 281, 455, 460, 602, 654, 721, 751, 
774, 824, 825, 826, 916, 935, 967, 968, 
969, 970 

Grains, ground, 733, 736, 751 
Grapes, Spanish dried, 624 
Grapes stored in sawdust, 756 
Grass, 370, 749, 973 
Green algae, fresh water, 834 
Hay, 602, 734, 740, 890, 957 
Clover, 173 
Heating of, 740 

Hevea hrasiliemis, 256, 260, 273, 284, 
416 

Hibiscus, Retting, 263,813,815,819 
Hibiscus, stamens and pistils of, 258 
Ipomoea sp., 949, 958 
Jequirity seed, 672 
Kelp, 970 

Kenaf, retting of, 263, 813, 815, 819 
Latex, 256,260,273,284,416 
Lathyrus spp., 225 
Leaves, 173, 1046 
Indigo plant, 659 
Pitcher plant, 655,668 
Sundew,653 
Legiunes, 824 
Lens 8pp., 225 
Lichens, 1045 
Decaying, 1031 
Litmus solution, 743, 757 
Liverworts, 1020 

Lupine, 226, 656, 657, 661,663, 678, 689 
Maize, see Com 
Maple sap, 664 
Slimy, 456 

Marine algae, 200, 627, 642, 692, 697, 

698, 702, 703, 1016 
Acanthophora spicifera, 703 
Cladophoropsis sp., 702 
Gracilaria blodgettii, 697 
Graeilana cmjervoides, 702, 703 
Iridaea eordala, 629, 6^ 
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Plant Sources {continued) 

Marine algae {continued) 

Laurencia poitei, 702 
Nercocystis luetkeana, 629, 630 
Odonthalia kamischatica, 628 
Porphyra perforata, 630 
Marine phytoplankton, 421, 703 
Meadow plants, 749 
Meal, cotton seed, 689 
Medicago spp., 227 
Melilotus spp., 227 
Melon rind, 1037 
Myrica, 972 
Nodules on roots of 
Alfalfa, 227 
Beans, 225 
Clover, 226, 489 
Coffee, 639 
Fox grass, 738 

Legumes, 650, 656, 657, 661, 663, 678, 
689 

Lentils, 225 
Lupine, 226 
Pea, 225 
Soybeans, 226 
Sweet clover, 227 
Vetch, 225 
i^ymphaea, 833 
Oranges, 825 
Ornitkopus spp., 226 
Pararubber tree, 416 
Parasitic on lichens, 1035 
Peanut plant, 681,690 
Peas, 751 
Pelargonium, 167 
Persimmons, dried, 679,694 
Phaseolus spp., 225 
Pine bark, 677 
Plant dust, 889 
Poison ivy, 279 
Poison bn arrowheads, 826 
Poplar trees, bark, 259, 272 
Potamogeton natans, 834 
Potatoes, 264, 269, 781.825 
Internal rust spots, 98 
Ilotten, 491,738, 1074 
Rhus spp., 279 
Rico, 825 

Hulls, 222 

Paddies, 676 

Root nodules, see Nodules on legumes, 
etc. 


Roots of alder, 944, 968 
Roots of Myrica, 972 
Rotting vegetables, 654 
Rotting wood, 146, 211 
Rubber tree, latex of, 256, 260, 273, 284 
Sagittaria, 833 
Saltnnia, 833 
Sauerkraut, 146 
Saw dust, 210, 211 
Seaweed, see Marine Algae 
Rotting, 680 

Seeds, germinating, 678,679 
Serradella spp., 226 
Snakeroot infusions, 263 
Sofa max {Glycine max), 226, 292 
Sorghum, 253 
Soybean mash, 292 
Sphagnum moss, 344 
Spirogyra sp., 834 
Straw, 271, 602, 935, 980 
Old. 1037 
Strawberries, 422 
Sugar beet, 748 
Sugar cane, roots, 825 
Surfaces, 484 
Timothy grass, 890 
Tobacco, 674 , 677, 680, 682, 683, 685, 
686, 687, 690, 694 
Tomato juice, 713 
Rotted, 491 
Trifolium spp., 226 
Trigonella spp., 227 
Utricularia vulgaris, 671 
Vegetable fibers, disintegrating, 210 
Vegetable infusions, 147, 148, 277, 278, 

280 

Vida spp., 225 
Watermelon, decayed, 748 
Wheat bran, 287 

Wood, old, 1037 ^ 

Rotting, 728, 736, 745, 747, 758. 1037 

Wet, 1026,1030 
Yeast mash, 146 
Zoster marina, 1002 

Poultry Diseases, see Birds 

Protozoa, Common Names 
Flagellate ectoparasite 
Fusiformis, 583 
Treponema, 1075 
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Protozoa, Scientific Names 
Descovina sjpp., 583 
Devescovina hilH, 1075 
Euglena deses, 1121 
Lophomonas striata, 694 
Paramoecium aurelia, 1122 
Paramoecium caudatum, 1122 
Pelomyxa palmtris, 1123 
Polymastix legeri, 694 
Polymaslix melolonthae, 694 
Trichomonas batrachorum, 1123 
Trichonympha chattoni, 1121 
Trichonympha corbula, 1121 
Trickonympka peplophora, 1121 
Trichonympha spp., 1121 

Putrefying Materials 

Blood 

Bacillxis, 817 

Streptococcus, 340, 341, 343, 344 
Bones, macerated 
Bacterium, 683 
Eggs, rotten 
Bacillus, 657 
Egg white 
Bacillus, 654 
Fish 

Bacillus, 671, 814 
Clostridium, 821 
—, luminous 

Bacterium, 633, 634, 635, 636, 637 
—, spoiled semi-dried 
Flavobacterium, 694 
Game birds 
Bacillus, 817 
Clostridium, 796 
Gelatin, spoiled 
Bacillus, 756 
General 

Bacterium, 607, 608, 609, 610 
Pseudomonas, 97 
Spirillum, 214, 216, 217 
Streptococcus, 330 
Ham, sour 
Clostridium, 784 
Infusions 
Bacillus, 816 

Manure, see Manure (Dung) 

Meat 

Bacillus, 813,816,818,825 
Clostridium, 788, 796, 800, 821, 826 


Diplococcus, 309 
Micrococcus, 256 
Proteus, 488, 489 
Ristella, 576 
Meat infusions 
Micrococcus, 254 
—, luminous, 633, 635 
Milk 

Bacillus, 824 
Pork, macerated 
Clostridium, 783, 802 
Sulfur stinker spoilage, canned goods 
Glostridium, 803 

Rabbits 

Blood 

Bacillus, 818 
Spirochaeta, 1069 
Brain 

Flavobacteriurn, 437 
Erythrocytes 
Eperythrozoon, 1113 
Eye, Descemet’s membrane 
Rickettsia, 1091 
—, endothelial cells 
Rickettsia, 1091 
General 

Micrococcus, 271 
Salmonella, 513, 514, 521 
Streptococcus, 338, 339 
Vcillonella, 304 
Kidney 

Corynebacterium, 405 
Liver 

Spirochaeta, 1065 
Lungs 

Bacillus, 647 
Mouth cavity 
Veillonella, 303 
Nasal mucosa 
Zuberella, 578 
Not pathogenic for 
Johne’s disease 
Mycobacterium, 881 
Tuberculosis, amphibian 
Mycobacterium, 885 
Tuberculosis, bovine 
Mycobacterium, 879 
Tuberculosis, human 
Mycobacterium, 878 
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Tuberculosis, piscine 
Mycobacterium, 883, 884 
Tuberculosis, snake 
Mycobacterium, 88G 
Red blood cells, see Erythrocytes 
Stomach contents 
Actinomyces, 974 
Viscera 
Bacillus, 818 

Rabbits, Diseases of 
Abscess, liver 
Aerobacter, 456 
Abscesses, skin 
Hemophilus, 589 
Neisseria, 301 
Actinomycosis 
Actinomyces, 928 
Anthrax 

Bacillus, 663, 720 
Streptococcus, 338 
Blood of diseased rabbits 
Clostridium, 820 
Micrococcus, 272 
Brucellosis 

Brucella, 661, 562, 563 
Conjunctival folliculosis 
Noguckia, 594 
Cornea, diseased 
Micrococcus, 254 

Diphtheritic inflammation of intestine 
Corynebacterium, 402 
Endometritis 
Leptothrix, 366 
Epizootic 
Bacillus, 653 
Bacterium, 681 
Micrococcus, 261 
Erysipelas of ear 
Bacillus, 655 
Glanders 

Malleomyces, 555, 556 
Haemobartonellosis 
Haemc^artonella, 1104 
Hemorrhagic septicemia 
Pasieurella, 647,549, 550,551,552 
Infections 
Actinomyces, 928 
Corynebacterium, 403 
JVocardfa, 911 
Streptococcus, 339 
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Lesions, genitoperincal region 
Treponema, 1073 
Listeriosis 
Listeria, 409 
Lung plague 
Bacterium, 552 
Melioidosis 
Malleomyces, 556 
Metritis 

Corynebacterium, 404 
Necrosis of liver 
Listeria, 409 
Necrotic lesions 
Clostridium, 820 
Pleuritis 
Leptothrix, 366 
Pleuropericarditis 
Klebsiella, 459 
Pneumonia 
Bacillus, 647 
Pus, stinking 
Bacterium, 685 
RabieS'like disease 
Bacillus, 663 
Septicemia 
Micrococcus, 251 
Streptococcus, 317, 340 
Spirochetosis 
Treponema, 1073 
Suppuration 
Leptothrix, 366 
Syphilis 

Treponema, 1071, 1076 
Tuberculosis, avian 
Mycobacterium, 881 
Tuberculosis, human 
Mycobacterium, 879 
Tympanitis 
Bacillus, 818 
Tympanitis in young 
Bacillus, 757 

Rats 

Blood 

Leptospira, 1077 
Spirillum, 215 
—, albino rats 

Haemobartonella, 1104 
—, desert rats 
Orahamella, 1109 
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Rats {continued) 

Erythrocytes 
Grakamella, 1110 
Haemobartoyiella, 1107, 1108 
—, albino 

Haemobartonella, 1103 
— jumping 

Grakamella, 1110 
—, marsupial 

Haemobartonella, 1108 
—, white 

Haemobartonella, 1106 
Feces 

Salmonella, 504 , 512, 531 
General, gray rats 
Leptospira, 1078 
Intestine 

Catenabacterium, 368 
—, white rats 

Corynebacterium, 403, 404 
Kidneys 
Leptospira, 1077 
Large intestine 
Ristella, 567 
Middle ear 

Coccobacillary bodies of Nelson, 
1294 

Not pathogenic for 
Tuberculosis, amphibian 
Mycobacterium, 885 
Preputial glands 
Mycobacterium, 891 
Red blood cells, see Erythrocytes 
Stomach 
Spirillum, 218 
Urine 

Leptospira, 1077 

Rats, Diseases of 
Brucellosis 
Brucella, 563 
Endemic disease of 
Mycobacterium, 883 
Epizootic among white rats 
Micrococcus, 261 
General 

Actinomyces, 972 
Bacillus, 665 
Clostridium, 779 
Nocardia, 922 
Pseudomonas, 89 


Glanders 
Malleomyces, 556 
Hemorrhagic septicemia 
Pasleurella, 548, 549, 550, 551 
Hepatized lung 
Bacterium, 402 
Leprosy 

Mycobacterium, 882 
Melioidosis 
Malleomyces, 556 
Nodular lesions, Madagascar rat 
Actinomyces, 917 
Plague 
Bacillus, 663 
Pasteurella, 549 

Pleuropneumonia-like disease, 1292 
Thyroid infection 
Bacterium, 402 

Reptiles, Common Names 
Boa constrictor 
Mycobacterium, 885 
Cbuckawalla 
Bacterium, 461, 462 
Gila monster 
Pseudomonas, 92 
Serratia, 462 
Horned lizards 
Pseudomonas, 92 
Serratia, 462 
Lizards 

Actinomyces, 971 
Bartonella, 1108 
Mycchaclerium, 883, 884, 885 
Pseudomonas, 92 
Treponema, 1076 
—, gekkonid 
Serratia, 462 
—, inguanid 
Serratia, 462 
Python 

Mycobacterium, 885 
Snakes 

Mycobacterium, 886 
Salmonella, 503, 513, 524, 526, 527 
Serratia, 462 
Snakes, brown 
Serratia, 462 
— garter 

Mycobacterium, 886 
Serratia, 462 
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Reptiles {continued) 

Tortoise 
BaHonella, 1108 
Turtle 

Mycobacterium, 885, 887, 891 
—, musk 
Serratia, 462 

^ Reptiles, Diseases of 
General 

Salmonella, 513, 514, 519 
(Serratia, 462 

Lizards, contagious disease 
Serratia, 462 
—, tumors 
Bacterium, 461 
(Serratia, 462 
Snakes, blood 
Spirochaeta, 1070 
—, tuberculosis 
Mycc^acterium, 886 
—, typhoid-like infection 
Pseudomonas, 700 
Turtles, tuberculosis 
Mycobacterium, 885, 887, 891 

Reptiles, Scientific Names 
Anolis carolinensis, 462 
Anolis equestris, 462 
Brasilicus viltatus, 462 
Coluber catenifer, 885 
Bemidactylus brookii, 462 
Lacerta sp., 971 
Lacertilia sp., 1108 
Python 7nolurus, 885 
Sauromalus varius, 461 
Sternothaeris odoratue, 462 
Storeria dekayi, 462 
Tarentola mauritanica, 462 
Tasaxerus cepapi, 974 
Testudo graeca, 1108, 1111 
Thamnophis butleri, 462 
Phamnophis sirtalis, 886 
Tropidonotus stolatus, 1070 
Propidurus peruvianus, 1108 

Retting, Flax 
Bacillus, 722, 814 
Baclerium, 819 
Clostridium, 803, 807, 824 
GranulobacUr, 822, 824 
PUctridium, 823, 824 


Retting, Hemp 
Bacterium, 681 
Plectridium, 824 

Retting, Kenaf {Hibiscus) 

Bacillus, 813, 815 
Clostridium, 819 
Listerella, 409 
Micrococcus, 263 

River Water 

Bacillus, 644 , 652, m, 655, 658, 659, 
667, 693, 741, 815 
Bacterium, 601 
Chromobaclerium, 233, 234 
Clostridium, 824 
Flavc^acterium, 433, 611 
Leptothrix, 986 
il/icrococcj/s, 270, 273, 275 
Pseudomonas, 93,149, 697 
Saprospira, 1055 
•Serratia, 484, 485 
Spirochaeta, 1053, 1054 
Thiobacillus, 79, 81 
Urobacillus, 691 
Vibrio, 196, 203 
Zuberella, 577 

River Water, Name of Hivcr 
Elbe Ilivcr, 203 

Granta Iliver, Cambridge, 1053, 1054, 
1055 

Illinois Ilivcr, 484 

Mississippi Iliver, 484, 485, 601, 644 

Ohio Iliver, 601 

Rhine River, 273, 433 

Schuylkill River, 93,270,275,677,693 

Seine River, 824 

Spree River, 196, 651, 697, 986 

Zwonitz River, Chemnitz, 611 

Salt and Salted Materials 
Chromobacterium, 234 
Clostridium, 784 
Pseudomonas, 109, 110 
Brines 

Bacillus, 648, 658 
Desulfovibrio, 208 
Pseudomonas, 109, 110,147 
Sardna, 289 
Vibno, 702 



1364 


INDEX OF SOURCES AND HABITATS 


Salt and Salted Materials {continued^ 
Salted codfish, reddened 
Bacillus, 667, 742 
Flavohacieriuvi, 442 
Micrococcus, 259 
Pseudomonas, 110 
Salted fish 
Bacillus, 658 

-, red spoilage 

Pseudomonas, 110 
Salted hides 
Pseudomonas, 110 
Salted intestines (Wiener skins) 
Tetracoccus, 284 

Salted sardines, anchovies, etc. 

Vibrio, 204 
Salt ponds, red 
Pseudomonas, 110 
Salt waters, also see Sea Water 
Spirillum, 212 
Solar salt 
Pseudomonas, 110 
Risiella, 576 
Sarcina, 289 

Salt Seas and Lakes 
Dead Sea 

Flavohacterium, 441,442 
Halobaclerium, 234 
Pseudomonas, 147 
India 

Pseudomonas, 110 
Liman, near Odessa 
Urobaclerium, 691 
Russia 

Thiohadllus, 81 

Sand, see Soils 

Sauerkraut, see Fermenting and Fer¬ 
mented Materials 

Sea Water 
Acetc^acler, 692 

Achromobacier, 419, 421, 423, 424 , 425, 
634 

Bacillus, 653, 658. 660, 661, 662, 667, 
741,743,746,750,754,818 
Bacterium, 606, 625, 626, 627, 632, 633, 
635, 642, 673, 674, 675, 677, 678, 680, 
681, 683, 686 
Bacteroides, 566 
Beggiatoa, 991, 992,993 


Chromatium, 857, 858 
Clostridium, 820 
Cytophaga, 1014, 1015 
Desulfovibrio, 208 

Flavobacierium, 429, 430, 431, 432, 435, 
438, 439, 441, 631 
Leptospira, 1079 

Micrococcus, 240, 246, 254, 255, 262, 
263, 267,268, 271,695,696 
Microspira, 202 
Phoiobacierium, 636, 637 
Pseudomonas, 107, 108, 110, 111, 112, 
175, 697, 698, 699, 700 
Sarcina, 701 
Serratia, 484 
Spirillum, 217 
Spirochaeia, 1052, 1053, 1054 
Streptococcus, 330 
Thiobadllvs, 79, 81 
Thiopedia, 843 
Tkiospira, 212, 702 
Tkiothrix, 990 
Thiovulum, 1000 
Urobacterium, 691 
Vibrio, 200, 205, 703 

Sea Waters 
Ambergris 
Spirillum, 217 
Bottom sediments 
Bacterium, 627 
Flavobacterium, 631 
Brine, red 
Pseudomonas, 110 
(Sarcina, 289 

Containing rotting seaweeds 
Achromalium, 999 
Beggioloa, 991, 992 
Thiotkrix, 990 
Thiovulum, 1000 
General 

Pseudomonas, 175 
Harbor at Kiel 
Spirochaeta, 1053 
Lime precipitation 
Pseudomonas, 108 
Marine bottom deposits 

Bacillu), 739, 741, 746, 765, 756 
Micrococcus, 696 

Pseudomonas, 697, 698, 699, 700, 70 
Sarcina, 701 
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Sea Waters {continued) 

Marine bottom deposits {continued) 
Thiospiroy 702 
VibriOy 703 

Marine mud, see Mud, Marine 
Marine phytoplankton 
Bacillus y 743 
VibriOy 703 
Mussel beds 
DesulfovibriOy 207 
Submei^ed surfaces 
Bacterium, 606, 607 
Flavohacterium, 631 
Micrococcus, 696 
Pseudomonas, 697, 699, 700 
Sulfur waters 
Beggiatoa, 991, 992, 993 
Tkiopedia, 843 
Thioihrix, 990 
Tropical waters 
Pseudomonas, 108 

Sea Waters, Geographical Distribution 
Arctic Ocean, 202, 254, 255 
Australia, Elizabeth's Bay, 634 
Baltic Sea, 636 
Barents Sea, 423 

California Coast, 419, 421, 430, 43 i, 
432, 606, 607 
Denmark, Coast of, 217 
Kiel, Harbor at, 483, 1053 
Naples, Gulf of, 425,745,748 
North Pacific Coast, 175 
Norwegian Coast, 200, 626 
Pacific Coast, U. S. A. 107 
Scotland, Coast of, 741 
West Indies, 112 

Woods Hole, Massachusetts, 111, 660, 

661,750 

Sewage 

Achromobacter, 420, 427 
Bacillus, 654, 667, 670, 729, 730, 735, 
813, 814, 816, 817, 833 
Bactenum, 610,675, 685, 687, 688 
Clostndium, 788, 791312 
Besvlfovibrio, 208 
Bseherichia, 452 
Metiuxnr^aclerium, 646 
Microspira, 202, 203 
NiirobaeUr, 75 
NiiToeyslis, 75 


Nitrosogloea, 73, 74 
Pseudomonas, 89, 90, 91 
Salmonella, 529 
Sarcina, 287 
Spirillum, 203 
Thiobacillus, 79 
Urobacillus, 691 
Vibrio, 203, 204 
Drains of slaughter houses 
Bacillus, 825 
Filterable bodies, 1294 

Sewage Deposits 
Slime 

Achromobacter, 423 
Bacterium, 610, 615 
Sludge, activated 
Nitrocyslis, 75 
Nitrosocyslis, 73 
Nitrosogloea, 73, 74 
Nitrosospira, 71 
Pseudomonas, 81, 150 
Vibrio, 702 
Sludge, fermenting 
Sarcina, 287 

Sewage EfiHuents 
Achrotnobacter, 419, 426 
Ckromobaclerium, 233 
Nitrocystis, 75 

Sewage Plants 
Filter beds 
Micrococcus, 269 
Pseudomonas, 91 
Settling basin 
Clonothrix, 983 

Sheep 

Blood 

Rickettsia, 1097 
Spirochaeta, 1068 
Bronchi 

Hemophilus, 589 

Corneal or conjunctival discharges 
Colesiota, 1120 
Erythrocytes 
Eperythrozoon, 1112 
General 

Salmonella, 502, 509, 528 
Intestine 
Bacillus, 816 
Bacterium, 690 
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Sheep {continued) 

Nasal secretions 
Slreytococcus, 338 
Pancreas 

Streptococcusi 338 
Red blood cells, see Erythrocytes 
Stomach 

Streptococcus, 338 
Stomach contents 
Bacterium, 681 

Sheep, Diseases of 
Abortion 
Brucella, 561 
Salmonella, 506 
Agalactia 
Anulomyces, 1292 
Anthrax 

Bacillus, 720 
Black leg 
Clostridium, 773 
Braxy 

Bacillus, 825 
Circling disease 
Erysipelolhrix, 409 
Diarrhoea 
Bacillus, 826 
Diseased lambs 
Bacillus, 648 
Entero toxemia 
Bacillus, 826 
Eperythrozoonosis 
Eperytkrozoon, 1111 
Foot rot 

Actinomyces, 917 
Spirochaeta, 1074 
Treponema, 1076 
Gangrenous mastitis 
Micrococcus, 267 
Glanders 

' Malleomyces, 555 
Heartwater 
Cowdria, 1094 
Hemorrhagic septicemia 
Pasteurella, 549, 554 
Infections 

Corynehacterium, 402 
Rickettsia, 1095 
Streptococcus, 342 
Infectious mastitis 
Pasteurella, 554 


Keratitis 
Colesiota, 1119 
Lesions 

Actino7nyces, 916 
Listeriosis 
Listeria, 409 
Lymphadenitis, caseous 
Corynehacterium, 389 
Mastitis 

Streptococcus, 340 
Necrotic areas in kidney 
Corynehacterium, 389 
Ophthalmia, infectious 
Colesiota, 1120 
Pleuropneumonia, bovine 
Asterococcus, 1292 
Pneumonia 
Pasteurella, 549 

Purulent infections, urinary tract 
Corynehacterium, 389 
Pyorrhoea 
Leptotkrix, 366 
Sheep pox pustules 
Streptococcus, 345 
Struck 
Bacillus, 826 
Tuberculosis, bovine 
Mycc^acterium, 879 

Shellfish, see Molluscs 
Snow 

Bacillus, 735 
Bacterium, 760 
—, melting of glacial 
Pseudomonas, 145 
—, red 

Pseudomonas, 148 

SoU 

Achromobacter, 419, 423,424, 426, 622 
Actinomyces, 968, 969, 970, 971, 972, 

973, 974 
Aerobacter, 456 
Agrobacterium, 230 
Alcaligenes, 416 
Angiococcus, 1048 
Archangium, 1019 
Azotobacter, 220, 221 
Azotomonas, 222 

Bacillus, 622, 623, 631, 649, 650, 653, 
656, 660, 662, 663, 664 , 665, 666, 668, 
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Soil {continued) 

Bacillus {continued) 

669, 670, 671, 672, 711, 712, 713, 714, 
715, 717, 719, 721, 722, 723, 724, 725, 
726, 728, 729, 730, 731, 732, 733, 734, 
735, 736, 737, 738, 739, 740, 741, 742, 
743, 744, 745, 746, 747, 749, 750, 751, 
752, 753, 754, 755, 756, 757, 758, 813, 
814, 815, 816, 817, 818, 824, 825, 826, 
827 

Bacterium, 76, 407, 408, 602, 603, 613, 
614 , 615, 637 , 638 , 642 , 643 , 673 , 674, 
676, 677, 679, 682, 685, 688, 760, 761, 
762 

Bactoderma, 76 
BuiylohacteTy 825 
Cellfaldcula, 211 

CeUidomanas, 617 , 618, 619, 620 , 621, 
622 

Cellvibrio, 210, 211 
Ckondrococcusy 1045, 1046 
Chondrornyces, 1037, 1038, 1039 
Chromobacterium, 233 
Cladotkrix, 983 

Clostridium, 770, 772, 773, 774, 776, 
778, 779, 781, 782, 783 , 784 , 785 , 788, 
789, 791, 793, 794, 795, 797, 798, 799, 
800, 801,802, 809, 810, 811, 812, 819, 
820, 821, 824, 825 
Cornilia, 822 

Corynebacierium, 391, 393, 394, 396, 
397, 398, 403, 404, 407, 408 
Cytophaga, 1013, 1014 
DeniIrobacleriurn, 690, 762 
Desidfombrio, 208 
Escherichia, 449, 450, 452 
Blavobacterium, 429, 430, 436, 438, 440 
Granulobacillus, 824, 826 
Granulobacler, 822, 824 
Biblerilhts, 822 
Bydrogenomonas, 77, 78 
Byphomicrobium, 837 
Lactobacillus, 364 
^^elittangium, 1034 
^teihanobaclerium, 646 
Melhanococcus, 248 
Methanomtmas, 179 
^icTcbaclerium, 370, 371 
Micrococcus, 238, 251, 255, 270, 271, 
f5, 281, 690 
Microdcrma, 76 


Micromonospora, 979,980 
Mycchacterium, 885, 887, 888, 890, 919 
Mycococcus, 891 
Mycoplana, 191 
Myxococcus, 1042, 1043, 1044 
Nitrobacter, 74, 75, 76 
Nitrosohadllus, 690, 762 
Nitrosococcus, 71 
Niirosocystis, 72, 73 
Nilrosomonas, 70, 71, 76 
Nitrosospira, 72 
Nitrospira, 72 

Nocardia, 897, 898, 899, 902, 903, 904, 
905, 906, 908, 913, 914 
Paracolobactrum, 460 
Peciinobacler, 823 
Plectridium, 823 
Podangium, 1035 

Polyangium, 1027, 1028, 1029, 1030, 
1031, 1032 

Proaclinomyces, 923 
Propionibacterium, 376 
Protaminobacter, 190 
Pseudomonas, 90, 92, 94, 95, 97, 98, 99, 
100, 104, 105, 106, 145, 147, 149, 150, 
174, 176, 177, 179, 698, 700 
Rhodococcus, 275 
Sacchar(bacterium, 623, 624 
Sardna, 286, 287, 288, 293, 294 
Serratia, 481 

Sorangium, 1022, 1023, 1024 
Spirillum, 215, 216 
Sporocytophaga, 1048,1050 
Streptcbadllus, 823 
Streptococcus, 337, 341, 344 
Streptomyces, 935, 936, 937, 938, 939, 
940, 941, 942, 943, 944 , 945, 946, 947, 
948, 950, 951, 952, 953, 954 , 955, 956, 
957, 958 

Thiobadllus, 79, 80, 81 
Thiospira, 212 
Urobadllus, 691 

Vibrio, 199, 200, 201, 203, 204, 205, 206, 
207 

Soils 

Acid huinus soils 
Streptomyces, 966 
Adobe soil 
Actinomyces, 968 

Streptomyces, 937, 943, 946, 962, 954, 
968 
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Soils (continued) 

Black, see Mud 
Polyangium, 1028, 1029 
Compost of soil, sulfur and rock phos¬ 
phate 

Thiohadllus, 79 

Containing incompletely oxidized sul¬ 
fur compounds 
Tkiobacillus, 79 
Containing urine 
Micrococcus, 238 
Desert 

Aciinomyces, 972, 973 
Field 

Azotobacleff 220 
Bacillus, 732 
Nitrosospira, 71 
Filterable bodies, 1294 
Forest 

Bacillus, 666, 752 
Cellfaldcula, 211 
Celldbrio, 210 
Nitrosogloea, 73 
Garden 

Actinomyces, 969, 970 
Badltus, 664, 666, 669, 672, 739, 743, 
746, 750, 752, 754, 755, 815, 826 
Bacterium, 673, 685 
Clostridium, 781, 793, 798, 799, 811, 
820, 825, 826 
Corm7ia, 822 
Granulobacter, 822 
Hydrogenomonas, 78 
Lactobaclerium, 364 
Methanococcus, 248 
Micrococcus, 270 
Mycobacterium, 890 
Pseudomonas, 698 
Sardna, 286, 294 
Spirillum, 216 
Streptobadllus, 823 
Streptomyces, 936, 939, 948 
Vrobadllus, 691 
Vibrio, 203 

Greenhouse 
Nitrocystis, 75 
Humus 

Closiridium, 770 
Urobadllus, 691 
Legume 

Rhizobium, 225, 226, 227, 230 


Made soils 
Cladothrix, 983 
Manured soils 

Closindium, 776, 778, 783, 822 
Nitrogloea, 73 

Marine mud, see Mud, marine 
Mud, see Mud 

Oil-soaked soil, see Mineral Sources 
Orchard 

Streptomyces, 944, 954 
Pasture land 
Hydrogenomonas, 78 
Peat, see Peat 
Peat soils 

Actinomyces, 969, 974 
Podzol (Russian) 

Polyangium, 1029 
Potato 6elds 
Actinomyces, 971 
- Roadside 

Badllus, 671 
Sand 

Badllus, 658 
Bacterium, 685 
Sardna, 286 
—, beach 

Pseudomonas, 697, 698, 700 
Vibno, 702, 703 
—, foraminiferoufl 
Saprospira, 1054, 1066 
—, sea 

Acetobacter, 692 
Bacterium, 627, 632 
Sandy loam 
Streptomyces, 936 
Shore soils 

Chitin digesting bacteria, 632 
Sour soils 

Actinomyces, 971, 973 
Subsoil 

Streptomyces, 953 
Swamp 

Badllus, 662, 750 
Flavohacierium, 438 
Uncultivated 

Sacchar(bacterium, 623 , 624 
Upland soils 

Streptomyces, 936, 945, 948, 951, 952 

Vegetable mold 

Hydrogenomonas, 78 
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Soils {continued) 

Virgin 

Cladolhrix^ 983 
Volcanic (Martinique) 

Actinomyces, 969 

Walls, cellar and mine, see Mineral 
Sources 

Soils, Geographic Distribution of 
Antartic, 72 
Argentina, 807 

Australia, 71,897, 902, 903,905, 906, 913 
Australia, garden soil, 397 
Australia, grass land, 393, 394, 397, 
403 

Australia, red soil, 397, 398 
Austria, 77, 738 
Brazil, 71 

California, 176, 397, 614, 615, 619, 620, 
621, 743, 746, 761, 936, 938, 943, 945, 
948, 951, 952, 954 
Connecticut, 622, 623 
Cuba, 737,738,739,741,748,753, 767 
Denmark, 947 

District of Columbia, 622, 749 
Ecuador, 71 

Egypt, 713, 737, 744, 757 
England, 97, 741, 742 
Europe, 713, 750 
Florida, 762 

France, 70, 71, 72, 73, 897 
Georgia, 623 

Germany, 210, 211, 603, 732, 736, 737, 
738, 739 , 742, 745, 747, 748, 749, 752, 
753, 755, 756, 757, 758 
Great Britain, 898, 899, 903, 904 , 906, 
913 

Hawaii, 938 
Holland, 746,905 
India, 221 

Italy, 70, 698, 739, 753, 757, 758, 803, 
807 

Japan, 72 
Java, 72 
Jugoslavia, 742 
Kentucky, 623 
Louisiana, 174, 617, 618, 619 
Maine, 617, 623 
Martinique, 969 
Maryland, 737 
Missouri, 174 
Montenegro, 744 


New Hampshire, 619 
New Jersey, 642, 945 
New York, 622, 623, 750 
North Carolina, 742, 762 
Palestine, 757 

Poland, 1018, 1019, 1023, 1027, 1030, 
1031, 1034, 1035, 1037, 1042, 1043 
1044, 1045 

Russia, 70, 658, 1028, 1029, 1030 
Sahara Desert, 337, 341,819, 820, 821 
South Carolina, 622, 623 
Switzerland, 70 
Tunisia, 72 

United States, 210, 211, 807 
Utah, 92, 615, 617, 618, 741 
Viiginia, 174, 179 , 614 
Wisconsin, 619 

Spring Waters 
At Spalato 

Chromohacterium, 233 
At Vranje 
Bacillus, 732 
Containing iron 
Bacillus, 732 
Gallionella, 831,832 
Naumanniella, 834 
Hot springs 
Bacillus, 760 
Bacterium, 681 
Cklamydothrix, 986 
Micrococcus, 262, 279 
Spirochaela, 1053 
Streptococcus, 341 
Tkiobacillus, 81 
Thiosphaerion, 859 
Hot sulfur springs 
Bacillus, 656 
Microbacillus, 690 
Micrococcus, 253 
Sulfur springs 
Amoebobacter, 849, 860 
Bacillus, 732 
Chlorobium, 870 
Clathrochloris, 872 
Lamprocystis, 848 
Leptothrix, 995 
Pelodictyon, 871, 872 
Rhabdomonas, 854, 855 
Rhodotkece, 856 
Thioeapsa, 845 
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Spring Waters (continued) 

Sulfur springs (continued) 
Tkiocystis, 847 
Thiodictyon, 846 . 

Thiopedia, 843 
Thiopolycoccus, 850 
Tkiosarcina, 843 
Thiospirilhm, 851, 852 
Thiothece, 846 
Thiothrix, 989, 990 
Warm springs 
Bacillus, 756 

Sugar 
Candy 
Bacillus, 756 
Factory 
Bacillus, 744 
Micrococcus, 260 
Molasses 
Clostridium, 781 
Lactobacillus, 359 
Refineries 
Lampropedia, 844 
Leuconostoc, 347, 348 
Nevskia, 830 
Refining vats, scum 
Clostridium, 808 
Solutions 
Clostridium, 824 

Sugar (sucrose) solutions, slimy 
Bacillus, 742, 745, 747 
Clostridium, 762 
Leuconostoc, 347, 348 
Myxohacillus, 762 
Streptohacterium, 702 
Syrup 

Nevskia, 830 
Wastes 

Clostridium, 762 

Swamps 
Aerohacter, 692 
Bacterium, 676, 685, 686 
Sacchar<A)acieriuin, 623, 624 

Swamp Soils, see Soils, Swamp 

Swamp Waters, see Waters, Swamp 

Swine, see Hogs 

Tannery Wastes 
Acid dyeing liquor 
Bacterium, 677 


Tap Water 

Bacillus, 484 , 647, 648 , 649 , 650, 651, 
652, 656, 657, 666, 668, 669, 671, 672, 
723 , 738, 740 , 742, 744 , 747, 748, 749, 
751, 752 , 754, 756, 758 
Bacterium, 457, 605, 613 
Hyphomicrobium, 837 
Leptospira, 1077 

Micrococcus, 255, 256, 257, 258, 262, 
274, 276, 277 
Protamin<A)acter, 190 
Pseudomonas, 102, 698 
Sarcina, 290, 291 
Serratia, 481 
Terminosporus, 823 
Vibrio, 203 

Tap Water, Place Obtained 
Berlin, 1077 

Chemnitz, 102, 256 , 257 , 258, 262, 274, 
277, 290, 291, 484 , 648 , 649, 650, 651, 
652, 656, 657 , 666 , 668, 669, 671, 672, 
740, 742 , 747, 748, 749, 751, 752, 754, 
758 

Kiel, 698 

Lawrence, Mass., 723 
Leitmeritz, 255, 256, 262, 276, 277, 457, 
647, 657, 738, 740, 744 , 752, 754 
Ohio, 756 
Minneapolis, 823 
Plymouth, England, 481 
Rome, 613 
Rotterdam, 202 

Urine 

Micrococcus, 238, 247, 260, 266, 267, 
269, 279, 280 
Pediococcus, 250 

Vegetable Sources, see Plant Sources 

Viruses, Animal Hosts of 
Agouti, 1265 
Anas boscas, 1253 
Anas platyrhyncha, 1251, 1253 
Anatidae, 1251,1253 
Anser anser, 1251, 1253. 

Anser cinereus, 1253 
Antelope, 1276 
Apidae, 1227 
Apis mellifera, 1227 
Apodemus sylvaticus, 1267 
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Vinises, Animal Hosts of {continued) 
Arlibcus planirostriSt 1263 
Asyndesmus leuxis, 1252 
Bat, fruit-eating, 1263 
Bat, vampire, 1263 
Bee, honey, 1227 
Birds, 1249 
Bison, 1239 
Blackbird, 1253 
Bob-white, 1253 
Bombycidae, 1226 
Bombyx mori, 1226, 1227 
Bos taurus, 1239,1241, 1242,1251.1253, 
1267, 1272, 1276, 1278 
Bovidae. 1238, 1239, 1241, 1242, 1248, 
1251, 1253, 1267, 1272, 1276, 1278 
Bubo virginianus, 1252, 1253 
Buffalo, 1276 
Bunting, 1229 
Bushbuck, 1276 
Buteo vulgaris^ 1263 
Cabbage worm, 1227 
Calf, 1253 
Camel, 1276 

Canary, 1229, 1279, 1280 
Canidae, 1241, 1242, 1251. 1253, 1263, 
1272, 1273, 1277 

Cants familiaris, 1241, 1242,1251,1253, 
1263, 1272, 1277 
Capra hircus, 1251, 1253, 1267 
Caracal lynx, 1271 

Cat, 1235, 1236, 1255, 1262, 1263, 
1271, 1279, 1284 
Cat, black-footed, 1263 
Cat, marbled, 1271 
Cat, wild, 1263 

Cattle, also see Cow, 1234, 1236, 1239, 
1240,1242,1249,1263,1272,1276, 1278 
Cawo porcellus, 1237, 1277, 1285 
Caviidae, 1237, 1277, 1285 
Cebidae, 1235 
Cebus chrysopus, 1267 
Cebusfatuellus, 1267 
Cebus olivaceuSf 1235 
Cercocebus fuliginosuSf 1235, 1267 
Cercocc6u5 iorquatuSt 1265 
Cercopithecidae. 1234, 1235, 1237, 1259, 
1284 

Cercopithecus aethiops, 1257, 1265, 
1266 


Cercopithecus callitrichus, 1267 
Cercopithecus tantalus, 1265 
Charadriidae, 1253 

Chicken. 1229, 1231, 1236, 1242, 1252, 
1253, 1262, 1263, 1265, 1274, 1279, 
1280, 1283 

Chicken embryo, 1229, 1231, 1234, 
1235, 1236, 1238, 1239, 1240, 1245, 
1248, 1252, 1253, 1259, 1260, 1263, 
1267, 1268, 1270, 1271, 1274, 1277, 
1279, 1280 
Chimpanzee, 1271 
Chrysemys marginata, 1231 
Ciconia ciconia, 1253,1263 
Circus rufus, 1253 
Ciiellus richardsonii, 1253 
Colaptes cafer, 1252, 1253 
Columba livia, 1251, 1253 
Columbidae, 1251,1253 
Cotton rat, 1253, 1257 
Cow, also see Cattle, 1231, 1239, 1241, 
1248, 1250, 1251, 1253, 1256, 1267 
Cowbird, 1253 
Coyote, 1273 
Cricetidae. 1253, 1285 
Cricelulus furunculus, 1249 
Cricelulus griseus, 1285 
Cricetus auralus, 1267 
Cynalopex chama, 1263 
Cyniclis penicillata, 1263 
Dasyprocta aguti, 1265 
Deer, 1256,1276 
Desmodus rufus, 1263 
Diardigallus diardi, 1263 
Dipodomys heermanni, 1253 
Dog, 1235, 1236, 1241, 1242, 1251, 
1253, 1255, 1259, 1263, 1272, 1273, 
1277 

Donkey, 1277, 1282 
Dormouse, 1267 
Dove, western mourning, 1251 
Duck, 1229, 1236, 1242, 1251, 1253, 
1279 

Duck embryo, 1245, 1253 
Duck, mallard, 1251, 1253 
Duck, Pekin, 1251, 1253 
Duiker, 1276 
Eland, 1276 

Equidae, 1251, 1253, 1277, 1278, 1282 
Equus asinus, 1277, 1282 
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Viruses, Animal Hosts of (continued) 
Equus asinus X E. caballus, also see 
Mule, 1282 

Equus caballus, 1251, 1253, 1277, 1278, 
1282 

Erinaceus europaeus, 1265 

Erythrocebus paias, 1267 

Eutamias asiaticus, 1249 

Evoiomys rufocanus, 1249 

Falco sparverius, 1251, 1253 

Falconidae, 1251,1253 

Felidae, 1263,1279, 1284 

Felis oura^a, 1271 

Felis caracal, 1271 

Felis calus, 1263, 1271, 1279, 1284 

Felis marmorata, 1271 

Felis negripes, 1263 

Felis ocreata, 1263 

Felis pardalis, 1271 

Felis pardus, 1271 

Felis planiceps, 1271 

Felis tigrina, 1271 

Ferret, 1259, 1262, 1267, 1268, 1270, 
1272, 1273, 1279 
Flicker, red-shafted, 1252, 1253 
Fox, 1272 
Fox, silver, 1273 

Gallus gallus, 1234, 1238, 1242, 1252, 
1253, 1262,1265, 1274, 1280, 1283 
Genet cat, 1263 
Genetta felina, 1263 
Geosciurus capensis, 1263 
Gerbille, 1277 

Goat, 1232, 1239, 1249, 1253, 1267. 
1276 

Goat, Angora, 1277 

Goose, 1229, 1235, 1251, 1253, 1263, 
1279 

Goose embryo, 1253 
Gopher, 1253 
Ground squirrel, 1263 
Ground squirrel, Richardson’s, 1253 
Guenon, African, 1265 
Guinea-fowl, 1229 
Guinea-fowl embryo, 1253 
Guinea pig, 1231, 1235, 1236, 1237, 
1238, 1239, 1240, 1253, 1254, 1256, 
1257,1259,1260,1268,1277,1285 
Gypsy moth, 1226 
Hamster, Chinese, 1285 


Hamster, golden, 1267 
Hamster, Syrian, 1259, 1278 
Hapale jacchus, 1267 
Hapale penicillata, 1267 
Hare, snowshoe, 1244 
Hawk, 1229, 1253 
Hawk, mouse, 1263 
Hawk, sparrow, 1251,1253 
Hedgehog, 1235, 1265, 1268, 1279 
Hedgehog, European, 1255 
Hominidae. 1233, 1234. 1235, 1237, 

1241, 1248, 1250, 1251, 1253, 1257, 

1259, 1260, 1262, 1263, 1265, 1267, 

1268, 1270, 1280, 1282, 1284 
Hojtio sapiens, 1233, 1234, 1235, 1237, 
1241, 1248, 1250, 1251, 1253, 1257, 

1259, 1260, 1262, 1263. 1265, 1267, 

1268, 1270, 1280, 1282, 1284 
Horse, 1231, 1232, 1236, 1240, 1248, 

1249, 1250, 1251, 1253, 1254, 1255, 

1256, 1263, 1277, 1278, 1282 
Ictonyz orangiae, 1263 
Jackal, silver, 1263 
Junco, 1253 
Junco oreganus, 1253 
Kangaroo rat, 1253 
Killdeer, 1253 
Koedoe, 1276 
Leopard, 1271 

Leporidae, 1237, 1243, 1244, 1245. 

1251 

Lepus americanus, 1243 
Lepus brasiliensis, 1245 
Lepus californicus. 1244,1251 
Lion, 1271 

Lophofiyx califcTnica, 1262, 1253 
Lymantria monacha, 1226 
Lymantriidae. 1226 
Macaca trus, 1231, 1240, 1257, 1269, 

1267,1268 

Macaca mordax, 1257 
Macaca mulaita, 1231, 1234, 1236, 
1237, 1240, 1256, 1257, 1259, 1262, 
1265, 1266, 1267, 1284 
Macacus cynomolgus, 1235, 1265 
Macacus fuscatus, 1231 
Macacus rhesus, 1248, 1249, l-®^» 

1252 

Macacus sinicus, 1265 
Macacus speciosus, 1265 
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Viruses, Animal Hosts of {continued) 
Macaque, crab-eating, 1259 
Man, 1231, 1232, 1233, 1234, 1235, 
1237, mi, 1248, 1249, 1250, 1251, 
1253, 1255, 1257, 1259, 1260, 1262, 
1263, 1265, 1267, 1268, 1270, 1271, 
1278, 1280,1282, 1284 
Mangabey, collared, 1265 
Marmola monax, 1253 
Maelomye concha, 1277 
Meercat, common, 1263 
Meercat, yellow, 1263 
Meleagridae, 1251, 1253 
Meleagris gallopavo, 1251, 1253 
Aficroiiw agreslis, 1265, 1267 
MxcTotiLS californicus, 1253 
Microlus michnoi, 1249 
Microtus monianus, 1253 
Microlus mordax, 1253 
Microlus pennsylvanicus, 1253 
Mink, Chinese, 1268 
Molothrus ater, 1253 
Mongoose, small gray, 1263 
Mongoose, yellow, 1263 
Monkey, 1234, 1253 
Monkey, cynomolgus, 1231, 1240, 1257 
Monkey, green African, 1257 
Monkey, mona, 1257 
Monkey, rhesus, 1231, 1234, 1236, 
1237, 1240, 1250, 1251, 1256, 1257, 
1259, 1260, 1262, 1265, 1279, 1284 
Mouse, 1234, 1248, 1250, 1251, 1256, 
1257, 1260, 1262, 1265, 1267, 1268, 
1270, 1272, 1277, 1279, 1280, 1286 
Mouse, 6eld, 1253 
Mouse, gray, 1259 
Mouse, gray field, 1236 
Mouse, multimammate, 1277 
Mouse, white, 1235, 1236, 1238, 1240, 
1249,1252,1253,1259,1261,1263 
Mouse, white-footed, 1253, 1263 
Mouse, wild, 1253 
Mouse, wood, 1267 
Mule, 1253, 1277, 1282 
Muridae. 1238, 1251, 1253, 1259, 1261 . 
1272, 1277, 1286 

Mua musculua, 1238. 1259. 1261, 1263, 
1265, 1272, 1286 

Muscardinus avellanaritts^ 1267 

Muscicapidae, 1252,1263 


Mustela frenata, 1253 

Musiela furo, 1273 

Mustela sibirica, 1268 

Mustelidae, 1253, 1263, 1272, 1273 

Myonax pulverulentus, 1263 

Neotoma fuscipes, 1253 

Nun moth, 1226 

Ocelot, 1271 

Orang-outang, 1231 


Oryctolagus 

cunicxdus, 

1237, 

1243 

1244, 1245 
Ovis aries, 

1238, 1248, 

1251, 

1253 

1267, 1278 





Owl, 1263 

Owl, great horned, 1252, 1253 
Owl, western burrowing, 1253 
Oxyeckus vociferus, 1253 
Partridge, 1229 
Passer domesticus, 1253 
Peromyscus maniculalus, 1253 
Peromyscus polionoius, 1263 
Phasianidae. 1234, 1238, 1242, 1252, 
1253, 1262, 1274, 1280 
Phasianus colchictis, 1253 
Pheasant, 1229, 1242, 1263, 1274 
Pheasant-chicken, Fi hybrid, 1274 
Pheasant embryo, 1253 
Pheasant, ring-necked, 1253 
Phyllosloma superciliatim, 1263 
Picidae, 1252, 1253 
Pieridae, 1227 
Pieris hrassicae, 1227 
Pig, also see Swine, 1231, 1239, 1248, 
1252, 1253, 1255, 1263 
Pigeon, 1229, 1235, 1251, 1252, 1253 
1255, 1263, 1279, 1280 
Pigeon embryo, 1253 
Polecat, 1263 
Portheria dispar, 1226 
Prairie chicken, 1253 
Puma, 1271 
Quail, 1229, 1253 
Quail, California, 1252, 1253 
Rabbit, 1231, 1232, 1234, 1235, 1236, 
1237, 1238, 1239, 1240, 1243, m4, 
1246, 1247. 1253, 1256, 1268, 1279 
Rabbit, brush, 1253 
Rabbit, cotton-tail, 1244, 1245, 1247, 
1251, 1253 

Rabbit, jack, 1244, 1246, 1261 



1374 


INDEX OF SOURCES AND HABITATS 
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Rat, 1238, 1239, 1248, 1256, 1267, 
1268,1277,1279, 1286 
Rat, black, 1253 
Rat, brown, 1236, 1251 
Rat, white, 1236, 1253, 1257, 1259, 
1262, 1277 

Rattus yiorveijicus, 1238, 1251, 1277 
Rattus raltuSy 1253 
Reindeer, 1239 

Reithrodontoniys megalalus, 1253 
Robin, 1252, 1253 
Robin embryo, 1253 
Sciuridae, 1263 

Sciurolamius davidianus, 1268 
Sciurus carolinensis, 1267 
Sciurus vulgariSy 1265 
Sheep, 1232, 1234, 1236, 1238, 1239, 
1248, 1249, 1250, 1251, 1253, 1255, 
1256, 1263, 1267, 1276, 1278 
Sigmodon hispidus, 1253, 1257 
Silkworm, 1226, 1227 
Sparrow embryo, 1253 
Sparrow, English, 1229, 1253 
Sparrow, Gambel’s, 1253 
Speotylo cunicidaria, 1253 
Squirrel, David's, 1268 
Squirrel, gray, 1267 
Squirrel, red, 1265 
Stork, 1263 
Stork, white, 1253 
Strigidae, 1252, 1253 
Suidae, 1252, 1253, 1262, 1268, 1275, 

1282 

Suricata suricaki, 1263 

Suricate, Cape, 1263 

Sus scrofa, 1233, 1252, 125^1, 1262, 

1268, 1275, 1282 

Swine, also see Pig, 1232, 1233, 1234, 
1236, 1240, 1262, 1268, 1275, 1276, 

1282 

Sylvilagus audubonii, 1253 
Sylvilagus bachmaniy 1253 
Sylvilagus nuttalliy 1251 
Sylvilagus sp., 1244, 1245, 1247 
Tatera lobengiday 1277 
Tetraonidae, 1253 
Thrasher, 1253 
Tiger, 1271 

Tiger cat, African, 1271 


Tiger cat, American, 1271 
Tiger cat, rusty, 1271 
Toxostoma lecontei, 1253 
Turdus inenda, 1253 
Turdus migratorius, 1252, 1253 
Turkey, 1229, 1251, 1253, 1279 
Turkey embryo, 1253, 1274 
Turtle, 1231 

Tympanuchus cupido, 1253 
Vivreridae, 1263 
Vole, field. 1253, 1265, 1267 
Vulpes sp.y 1272, 1273 
Vuliur fulvuSy 1253 
Vulture, tawny, 1253 
Warthog, 1275 
Weasel, 1253 
Wolf, 1263 
Woodchuck, 1253 
Woodpecker, Lewis, 1252 
Wood rat, 1253 
Zebra, 1277 
Zebu cattle, 1276 
Zenaidura macroura, 1251 
Zonolrichia leucophrys, 1253 

Viruses, Bacterial Hosts of 
Agrobaclerium lumefacienSy 1134 
Bacillus megatherium, 1138 
Bacillus mycoides, 1138 
Bacterium steirarti, 1136 
Corynebacterium diphtkeriae, 11^3, 

1144 

Erwinia aroideae, 1136 

Ertvinia carotovora, 1135 

Escherichia coli, 1131, 1132, 1133, 

1134 

Pseudomonas solanacearum, 113o 
Rhizobium leguminosarum, 1138 
Salmonella enteritidis, 1136, 1137 
Salmonella gallinarum, 1136, 113/ 
Salmonella typhosa, 1137 
Shigella dysenteriae, 1131, 1132, 1133» 

1134, 1136, 1137 

Staphylococcus albus, 1140,1141,1142 
Staphylococcus aureus, 1140, 1141 
Staphylococcus muscae, 1142 
Streptccoccus cremoris, 1138, 1139 
Streptococcus mucosus, 1139 
Streptococcus sp., 1139, 1140 
Vibrio comma, 1142, 1143 
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Vlrus6s* Bacterial Hosts of {continued) 
Xanikomonas cilri, 1135 
Xanthomonas pTuni, 1135 

Viruses, Plant Hosts of 
Abaci, 1193 
Ahutilon sp., 1186 
A^^erd^um conyzoides, 1218 
Agropyron repens, 1162, 1202 
Alfalfa, 1151, 1153, 1181, 1191 
Allium cepa, 1184 
Almond, 1152, 1196 
Alopecurus fulvus, 1160 
Althaea ficijolia, 1186 
Althaea officinalis, 1186 
Althaea rosea, 1186, 1218 
Amaranthaceae, 1204, 1214 
Amaranihus retrofiexus, 1204, 1214 
Amygdalus persica, 1197 
Ananas comosus, 1223 
Anemone nemorosa, 1158 
Anemone ranunculoides, 1158 
Anemone trifolia, 1158 
Anelhum graveolens, 1176 
Anoda hastaia, 1186 
Anthriscus cerefolium, 1176 
Antirrhinum majus, 1191 
Apium graveolens, 1147,1176,1199, 1200 
Apocynaceae, 1149, 1150, 1152 
Apple, 1194 
Apricot, 1152, 1196 
Arachis hypogaea, 1187 
Armoracia rusticana, 1177 
Asclepiadaceae, 1173 
Asclepias syriaca, 1173 
Aster, 1168 

Alriplex hortensis, 1204 
Atriplex sibirica, 1204 
Atropa belladonna, 1175 
Avena byzantina, 1161 
Avena fatua, 1161 

Avena saliva, 1160, 1161, 1162, 1192 
Barbarea vulgaris, 1155 

Barley, 1161 , 1162 , 1192 

Bean, 1168, 1169, 1179, 1180, 1181, 
1189, 1190, 1191, 1216, 1219 
Bean tree, 1187 
Beet, 1178, 1221 
BerUroaincana, 1177 

Betacicla, 12 Qi 

maritima, 1204 


Beta vulgaris, 1149, 1177, 1178, 1199, 
1204, 1216, 1219,1221 
Bittersweet, 1175, 1204, 1214 
Black-eyed Susan, 1155 
Brachiaria platyphylla, 1183 
Brassica adpressa, 1176, 1200 
Brassica alba, 1176, 1177, 1200 
Brassica arvensis, 1176, 1177, 1200 
Brassica campesiris, 1176 
Brassica chinensis, 1177 
Brassica incana, 1199 
Brassica juncea, 1176, 1177, 1200 
Brassica napobrassica, 1177, 1221 
Brassica napus, 1176, 1177, 1221 
Brassica 7iigra, 1176, 1177, 1200 
Brassica oleracea, 1176, 1177, 1200 
Brassica pe-tsai, 1176, 1200 
Brassica rapa, 1176, 1177, 1200 
Broad bean, 1179, 1180, 1187 
Broccoli, 1176 
Brome-grass, awnless, 1192 
Bromeliaceae, 1228 
Bromus inermis, 1162, 1192 
Brussels sprouts, 1176 
Buckwheat, 1146, 1199 
Cabbage, 1176,1177 
Calendula, 1150 
Calendula officinalis, 1150, 1177 
Callistephus chinensis, 1146 
Candytuft, rocket, 1176 
Cantaloupe, 1199, 1200 
Capsella bursa-past oris, 1176, 1177, 
1200 

Capsicum frutescens, 1164, 1171, 1175, 
1181,1214 
Caraway, 1176 

Cardamine helerophylla, 1177 
Carrot, 1146, 1176 
Carum carvi, 1176 
Caryophyllaceae, 1191 
Cauliflower, 1176 
Celastraceae, 1187 
Celeriac, 1176 

Celery, 1147, 1173, 1174, 1176, 1199, 
1200 

Chaetochloa lutescens, 1183 
Chaetochloa magna, 1183 
Chaetochloa verticillata, 1183 
Charlock, 1176 
Charlock, white, 1176 
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Ckeiranihus allioniif 1177 
Cheirantkus cheiri, 1177 
Chenopodiaceae, 1149, 1177, 1178, 
1191, 1199, 1200, 1204, 1216, 1219, 
1221 

Ckenopodium album, 1199, 1200, 1204 
Chenopodium murale, 1199,1200,1220 
Cherry, 1152, 1196, 1197, 1198 
Cherry, flowering, 1197, 1210 
Cherry, Mahaleb, 1197 
Cherry, Mazzard, 1197, 1210 
Cherry, sand, 1152 
Cherry, wild, 1197 
Chinese cabbage, 1177 
Chokecherry, 1152 
Chrysanthemum leucanlhemum, 1155 
Chrysanthemum morifolium, 1214 
Cicer arietinum, 1180 
CitruUus vulgaris, 1167 
Cilrtis aurantiurn, 1202 
Citrus Hmonia, 1210 
Citrus maxima, 1210 
Citrus sinensis, 1210 
Clover, alsike, 1180, 1187, 1190 
Clover, cluster, 1180, 1190 
Clover, crimson, 1156, 1157, 1180, 
1181,1187 

Clover, nodding, 1190 
Clover, Persian, 1180 
Clover, red, 1155, 1179, 1187, 1190 
Clover, spotted bur, 1180 
Clover, strawberry, 1190 
Clover, toothed bur, 1180 
Clover, white, 1188, 1189, 1190, 1191 
Commelina sp., 1174 
Compositae, 1147, 1150, 1155, 1168, 
1169, 1174, 1177, 1178, 1179, 1181, 
1212, 1214, 1218, 1223 
Convolvulaceae, 1149, 1198 
Coriander, 1176 
Coriandrum sativum, 1176 
Corn, 1158, 1159, 1160, 1161, 1162, 

1183 

Coronapus didymus, 1177 
Cotoneasier harroviana, 1194 
Cotton, 1218 

Cowpea, 1169, 1173, 1174, 1188, 1189 

Cranberry, 1160 

Cress, common winter, 1156 


Cress, garden, 1176 
Crotalaria retusa, 1190 
Crotalaria spectabilis, 1190 
Crotalaria striata, 1190 
Cruciferae, 1155, 1176, 1177, 1199, 
1200 1221 

Cucumber, 1167, 1168, 1173, 1181, 
1190, 1200, 1216 
Cucumber, wild, 1173 
Cucumis anguria, 1167 
Cucumis melo, 1167, 1173, 1190, 1199, 
1200 

Cucumis saiivus, 1167, 1173, 1181, 
1190, 1191, 1200, 1212, 1216 
Cucurbitaceae, 1167, 1181, 1190, 1191, 
1199, 1200, 1212, 1216, 1219 
Cucurhita pepo, 1173, 1190, 1200 
Curcurhita sp., 1219 
Cuscuta californica, 1198 
Cuscuia campestris, 1199 
Cuscuta subinclusa, 1199 
Cytisus hirsutus, 1187 
Dahlia, 1179 
Dahlia imperialis, 1179 
Dahlia maxonii, 1179 
Dahlia pinnata, 1179 
Datura stramonium, 1147, 1169, 1171, 
1174, 1175, 1200, 1204, 1214, 1216 
Daucus carota, 1176 
Delphinium sp., 1177, 1200, 1216 
Desmodium canadense, 1180 
Digitaria horizontalis, 1169 
Dodder, also see Dodder as vector, 

1198 

Dodonaea viscosa, 1149 
Echinochloa crusgalli, 1160, 1192 

1183 

Echinocystis lobala, 1173 
Eggplant, 1147 
Eleusine indica, 1159 
Elm, American, 1154 
Endive, 1146 
Ericaceae, 1150 
Eriobotrya japonica, 1194 
Eulalia, 1183 
Euonymus japonica, 1187 
Euonymus radicans, 1187 
Euphorbiaceae, 1219 
Fagopyrum esculentum, 1199 
Ficus sp., 1201, 1202 
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Fragaria species and hybrids, 1195, 
1207, 1208 

GaUga o^dnalhy 1190 
Gallonia candicans, 1184 
Geraniaceae, 1168, 1199 
Geranium, 1199 
Gherkin, 1167 

Glycine soja, also see Soja max, 1190 
Goat’s rue, 1190 

Gossypium hireuium, 1216, 1218 
Goeeypium peruvianum, 1218 
Goeeypiuvi vitifolium, 1218 
Gramineae, 1157, 1158, 1159, 1160, 
1161, 1162, 1183, 1192, 1^08 
Grape, 1153, 1198 
Grapefruit, 1210 
Grass pea, 1180 
Goundsel, 1178 
Henbane, 1171,1175,1214 
Hesperis malronalis, 1177 
Hibiscus sp., 1218 
Holcus sorghum, 1183 
Holcus sudanensis, 1183 
Hollyhock, 1218 
Holodiscus discolor, 1207 
Honesty, 1176 
Hop, European, 1151 
Hordeum vulgare, 1161, 1162, 1192 
Horse-radish, 1177 
Humulus lupulus, 1151 
Hyacinth, 1184 
Hyacinihus orienialis, 1184 
Hyoscyamus niger, 1171,1175,1214 
Iheris amara, 1176 
Indian tobacco, 1154 
Iridaceae, 1183 
Iris, 1183 

Iris, bearded, 1183 
Iris, bulbous, 1183 
Iris filifolia, 1183 
Iris ricardi, 1183 
Iris tingitana, 1183 
Iris unguiculariSf 1183 
M’s xiphium, IIM 

Jimson weed, 1171, 1174, 1175. 1200, 
1204,1214 
Kale, 1176 

KiUiihelia vitifolia, 1186 
Knotweed, 1199 


Labiatae, 1173 

Laburnum anagyroides, 1187 
Laburnum vulgare, 1187 
Lachenalia sp., 1184 
Lactuca saliva, 1178, 1223 
Lamb’s quarters, 1199, 1204 
Larkspur, 1200 

Laihyrus odoralus, 1178, 1179, 1189, 
1187, 1189, 1190, 1191 
Lathyrus sativus, 1180 
Lavatera arborea, 1186 
Leguminosae, 1150, 1151, 1153, 1155, 
1156, 1157, lies, 1169, 1178, 1179, 
1180, 1181, 1187, 1188, 1189, 1190, 
1191, 1212, 1216, 1219, 1223 

Ijcmon, 1210 

Lens esculenia, 1189, 1191 
Lepidium ruderale, 1177 
Lepidium sativum, 1176, 1177 
Lepidium virginicum, 1177 
Lespedeza striata, 1179 
Lettuce, 1146, 1178, 1223 
Ligustrum vulgare, 1187 
Liliaceae, 1182, 1184, 1211 
bilium ama6j7e, 1182 
Lilium auratum, 1182 
fJlium canadcnse, 1182 
lAlium candidum, 1182 
Lilium cernuum, 1182 
lAliuni chalcedonicum, 1182 
Lilium croceum, 1182 
TAlium davmoltiae, 1182 
Lilium elcgans, 1182 
Lilium Jormosanum, 1182 
Lilium yiganleum, 1182 
Lilium henryi, 1182 
Lilium leucanlhum, 1182 
Lilium longifiorum, 1182, 1211 
Lilium myriophyllum, 1182 
lAlium pumilum, 1182 
Lilium regale, 1182 
Lilium sargentiae, 1182 
Lilium speciosum, 1182 
Lilium superbum, 1182 
Lilium tcsiaceum, 1182 
Lilium iigrinum, 1182 
Lilium umbellatum, 1182 
Lilium wallacei, 1182 
Lily, 1174 
Lily, Easter, 1211 



1378 


INDEX OF SOURCES AND HABITATS 


Viruses, Plant Hosts of (continued) 
Lima bean, 1174, 1188 
Locust, black, 1150 
liOganberrv, 1206 
Loquat, 1194 
Lotus hispidus, 1190 
Lucerne, 1151, 1153, 1181, 1191 
Lunaria annua, 1176 
Lupine, blue, 1180, 1100 
Lupine, white, 1180 
Lupine, yellow, 1190 
Lupimts albus, 1180, 1189, 1190,1191 
Lupinus anguslifoliuS: 1180, 1190 
Lupinus densifiorus. 1180 
Lupinus hartwegii, 1180 
Lupinus hirsutus, 1191 
Lupinus luteus, 1190 
Lupinus mutabilis, 1190 
Lupinus nanus, 1180 
Lijcium barhanim, 1172 
Lycopersicon esculentum, 1147, 1149. 
1150, 1152, 1164, 1168, 1169, 1171, 
1175, 1181, 1190, 1200, 1204, 1214, 
1219, 1223 

Lycopersicon pimpincllijoliuni, 1177 

Maize, 1158,1159, 1160, 1161, 1162, 1183 

Malcomia bicornis, 1200 

Makoinia niaritinia, 1200 

Malva borealis, 1186 

Malvaceae, 1186, 1216. 1218 

Malva crispa, 1186 

Malva mauriliana, 1186 

Malva sylvestns, 1186 

,1/a^i'a verticillata, 1186 

Malvestrum capense, 1186 

Manihot sp., 1219 

Manila hemp plant, 1193 

Marrow, 1190 

Mailkiola incana, 1176, 1177 
Medicago arahica, 1180 
Medicago hispida, 1180 
Medicago lupulina, 1189, 1191 
Medicago saliva, 1151, 1153, 1181, 
1190, 1191 

Melilotus alba, 1180, 1188, 1189, 1190, 
1191 

Melilotus indica, 1180 
Melilotus officinalis, 1180 
Melon, rock, 1190 
Millet, 1162 


Millet, pearl, 1183 
Miscanihus sinensis, 1183 
Modiola decumbens, 1186 
Moraceae, 1151, 1201 
Mung bean. 1180 
Musaceae, 1193 

lextilis, 1193 
Muskmclon, 1173 
Mustard, 1176, 1199 
Mustard, black, 1176, 1177 
Mustard, leaf, 1176 
Mustard, white, 1176, 1177 
Mustard, wild yellow, 1176 
Xasturliiun officinale, 1177 
Nectarine, 1196 
Nepela cataria, 1173 
Neslia paniculaia, 1177 
New Zealand spinach, 1146 
Nicotiana alata, 1216 
Nicotiana bigelovii, 1177 
Xicotiana glauca, 1154, 1167, 1109 
Nicotiana glutinosa, 1149, 1150, 1152, 
1154, 1166, 1168, 1169, 1177, 1200, 
1216 

Xico'.iana langsdorffii, 1168, 1169, 

1177, 1201 

Xicotiana palmeri, 1199 
Xicotiana repanda, 1177 
Xicotiana rws(ica, 1149, 1154, 1155, 
1156, 1177, 1199, 1201, 1216 
iVico'iana sylvcslris, 1166, 1177 
Xicotiana iahacum, 1147, 1149, 1150, 
1154, 1164, 1168, 1169, 1171, 1172, 
1174, 1175, 1177, 1181, 1199, 1200, 
1201, 1212, 1213, 1214, 1216. 1218, 
1223 

Xicotiana Irigonophylla, 1154 
Nightshade, black, 1147, 1214 
Oat, 1160, 1161, 1162, 1192 
Oat, wild, 1161 
Ocean spray, 1207 
Oleaceae, 1187 
Onion, 1184 
Orange, 1210 
Orange, sour, 1202 
Omiihogalum thyrsoides, 1184 
Oryza satioa, 1160, 1162 
Parkyrhizus erosus, 1188 
Panicum dichotomijlonm, 1183 
Panicum miliaceum, 1160, 1162 
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Parsley, 1176 
Parsnip, 1146 

Paspalum boscianum, 1183 
Passiflora alba, 1193 
Passifloraceae, 1193 
Passiflora coeruUa, 1193 
Passiflora edxtlis, 1193 
Passion fruit, 1193 

Pea, 1178, 1179, 118U, 1188, 1189, 
1190, 1191, 1223 

Peach, 1148, 1152, 1158, 1196, 1197, 
1207, 1208 
Peanut, 1187 
Pear, 1211 

Pelargonium horlorum, 1168, 1199 
Penniselum glaucum, 1183 
Pepper. 1164, 1171, 1173, 1175, 1181, 
1214 

Periwinkle, 1149, 1150, 1152 
Petroselinum hortense, 1176 
Pc-tsai, 1176 

Petunia, 1171, 1175, 1200 
Petunia sp., 1171, 1175, 1177, 1200, 
1212, 1216 

Phaseolus arutifolius, 1179, 1180 
Phaseohis aureus, 1179, 1189, 1191 
Phaseolus calcaralus, 1179 
Phaseolus lunalus, 1168, 1179, 1188 
Phaseolus vulgaris, 116S, 1169, 1179, 
1180,1181,1189,1190, 1191, 1216, 1219 
Phenomenal berry, 1206 
Photinia arbxUifolia, 1194 
Phyaalis alkekengi, 1214 
Physalis heierophylla, 1171, 1173 
Phyaalis subglabrata, 1173 
Phytolacca americana, 1199 
Phytolaccaceae, 1173, 1199 
Phytolacca decandra, 1173 
Pineapple, 1223 

Pisum sativum, 1178, 1179, 1180, 1188, 
1189, 1190, 1191, 1223 
Plantaginaceae, 1164, 1199 
Plantago lanceolata, 1164 
Plantago major, 1164, 1199 
Plantago rugelii, 1164 
Plantago sp., 1166 
Plantain, 1199 
Plum, 1152, 1196, 1208 
Plum, Japanese, 1148, 1197 


Plum, wild, 1152 
Poa pratensis, 1160 
Poke weed, 1199 
Polygonaceae, 1199 
Polygonum pennsylvanicum, 1199 
Potato, 1149, 1150, 1155, 1156, 1172, 
1174, 1175, 1181, 1182, 1199, 1200, 
1203, 1204, 1214, 1223 
Primulaceae, 1199, 1201 
Primula sp., 1201 
Privet, 1187 
Prune, 1196, 1208 
Prunus americana, 1152 
PrM7iJ« armeniaca, 1152, 1196 
Prunus avium, 1196, 1197, 1198, 1210 
Prunus cerasus, 1152, 1197 
Prunus communis, 1152, 1196 
Prunus domestica, 1152, 1196, 1198, 
1208 

Prunus emarginata, 1197 
Prunus mahalcb, 1197 
Prunus persica, 1148, 1152, 115S, 

1196, 1197, 1207, 1208 
Prunus pumila, 1152 
Prunus salicina, 1148, 1197 
Piunus serrulaUi, 1197, 1198, 1210 
Prunus sp., 1148, 1207 
Prunus virginiana, 1152 
Pyrus communis, 1211 
Pyrus Vidius, 1194 
Radicula palustris, 1177 
Radish, 1176, 1200 

Ranunculaceae. 1158, 1177, 1200, 

1216 

Ranuxiculus asiaticus, 1216 
Rape. 1176, 1177, 1221 
Raphanus raphanistrum, 1176 
Raphanua salivus, 1176, 1177, 1200 
Raspberry, 1195, 1205 
Raspberry, black, 1195, 1206 
Rhamneae, 1149 
Ribgrass, 1164 
Rice, 1160. 1162 
Rolnnia pseudoacacia, 1150 
Rosaceae, 1148, 1152, 1158, 1194, 

1195, 1196, 1197, 1198, 1205, 1206, 
1207, 1208, 1211 

Rosa species and hybrids, 1194 
Rose, 1194 

Ruhns idaeus, 1105, 1205 
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Rubus loganobaccus, 1206 
Rubus occidentalis, 1195, 1206 
Rubus parviJJorus, 1194 
Rudbeckia hirta, 1155 
Rutabaga, 1177, 1221 
Rutaceae, 1202, 1210 
Rye, 1160, 1161, 1162, 1192 
Sacrharum narenga, 1183 
Saccharum ojjicinarum. 1157, 1158, 

1159, 1161, 1183, 1208 
Salad chervil, 1176 
Samolus jloribundus, 1199 
Sandal, 1149, 1198 
Santalaceae, 1149, 1198 
Santalurn album, 1149, 1198 
Sapindaceae, 1149 
Scrophulariaceae, 1191, 1212, 1214 
Secale cereale, 1160, 1161, 1162, 1192 
Senecio vulgaris, 1178 
Selaiia viridis, 1162 
Shepherd's purse, 1176 
Sidalcea Candida, 1186 
Sida mollis, 1186 
Sida napaea, 1186 
Sieva bean, 1168 
Sinapis alba, 1177 
Sincamas, 1188 

Sisymbrium allissvmun, 1177 
Sisymbrium officinale, 1177 
Soja max, also see Glycine soja, 1168, 
1180 

Solanaceae, 1147, 1149, 1150, 1152, 
11^, 1155, 1164, 1166, 1167, 1168, 
1169, 1171, 1172, 1173, 1174, 1175, 
1177, 1181, 1199, 1200, 1203, 1204, 
1212, 1213, 1214, 1216, 1218, 1219, 
1223 

Solanutn dulcamara, 1175, 1204, 1214 
Solanum melongena, 1147 
Solanum nigrum, 1147, 1168, 1169, 
1174, 1175, 1214 

Solanum tuberosum, 1149, 1150, 1155, 
1172, 1174, 1175, 1181, 1199, 1200, 
1203, 12(M, 1212, 1214, 1223 
Solanum villosum, 1204 
Sonchus asper, 1178 
Sorbus pallescens, 1194 
Sorghum, 1183 
Sowbane, 1199 


Sow-thistle, prickly, 1178 
Soybean, 1168, 1180; 1190 
Speedwell, 1214 

Spinach, 1173, 1177,-1178, 1191, 1204 
Spinacia oleracea, 1177, 1178, 1191, 
1200, 1204 
Squash, 1219 

Squash, summer crookneek, 1200 
Stachytarphcla indica, 1150 
Stellaria media, 1191, 1220 
Stock. 1176, 1177 
Strawberry, 1195, 1207, 1208 
Sudan grass, 1183 
Sugar beet, 1149, 1199 
Sugar cane, 1157, 1158, 1159, 1160, 
1161, 1183. 1208 
Swede, 1177 

Sweet clover, annual yellow, 1180 
Sweet clover, white, 1180, 1188 
Sweet clover, yellow', 1180 
Sweet pea. 1178, 1179, 1180, 1187, 
1190 

Sweet potato, 1202 
Synedrella nodijlora, 1218 
Syntherisma sanguinale, 1183 
Tepary bean, 1180 
Thlaspi arvense, 1177 
Tobacco, 1147, 1149, 1150, 1154, 1164, 
1166, 1168, 1169, 1170, 1171, 1172, 

1173, 1174, 1175, 1177, 1181, 1200, 

1213, 1214, 1216, 1218, 1223 
Tomato, 1147, 1149, 1150, 1152, 1164, 
1166, 1168, 1169, 1171, 1175, 1181, 

1199, 1200, 1204, 1214, 1219, 1223, 

1224 

Toyon,1194 
Tree tobacco, 1167 
Trefoil, haresfoot, 1190 
Trifolium agrarium, 1180 
Trifolium arvense, 1190 
Trifolium carolinianum, 1180 
Trifolium cernuum, 1190 
Trifolium duhium, 1180 
Trifolium fragiferum, 1190 
Trifoliitm glomeratum, 1180, 1190 
Trifolium hybridum, 1180, 1187, 1189, 
1190, 1191 

Trifolium incarnatum, 1156, 1157, 

1180, 1181, 1187, 1189, 1190, 1191 
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Viruses, Plant Hosts of (continued) 
Trifoiium praiense, 1155, 1179, 1187, 

1189, 1190, 1191 
Trifolium procumbent ^ 1180 
Trifolium refiezum^ 1180 
Trifolium repens, 1188, 1189, 1190, 

1191 

Trifolium suaveotens, 1180 

Triticum sp., 1160, 1161, 1162, 1192 

Tropaeolum majus, 1224 

Tulip, garden, 1182 

Tulipa clusiana, 1182 

Tulipa eichleri, 1182 

Tulipa gesneriana, 1182 

Tulipa grcigi, 1182 

Tulipa linifolia, 1182 

Turnip, 1176, 1177 

Ulmus a7T}ericana, 1154 

Umbelliferae, 1147, 1176, 1199, 1200 

Urticaceae, 1154 

Vaccinium macrocarpon, 1150 

Vaccinium oxycoccus, 1150 

Vegetable marrow, 1173 

Verbenaceae, 1150 

Vernonia cineria, 1218 

Vemo7iia iodocalyx, 1218 

Veronica sp., 1214 

Vetch, common, 1180 

Vetch, hairy, 1190 

Vetch, spring, 1179 

Vida faba, 1179, 1180, 1187, 1189, 

1190, 1191 

Victa saliva, 1179, 1180, 1189, 1191 
Vida villosa, 1190 

Vigna sinensis, 1169, 1173, 1188, 

1189, 1212 

Vinca rosea, 1149, 1150, 1152 

Violaceae, 1200 

Viola cornuta, 1200 

Vitaceae, 1153, 1198 

Vilis vinifera, 1153, 1198 

WallOower, 1177 

Water pimpernel, 1199 

Watermelon, 1167 

Wheat, 1160, 1161, 1162, 1192, 1202 

Windflower, vernal, 1158 

Yam bean, 1188 

Zeamays, 1158,1159,1161,1162, 1183 
Zinnia, 1147, 1169, 1174, 1181 


Zinnia elegant, 1147, 1169, 1174, 1177, 
1181 

Ziziphus oenoplia, 1149 

Viruses, Vectors of, 

Aceralagallia curvaia, 1155 
Aceratagallia lyrata, 1155 
Aceralagallia obscura, 1155 
Aceratagallia sanguinolenia, 1155 
Aedes aegypti, 1230, 1254, 1255, 1259, 
1266 

Aedes albopiclus, 1254 
Aedes apico-annulatus, 1266 
Aedes alropalpus, 1254 
Aides cantator, 1254 
Aides dorsalis, 1254 
Aides Jludatilis, 1266 
Aides leucocelaemue, 1266 
Aides luLocephalus, 1266 
Aides nigromaculis, 1254 
Aides scapularis, 1266 
Aides sollicitans, 1254 
Aides stimulans, 1230 
Aides taeniorhynchus, 1254 
Aides Iriseriatus, 1254 
Aides vexans, 1230, 1254 
Agallia constricta, 1156 
Agallia quadripunclata, 1155, 1156 
Agalliana ensigera, 1220 
Agalliopsis novella, 1155, 1156, 1157 
Aleyrodidae, 1218, 1219 
Allolobophora caliginosa, 1269 
Amblycephalinae, 1153 
Amphoi ophora rubi, 1196 
Amphorophora rubicola, 1196 
Amphorophora sensoriala, 1196 
Anuraphis tulipae, 1182 
Aphididae, 1163, 1164, 1171, 1172, 
1173, 1174, 1175, 1176, 1177, 1178, 

1179, 1180, 1181, 1182, 1183, 1184, 

1185, 1187, 1188, 1193, 1195, 1196, 

1200, 1203, 1204, 1205, 1206, 1207, 

1208, 1211 

Aphids, sec Aphididae 
Aphis abhreviata, 1172, 1175, 1204 
Aphis apigraveolens, 1176, 1177, 1200 
Aphis apii, 1176, 1200 
Aphis fabae, 1171, 1204 
Aphis ferruginea striata, 1176, 1200 
Aphis gossypii, 1173, 1174, 1176, 1177, 
1179, 1185, 1188, 1200. 1211 
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Aphis graveolens, 1177 
Aphis laburni, 1187 
Aphis leguininosae, 1187 
Aphis Jtiaidis, 1174, 1183, 1184 
Aphis medicaginis, 1179 
Aphis middletoniij 1176, 1177, 1200 
Aphis rhamni, 1171, 1172 
Aphis Tuhicola. 1205 
Aphis rubiphila, 1205 
Aphis rumicis, 1176, 1178, 1179, 1180, 
1184 

Aphis sp., 1193 
Aphis spiraeas, 1207 
Aphis spiraecola, 1179 
Aphis tulipae, 1182 
Aulacorthum solani, 1204 
Balcluiha mbila, 1159 
Bedbug, 1259 

Bemisia gossypipcrda, 1218, 1219 
Bemisia nigeriensis, 1219 
Breviconjne brassicae, 1177, 1179, 

1201 

Capitophorus fragaefolii, 1208 
Capitophorus fragariae, 1195 
Capitophorus letrahodus, 1206 
Carneocephala fulgida, 1153 
Carneocephala triguttata, 1153 
Carolinaia cyperi, 1183 
Cavariella capreae, 1176, 1177 
Choerostrongylus pudendotectus, 1269 
Cicadellidae, 1145, 1147, 1148, 1150, 
1153, 1154, 1155; 1157; 1159, 1160, 
1161, 1220 

Cicadula bimaculatay 1159 
Cicadula diinsa, 1147 
Cicadula sexnotata, 1147 
Cicadulina mbila, 1159 
Cicadulina storeyi, 1159 
Cicadulina zeae, 1159 
Cimex lectularius, 1259 
Cimidae, 1259 

Convolvulaceae, 1149, 1150, 1165, 1170, 
1173, 1192, 1199, 1220 
Ctenopsylla felis, 1246 
Cuerna occidentalis, 1153 
Culex pipiens, 1230, 1252 
Culex iarsalis, 1252 
Culicidae, 1230, 1252, 1254, 1259, 
1266, 1267 


Cuscuta cahfornica, 1173, 1198, 1199 
Cuscuta campestris, 1149, 1150, 1152, 
1165, 1170, 1173, 1192, 1199, 1220 
Cuscuta subinclusa, 1173, 1199 
Delphacinae, 1157 
Delphax siriatella, 1162 
DeUocephalus dorsalis, 1160, 1161 
Deltocephalus slriatus, 1161 
Dermacentor andcrsoni, 1254 
Demacenlor silvarum, 1250 
Dermacentor variabilis, 1252, 1254 
Dodders, 1147, 1149, 1150, 1152, 1165, 
1170, 1173, 1192, 1199, 1220 
Draeculacephala minerva, 1153 
Draeculacephala portola, 1161 
Eriophyes ribis, 1203 
Eriophyidae, 1203 
Euscelis striatulus, 1150 
Eutettix tenellus, 1220 
Flea, 1246 

Frankliniella insularis, 1223 
Frankliniella lycopersici, 1223 
Frankliniella moultoni, 1223 
Frankliniella occidentalis, 1223 
Frankliniella schuUzet, 1223 
Fulgoridae, 1145, 1157. 1161, 1162 
Gonioides dissimilis, 1280 
flaemaphysalis coticinna, 1250 
Haematopinidae, 1233 
Haematopiniis suis, 1233 
Haemogogus capricorni, 1266 
Ilelochara della, 1153 
liyalopterus atriplicis, 1179 
Hysteroneura setariae, 1183 
Illinoia solanifolii, 1179, 1182, 1183 
Ixodes persulcalus, 1250 
Ixodes ricinus, 1249 
Ixodidae, 1249, 1250, 1252, 1254 
I/eafhoppers, 1145, 1146, 1147, 1148, 
1150, 1153, 1154, 1155, 1156, 1157, 
1159, 1160, 1161, 1162, 1220 

Lipaphis pseudobrassicae, 1201 

Lumbrlcidae, 1269 
Lygus pralensis, 1222 
Macropsis trimaculata, 1148 
Macrosiphum ambrosiae, 1179 
Macrosiphum gei, 1171, 1178, 1180» 

1181, 1182, 1203 
Macrosiphum lilii, 1185 
Macrosiphum pelargonii, 1182 
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Viruses, Vectors of {continued) 
Macrosiyhum pm, 1179,1180,1181,1188 
MacTOsiphum solanifolii, 1164, 1171, 
1173, 1178, 1179, 1180, 1181, 1182* 
1183, 1185, 1188, 1193, 1203, 1204 
MacTOsteles divisus, 1147 
Metastrongylidae. 1269 
Metaslrongylus elongatus, 1269 
Miridae, 1221, 1222 
Moonia albimaculata, 1150 
Mosquito, 1230, 1252, 1254, 1259, 
1266, 1267, 1277 

Myzus circumflcxus , 1164, 1171, 1173, 
1176, 1177, 1185, 1200, 1204 
Myzus convolvuli, 1176, 1200, 1204 
Myzus frwjaefolii, 1195, 1207 
Myzus persicae, 1164, 1171, 1172, 
1173, 1175, 1176, 1177, 1178, 1179, 
1182, 1183, 1185, 1193, 1200, 1201, 
1203, 1204 

Myzus psetidosolani, 1164, 1173, 1204 
Neokolla circellaia, 1153 
Neokolla conjluens, 1153 
Neokolla gothica, 1153 
Neokolla hciroglyphica, 1153 . 
Nephoteilix apicalis, 1160 
Nepkoteitix hipunctatus, 1160 
Ophiola striatula, 1150 
Peniahnia nigronervosa, 1174, 1193 
Peregrinus maidis, 1161 
Perkinsiella saccharicida, 1157 
Perkinsiella vastalrix, 1157 
Philopteridae, 1280 
Piesma cinerea^ 1221 
Piesma quadrata^ 1221 
Piesmidae, 1221 
Pulicidae, 1246 
Reduviidae, 1254 

Phipicephalus appendiculaltis , 1249 
Rhopalosiphum mellijerum, 1176, 1177, 
1200 

Hhopaloaiphum prunifoliae, 1184 
Rhopalosiphum pseiidobrassicae, 1177, 
1179 

Taeniorhynckus brevipalpis , 1267 
'Phamnotettix argentatay 1148, 1154 
Thamnoteitix geminatus, 1147 
Thamnoieilix monfanus, 1147 
Thrlpldae, 1223 
Thrips iahaci, 1223 


Tick, American dog, 1252 
Toxcptera aurantii, 1202 
Toxopiera graminum, 1183 
Triaioma sanguisuga, 1254 
White flies, 1218, 1219 

Water 

Achromaliuni, 999 

.lc/iromo6acler, 418, 419, 423, 424, 
425, 426, 427 

Actinomyces, 968, 970, 972 
Aerobacter, 456, 457, 692 
Alcaligenes, 414 
Amoebobacter, 849, 850 
Ascobacterium, 647 
-4scococc»&*, 250 
Azotobacter, 221 

Bacillus, 612, 613, 644, 645, 648, 649, 
650, 651, 652, 653, 654, 655, 656, 657, 
658 , 659 , 661, 664 , 665, 666, 667, 668, 
669, 670, 671, 672, 693, 715, 721, 722, 
723, 725, 726, 732, 733, 734, 736, 737, 
738, 740. 742, 744, 746, 747, 748, 749, 
752, 754, 755, 756, 757, 758, 813, 814, 
815,816, 817,818,819,825 
Bacterium, 602, 605, 613, 641, 673, 674, 
675, 676, 677, 678, 679, 680, 681, 682, 
684, 685, 686, 688, 689, 690, 758, 760 
Blastocaulis, 836 
Caulobaclcr, 833 
Celltilomonas, 620 
Chlorohaclerium, 873 
Chlcrobium, 870 
Chlurochromatium, 873 
Chromalium, 857, 858 
Chromr^aclcrium, 232, 233, 234 
Clathrochloris, 872 
Clonothrix, 983 
Clostridium, 824 
Cprj/»ie6flc^cri«m, 397, 403, 404 
Crenolhrix, 987 
Cylindrogloca, 874 
Desulfovibrio, 208 
Diplococcus, 694 
Eperylhrozoon, 1115 
Eschenchia, 449, 450 
Ferribaclerium, 834 

Flavobacterium, 429, 431, 433, 434, 435, 
436, 437, 438, 439, 440, 441, 442. 611 
Gallionella, 831, 832 
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Granulobacillus, 826 
Hyphomicrobiurn, 837 
Larnprocystis, 847 
Lampropedia, 844 
Leptospira, 1077, 1078, 1079 
Leptoihrix, 984, 985, 986, 995 
Leuconosioc, 348 
Macromonas, 1001 
Methanobacterium, 646 
Micrococcus, 240, 245, 246, 250, 251, 
255. 256, 257, 258, 259, 261, 262, 270, 
271, 273, 274, 276, 277, 278, 280, 281, 
695 

Microspira, 202 
Naumanniella, 834 
Nevskia, 830 
Nocardia, 908 
Paracolobaclrum, 460 
Pasteurella, 551 
Pelodiclyan, 871, 872 
Protaminobacter, 190 
Proteus, 491 

Pseudomonas, 89, 90, 91, 93, 96, 97, 99, 
100, 101, 102, 103, 104, 145, 146, 147, 
148, 149, 173, 174, 175, 176, 178, 179, 
697, 698, 701 
Rhabdomonas, 854, 855 
Rhodococcus, 281 

Rhodopseudomonas, 864, 865, 866 

Rhodospirillum, 868 

Rhodolhece, 855 

Salmonella, 504 

Saprospira, 1055 

Sarcina, 287, 288, 291, 293, 294 

Serraiia, 481, 482, 483, 484, 485 

Siderocapsa, 833, 834 

Siderococcus, 835 

Siderocystis, 835 

Sideroderma, 835 

SideromonaSt S34 

Siderothece, 835 
Sphaerotilis, 982, 983 
Spirillum, 213, 214, 218, 701 
Spirochaeta, 1052, 1053, 1054, 1079 
Streptococcus, 337, 338, 339, 341, 345, 
702 

Terminosporus, 823 
Thir^acillus, 79, 81 
Thiocapsa, 845 


Thiocyslis, 847 
Thiodictyon, 845 
Thionema, 995 
Thivpedia, 843 
Thioploca, 994 
Thiopolycoccus. 850 
Thiosarcina, 843 
Thiosiphon, 995 
Thiospirillopsis, 993 
Tkiospirillum, 850, 851, 852, 853 
Thiothece, 846 
Thiothrix, 989, 990 
Thiovulujn, 1000 

Vibrio, 198, 199, 201, 202, 203, 204, 205. 
703 

Water, Source 
Aachen, Germany, 834 
Arctic Ocean, 857 
Black Sea, 1002 
Breslau, 834 
Caucasus, 832 
Crimea, 845 
Czechoslovakia, 835 
Finland, 835 
Florida, 845 

Frankfurt, Germany, 844 
Germany, 835 
Graz, Austria, 855,857, 858 
Minneapolis, Minnesota, 830 
Nikko, Japan, 859 
Petschora Sea, 832 
Russia, 835 
St Petersburg; 830 
Sweden, 835 

Sweden, Aneboda region, 832, 833, 834, 
835, 969, 983, 986 
Teufelsee, 834 

United States of America, 835 
White Sea, 832 
Worms, Germany, 834 

Waters, also see River Water, Spring 
Water, Sea Water and Tap Water 
Borax yielding water 
Sorcina, 294 
Bottled mineral waters 
Bacillus, 657 
Bacterium, 673 
Micrococcus, 695 
Proteus, 491 
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Brackish, muddy bottom of 
Spirillum, 215, 217 
Brewery, reservoir 
Sarcina, 290 
Caoal 

Bacillus, 655, 672 
Bacterium, 682, 688 
Thiobacillm, 81 
Chitin digesting bacteria, 632 
Cistern 

B'aclerium, 680 
Containing iron 
Actinomyces, 969 
Crenotkrix, 987 
Gallionella, 831, 832 
Leplothrix, 984, 985, 986 
lAeskeela, 986 
Containing manganese 
Leptolhrix, 985 
Creamery waste filter 
Pseudomonas, 177, 178 
Creek 

Aerohacter, 456 
Ditch 

Desulfotnhrio, 208 
Pseudomonas, 698 
Drainage 
Bacillus, 749 
Spirochaeta, 1053 
Filtered 

Pseudomonas, 149, 173 
Vibrio, 196 
Fish hatchery 
Achromobacier, 425 
Fountain 
Bacillus, 733 
Fresh water 

--, lime deposits 

Pseudomonas, 146 
Spirochaeta, 1052, 1054 

- 1 with algae 

Spirillum, 218 

Frozen, see Hail, Ice and Snow 
Glacial 

Pseudomonas, 145 
Grossly polluted 
Spirochaeta, 1053 
Hail, see Hail 
Ice, see Ice 


Lake 

Chromalium, 857, 858 
Clostridium, 824 
Gallionella, 831, 834 
Micrococcus, 276 
Rhabdomonas, 855 
Spirochaeta, 1053 
—, plankton 

Chitin digesting bacteria, 632 
Mineral, also see Bottled, niirioml 
waters 

Micrococcus, 268 
Peat bog 
Sphaerothrix, 086 
Pipes 

Clonothrix, 983 
Polluted 

Pseudomonas, 89 
Pond 

Chromalium, 857, 858 
Gallionella, 831, 834 
Leptospira. 1077 
Macromonas, 1001 
Rhabdomonas, 855 
Sphaerothrix, 986 
Spirochaeta, 1079 
Pool 

Chlamydozoon, 1115 
Polyangium, 1032 
Putrid 

Spirillum, 213, 216 
Bain, in bark of poplar tree 
Spirillum, 217 
River, see River Water 
Running water 
Crenothrix, 987 
Leuconostoc, 348 
Spkaerotilis, 982 

Salt seas and lakes, see Salt Seas and 
Lakes 

Salt, see Sea Water 
Slime in mines 
Leptospira, 1077 
Snow, see Snow 
Spring, see Spring Waters 

Stagnant 

Amoebobacter, 849, 850 
Bacillus, 667 
Bacterium, 681, 685, 688 
Chlorobaeterium, 873 
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Stagnant {continued) 

Chlorohium, 870 
Chlorochromaiium. 873 
Clathrochhris, 872 
Ctjlindrogloea, 874 
Lamprocystis, 848 
iMmpropedia, 844 
PelodictyoUj 871, 872 
Pseudomonas, 149 
Rhabdomonas, 854, 855 
Rhodopseiidomonas, 864, 865, 866 
Rhodospirilhm. 868 
Rhodolhece, 855 
Spha£rotilis, 982 
Spirillum, 213, 214, 216, 217 
Thiocapsa, 845 
Thiocystis, 847 
7'hiodictyon, 846 
Tkiopedia, 843 
Thiopolycoccus, 850 
Thiosarcina, 843 
Thiospirillum, 851, 852 
Tkiothece, 846 
Tkiotkrix, 989 

Streams, paper mill waste polluted 
Sphaerotilis, 982 
—, sewage polluted 
Spkaeroliiis, 982, 983 
Submerged surfaces 
Caulobacter, 833 
Gallionella, 832 
Leptothrix, 985 
Siderocapsa, 834 
Sideromonas, 834 
Sulfur 

Achromatium, 999 
Amoebobacter, 849, 850 
Bacterium, 685 
Beggiatoa, 992, 993 
Chlorobium, 870 
Chlorochromatium, 873 
Clathrocystis, 872 
Cylindrogloea, 874 
Lamprocystis, 848 
Microbacillus, 690 
Pelodictyon, 871, 872 
Rhabdomonas, 854, 855 
Rhodothece, 856 
Spirochaeta, 1053 


Thiocapsa, 845 
Thiocystis, 847 
Thiodiclyon, 846 
Thionema, 995 
Thiopedia, 843 
Thiopolycoccus, 850 
Thiosarcina, 843 
Thiospirillopsis, 993 
Thiospirilluyn, 851, 852 
Tkiothece, 846 
Thiothrix, 989, 990 
Thiovulum, 1000 
Sulfur, stream containing 
Macromonas, 1001 
Surface 

Paracolobactrum, 460 
Swamp 

Bacillus, 659, 813, 814, 816, 817, 810 
Lampropedia, 844 
Leptothrix, 986 
Methanococcus, 285 
Sideromyees, 986 
Sphaerotilis, 983 
Spirochaeta, 1053 
Tap waters, see Tap Waters 
Trickling filter 
Pseudomonas, 177, 178 
Vibrio, 206 
Unfiltered water 
Pseudomonas, 90, 97 
Waste 

Bacitlus, 742, 744, 758 
Waste from sugar factory 
.Sarcma, 293 
Wells, in chalk region 
Flavobacterium, 429 
Well water 
Bacillus, 815 

Chromobacterium, 233, 234 
Lampropedia, 844 
Leuconostoc, 348 
Pseudomonas, 701 
Serratia, 484 
Thiospirillum, 853 

Water Works 
Clonothrix, 983 

Wine 

Acetobacter, 186 
Bacillus, 654, 668, 672, 753 
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Wine {continued) 

Bacierium, 362, 673, 684, 689 
Laclohacillus, 359, 361, 363 
Micrococcus, 251, 259, 267, 280 
Pseudomonas, 149 
Streptococcus, 345 
—, cellars 
ilficrococcu^, 277 
Streptococcus, 340 
—, slimy 

Streptococcus, 340 
Yeast 

Bacillus, 741 
Bacterium, 680, 687 
Clostridium, 824 
Lactobacillus, 361 


Pediococcus, 240, 250 
Sarcina, 290, 291, 292, 293, 294 
—, baker’s 
Streptococcus, 336 
—, beer 

Bacillus, 749 
Pediococcus, 249 
—, brewer’s 

Flavobacterium, 439 
—, distillery 
Lactobacillus, 360 
—, mash 

Pseudomonas, 146 
—, pressed 

Flavobacterium, 613 
Lactobacillus, 358 



INDEX OF THE NAMES OF GENERA AND SPECIES* 


(For Index of the Names of Orders, Families, Genera and Groups of Intermediate 

Rank, See Table of Contents, p. XI.) 


aaser (Streptothrix), 976 
abaca (Marmor), 1193 
abbreviaium (Chloronostoc), 870 
aberdeen {Salmonella)^ 526 
abony {Salmonella)y 502 
aboriginalis {Spirochaeta)^ 1065 
abonginalis {Spiroschaudinnia), 1065 
aboriginalis {Treponema), 1065 
abortivoequina (Salmonella), 495, 606 
aborlivo-eqiiinus {Bacillus), 506 
ahortivum {Bacterium), 561 
aborlivus {Bacillus), 506 
ahortivus equinus {Bacillus), 506 
abortum-equi {Bacterium), 506 
abortus {Alcaligenes), 561 
abortus {Bacillus), 561, 562 
abortus {Bacterium), 561, 562 
abortus (Brucella), 43, 661, 562 
abortusbovis (Salmonella), 495, 502, 607 
abortus canis {Sahnonella), 530 
abortus endemici {Corynebaclerium), 561 
abortus equi {Bacillus), 506 
abortus-equi {Salmonella), 493, 506 
aborlus-equi {Streptococcus), 336 
abortus equinus {Bacillus), 506 
abortus ovis {Bacterium), 506 
abortusovis (Salmonella), 493, 495, 606 
abortus suis {Bacillus), 562 
abortus var. lipolyticus {Bacillus), 390 
aborttis var. lipolyticus {Bacterium), 390 
abscessus {Actinobacterium), 928 
abundans {Mycothrix), 983 
abutilon (Marmor), 1186 
abysseus {Bacillus), 736 
accidentalis {Bacillus), 649 
accidentalis tetani {Bacillus), 649 
accidentalis tetani {Bacterium), 649 


aceria {Achromubacter), 456 

aceris {Bacillus), 456 

aceris {Phytomonas), 113 

aceris (Pseudomonas), 113 

acernea {Phytomonas), 165 

acernea {Pseudomonas), 165 

acernea (Xanthomonas), 166 

aceti (Acetobacter), 179, 181, 1S3, 692 

aceti {Bacillus), 181, 182, 761 

aceti {Bacteriopsis), 181 

aceti {Bacterium), 179, 181 

aceti (il/icrococcus), 181 

aceti {Mycoderma), 181 

aceti {Termobactcrium), 185 

aceti {Torula), 181 

aceti {Ulvina), 181 

aceti {Utnbina), ISl 

aceti viscosum {Bacillus), 188 

aceti viscosum (Bacterium), 188 

accticu7n {Bacterium), 454, 683, 692 

aceticum {Clostridiurn), 819 

aceticus {Bacillus), 181 

accticus petersii (Bacittus), 683 

aceticus pctersii (Bacterium), 683 

acetigenum (Acetobacter), 186 

acetigenum {Bacillus), 186 

acetigenum (Bacterium), 186 

Acetiwonas, 8, 180 

Acetobacter, 9, 18, 21, 23, 25, 29, 31, 43, 
179, 189 

Acetobacterium, 18, 179 
acetobutylicum (Clostridium), 780, 805, 
825 

acetobutyricum (Ctostridium), 780, 807 
aceloelhylicum {Bacillus), 721 
aceloethylicus (Aerobacittus), 721 
acetogenesa {Bacillus), 352 


•Index prepared by Prof. Robert S. Breed and Mrs. Margaret E. Breed, New York 
State Experiment Station, Geneva, New York, June, 1947. 
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acetogenes /3 (Bacillus), 352 
acetogenes exilis (Bacillus), 352 
acetogenes proieiformis (Bacillus), 352 
Acetogluconobacier, 180 
aceionigenum (Clostridium), 780 
acetonobutylicum (Clostridium), 780 
acetosa (Ulvina), 692 
acetosum (Acetobacter), 186, 692 
acetosum (Bacillus), 182 
acetosum (Bacterium), 185 
acetylckolini (Bacterium), 336 
acetylicum (Flavobacterium), 611 
achalmei (Bacillus), 791 
Achromatium, 16, 24, 29, 995, 996, 997, 
998, 1000 

Achromobacter, 20, 31, 32, 417, 422, 609 
Achromobacterium, 417 
achrous (Bacillus), 612 
achrous (Micrococcus), 251 
acidi acetici (Bacillus), 813 
acidi butyrici (Bacillus), 814 
acidi butyrici I (Bacillus), 814, 816 
acidifaciens (Bacillus), 736 
acidificans (Bacillus), 355 
acidificans (Micrococcus), 238 
acidificans (Sarcina), 290 
acidificans longissimus (Bacillus), 355 
acidificans-longissimus (Lactobacillus),Z55 
acidificans presamigenes casei (Bacillus), 
737 

acidificurn (Flavobacterium), 440 
acidiforrnans (Bacillus), 613 
acidiformans (Bacterium), 613 
acidi laciici (Bacillus), 323, 447 
acidi laciici I (Bacillus), 447 
acidi laciici II (Bacillus), 447 
acidi laciici (Bacterium), 447, 664 
acidi laciici I and II (Bacterium), 447, 
664 

acidi laciici (Encapsulatus), 447 
acidilactici (Escherichia), 447 
acidi-lactici (Micrococcus), 249, 251 
acidilactici (Pediococcus), 249 
acidi laciici (Plocamohacterium), 691 
acidi-lactici (Sphaerococcus), 336 
acidi lactici (Streptococcus), 323, 336 
acidi laciici liguefaciens (Micrococcus),^S 


acidi laciici var. gruenthali (Bacillus), 451 
acidilactici var. gruenthali (Bacterium), 
451 

acidi lactis (Micrococcus), 238 
acidi lactis liguefaciens (Micrococcus), 238 
acidi lactis longus (Bacillus), 702 
acidi laevolactici (Bacillus), 348, 680 
acidi laevolactici (Bacterium), 348, 680 
acidi laevolactici (Micrococcus), 267 
acidi paralactici (Bacillus), 324 
acidi paralactici (Micrococcus), 323 
acidi paralactici liguefaciens (Micrococ¬ 
cus), 263 

acidi para-lactici liguefaciens kalensis 

* 

(Micrococcus), 263 
acidi propionici (Bacillus), 378 
acidi propionici (Bacterium), 672 
acidi propionici a (Bacterium), 373 
acidi propionici b (Bacterium), 376 
acidi propionici c (Bacterium), 376 
acidi propionici d (Bacterium), 373 
acidi propionici (Plocamohacterium), 672 
acidi propionici yar.fuscum {Bacterium), 

373 

acidi propionici var. ruhrum (Bacterium), 

374 

acidi urici (Bacillus), 795 
acidi urici (Clostridium), 795 
acido-aromaticus (Bacillus), 647 
Acidobacterium, 349 
acidominimus (Streptococcus), 336 
acidophil-aerogenes (Bacillus), 358 
acidophil-aerogenes (Lactobacillus), 358 
acidophilum (Plocamohacterium), 352 
acidophilum (Thermobacterium), 352 
acidophilus (Actinomyces), 956 
acidophilus (Bacillus), 352, 353, 361, 363 
acidophilus (Lactobacillus), 363, 362 
acidophilus (Streptomyces), 966 
acidophilus odontolyticus (Bacillus), 363, 
365 

acidophilus odontolyticus I and II (Bacil¬ 
lus), 363 

acidophilus odontolyticus I and II (Lacio- 
bacillus), 363 

acidophilus odontolyticus I, II and 77/ 
(Lactobacillus), 363 
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acid-aeri 


acidoproteolyticus (Mammococcus), 327 
acido-proteolyticus casei {Bacillus), 737 
acido-proteolylicus casei I (Coccus), 327 
acido-proteolyticus casei II (Coccus), 327 
acidovorax (Micrococcus), 251 
acidula (Cellulomonas), 614 
acidulum (Bacterium), 614 
acidum (Achromobacter), 422 
acidum (Bacterium), 422 
acidum (Corynehacterium), 402 
acne (Micrococcus), 251 
acne (Staphylococcus), 251 
acnes (Actinomyces), 387 
acnes (Bacillus), 387 
acnes (Bacterium), 401, 658 
acnes (Corynehacterium), 387 
acnes (Fusiformis), 387, 583 
acnes (Propionibacteriutn), 387 
acnes contagiosae (Bacillus), 401, 658 
acnes contagiosae (Bacterium), 658 
acodoni (Grahamella), 1109 
acridicida (Micrococcus) (Staphylococcus), 
251 

acndtorwm (Bacillus), 690 
acridiorum (Coccobacillus), 491, 690 
Acrogenus, 1202 
acropoma (Coccobacillus), 636 
Actinobacillus, 9, 22, 27, 666, 926 , 
actinobacter (Bacillus), 456 
Actinobacterium, 34, 38, 892, 925 
Actinocladothrix, 925 
actinocladothrix (Bacleriuyn), 925 
Actinococcus, 15, 17, 892 
actinoides (Actinobacillus), 668 
aclinoides (Actinomyces), 558 
actinoides (Bacillus), 558 
Actinoidomyces, 20, 23 
actinomorpha (Nocardia), 899, 912 
Qctinomorphum (Mycobacteriu7n), 912 * 

actinomorphus (Actinomyces), 912 
actin(nnorphu8 (Proactinomyces), 912 
Actinomyce, 925 

Actinomyces, 9, 12,17, 18, 19, 23, 27„28, 
38, 42, 43, 875, 892, 917, 919, 921, 925, 
972, 979, 1289 

actinomycea (Cladothrix), 925 
aetinomyces (Nocardia), 925 


actinomyces (Streptothrix), 925 
Actinomyces sp., Bruns, 923 
Actinomyces sp., Lowenstein, 973 
actinomycetcmcomitans (Actinobacillus), 
667, 692 

actinmnycetemcofnitans (Bacillus), 692 

actinomycetem comitans (Bacterium), 557 

Actinomycoides, 27 

actinomycotica (Streptothrix), 925 

activus (Staphylococcus), 701 

Acuformis, 33, 34, 763 

acwninata (Cristispira), 1056 

acuminata (Spirochaeta), 1056, 1065 

acuminata (Spiroschaudinnia), 1065 

acuminatian (Bacterium), 674 

acuminatum (Saccbarobacterium), 623 

acuminatum (Treponema), 1065 

acuminaius (Bacteroides), 353 

acuminatus (Diplobacillus), 353 

acuta (Pseudomonas), 145 

acuta (Spirochaeta), 1065, 1074 

acutangulus (Bacillus), 647 

acutus (Bacillus), 647 

Acystia, 13, 516 

adametzii (Bacillus), 647, 737 

adametzii (Bacterium), 758 

adamsoni (Corynebacterium), 388, 402 

adanti (Klebsiella), 459 

adaptatus (Vibrio), 702 

adelaide (Salmonella), 530 

Adelonosus, 1211 

adenitis equi (Bacillus), 317 

aderholdi (Bacilltis), 360 

adhaerens (Bacillus), 43, 737, 739, 746 

adriaticum (Thiosiphon), 995 

aeglefini (Spirochaeta), 1064 

aegyptiacum (Bacterium), 585 

aegyptiacus (Bacillus), 737 

aegyptica (Spirochaeta), 1065 

aegyptica (Spironema), 1065 

aegypticum (Borrelia), 1065 

acgypticus (Bacillus), 676 

aegyptium (^ac^ertwm), 677 

aerifaciens (Bacillus), 737 

aeris (Bacillus), 647 

aem (Bacterium), 672 

aeris minutissimus (Bacillus), 672 
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aeri-aggr 


aeris-minutissimum (Bacterium), 672 
aerius (Micrococcus), 251 
Aerobacillus, 20, 22, 27, 28, 30, 31,720, 737 
Aerobacter, 10, 21, 26, 30, 31, 37, 443, 448, 
463, 464 

Aerobacteroides, 27 
aerobius (Bacillus), 647 , 660, 737 
aerobius (Streptococcus), 336 
aerofaciens (Bacteroides), 362, 368 
aerofaciens (Eubacterium), 368 
aerofoetidum (Clostridium), 781 
aerofoelidus (Bacillus), 781 
aerofoelidus (Seguinillus), 781 
acrogenes (Acidobacteriurn), 361 
acrogenes (Aerobacter), 444,464,456,457, 
460, 602 

acrogenes (Bacillus), 454, 647, 659 
acrogenes (Bacterium), 454, 672 
Aerogenesbacterium, 11, 453 
acrogenes I and II (Bacterium), 672 
acrogenes (Colobactrum), 454 
acrogenes (Encapsulata) (Bacillus), 454 
acrogenes (Hclicobacterium), 690 
aerogencs (Micrococcus), 246, 251 
acrogenes (Plocamobacterium), 361 
acrogenes (Staphylococcus), 246 
aerogcnes (Streptococcus), 336 
acrogenes (Welchillus), 790 
acrogenes-capsulatum (Clostridium), 700 
aerogeiies capsulatus (Bacillus), 789, 790 
acrogenes capsulatus (Bacterium), 790 
aerogcnes gangrenosae (Bacillus), 813 
acrogenes meningitidis (Bacillus), 662 
acrogenes necrosans (Bacillus), 820 
aerogcnes sputigenus capsulatus (Bacillus), 
647, 686 

acrogenes vesicae (Bacillus), 653 
aerogcnes vesicae (Bacterium), 653 
aerogcnes vesicae (Coccobacillus), 653 
aerogenoides (Paracolobactrum), 460, 490 
aerogenosus (Bacillus), 126 
Aeromonas, 29, 30, 101 
aerophilum (Achroraobacter), 610 
aerophilum (Bacterium), 737 
aerophilum (Urobacterium), 610, 691 
aerophilus (Bacillus), 737 
aeropkilus (Streptococcus) 336 


aerosporus (Bacillus), 720 
aero-tertius (Bacillus), 812, 827 
aerothermophilus (Bacillus), 734 
Aerothrix, 929 
aerlrycke (Bacillus), 502 
aertrycke (Bacterium), 502 
aertrycke (Salmonella), 502 
aerlrycke var. meleagridis (Salmonella)^ 

502 

aerlrycke var. Storrs (Salmonella), 503 
ncrugineus (Actinomyces), 967 
aeruginosa (Pseudomonas), 89, 126, 693, 

701 

aeruginosum (Bacterium), 89 
aeruginosus (Bacillus), 89 
aeschynomenus (Bacillus), 647 
aestuarii (Desulfovibrio), 208, 209 
aesluarii (Microspira), 208 
aestuinarina (Pseudommas), 697 
aetatulae (Morator), 1227 
aUhebius (Bacillus), 647 
aethebius (Micrococcus), 266 
aethebius (Streptococcus), 266 
aevi (Marmor), 1200 
afanassiejfi (Bacillus), 737 
afermentans (Micrococcus), 695 
africana (Nocardia), 959 
africanus (Actinomyces), 959 
africanus (Streptomyces), 969 
agalacliae (Borrelomyces), 1292 
agalactiac (Capromyces), 1292 
agalactiae (Streptococcus), 319 
agalactiac eontajiosae (Streptococcus), 319 
agalaxiae (Anulomyces), 1292 
agar-exedens (Bacillus), 631 
agar-liquefaciens (Microspira), 200 
agarliquefaciens (Vibrio), 200 
agarlylicus (Vibrio), 702 
agglomerans (Bacillus), 489 
agglomeratus (Bacillus), 716 
agglutiruins (Lactococcus), 336 
agglulinans (Leuconostoc), 346 
aggregata t (Sorochloris), 870 
aggregatum (Chlorochromatium), 359, 

873, 874 

aggregatum (Pelodictyon), 871, 872, 874 
aggregatus (Streptococcus), 308 
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agil-albi 


agile (Achromobacier), 422 

agile (Azotobacter), 219, 220 

agile (Bacterium), 423 

agile (Nitrobacter), 74 

agile var. atypica (Azotobacter), 220 

agilis (Bacillus), 423, 647, 737 

agilis (Hydrogenomonas), 78 

agilis (Alicrococcus), 246 

agilis (Planococcus), 245 

agilis (Planosarciua), 245 

agilis (Rhodococcus), 245 

agilis (Sarcina), 245, 290 

agilis (Spirochaeta), 1053 

agilis (Thiospira), 853 

agilis (Thiospirillum), 853 

agilis var. polonica (Tkiospirilium), 853 

agilis albus (Micrococcus), 251 

agilis citreus (Micrococcus), 288 

agilis larvae (Bacillus), 737 

agilis ruber (Micrococcus), 245 

agilissima (Thiospira), 702 

agilissimum (Spirillum), 701, 702 

agillimus (Bacillus), 647 

agliaceus (Malleomyces), 556 

agni (Bacillus), 790 

agni (Welchia), 790 

agni var. ovitoxicus (Welchia), 790 

ogni var. paludis (Welchia), 790 

agnorum (Bacillus), 648 

agresU (Bacterium), 673 

agreste (Mycobacterium), 902 

agrestis (Actinomyces), 902 

agrestis (Bacillus), 673, 737 

agrestis (Proaclinomyces), 902 

agri (Bacillus), 737 

agrigena (Paateurella), 668, 673 

agrigenum (Bacterium), 673 

Agrobacterium, 227, 230 

agrophilus (Bacillus), 737 

agropyri (Aplanobacter), 395 

agropyri (Bacterium), 395 

agropyri (Corynebacterium), 396 

agropyri (Marmor), 1202 

agropyri (Phytomonas), 395 

agropyri var. (Afarmor), 1202 

agropyri var. iypicum (A/armor), 1202 

agrolidis typhoides (Bacillus), 737 


akamushi (Rickettsia), 1090 
akari (Rickettsia), 1092 
alacer (Bacillus), 648 
alactagae (Grahamella), 1109 
alactolylicum (Ramibacterium), 701 
alactosus (Streptococcus), 337 
alaius (Bacillus), 648 
alba (Bactoderma), 75 
alba (Beggiatoa), 992, 993 
alba (Cladothrix), 934 
alba (Escherichia), 452 
alba (Nocardia), 934 
alba (Oospora), 918, 968 
alba (Oscillatoria), 992 
alba (Pseudomonas), 145 
alba (Sarcina), 42, 290 
alba (Slreptothrix), 933, 908, 976 
alba var. incana (Sorcma), 290 
alba var. marina (Beggiatoa), 992 
alba var. uniserialis (Beggiatoa), 9S9 
albarrani (Bacterium), 580 
albatus (Bacillus), 648 
albatus (Micrococcus), 251 
albensis (Vibrio), 203, 702 
albescens (Micrococcus), 251 
albicans (A/icrococcus), 252 
albicans (Neisseria), 252 
albicans (Staphylococcus), 281 
albicans (Streptococcus), 337 
albicans amplus (Diplococcus), 252 
albicans amplus (Micrococcus), 252, 281 
albicans pgteriformis (Bacillus), 683 
albicans tardissimus (Diplococcus), 278 
albicans tardissimus (Micrococcus), 278 
albicans tardus (Diplococcus), 278 
albicans tardus (Micrococcus), 278 
albida (Cellulomonas), 620 
albida (Nocardia), 896, 949 
albida (^Sarcina), 290 
albido (Slreptothrix), 949 
albido-flava (Cladothrix), 949 
albido-jiava (Streptotrix), 949 
albido-Jlavus (Actinomyces), 949 
albidoflavus (Streptomyces), 949, 950 
albidofuscus (Actinomyces), 967 
albidus (Actinomyces), 967 
albidus (Bacillus), 620 
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albidus (Micrococcus), 251, 277 
albidus (Streptococcus), 337 
albilineans (Bacterium), 639 
' albilineans (Phytornonas), 639 
alboairus (Actinomyces), 967 
albocereus (Micrococcus), 251, 281 
Albococcus, 8, 235 
albofaciens (Bacillus), 544 
albofaciens (Shigella), 544 
albofiavum (Protaminobacter), 189, 190 
albojlavus (Actinomyces), 954 
alboflavus (Streptomyccs), 954 
albogilva (Cytophaga), 1014 
al o-lacleum (Clostridium), 819 
albolactis (Bacillus), 716 
alboluteum (Clostridium), 819 
alboprecipitans (Bacterium), 142 
alboprecipitans (Phytornonas), 142 
alboprecipitans (Pseudomonas), 141 
albosporea (Nocardia), 954 
aliosporeus (Actinomyces), 954 
ulbosporeus (Streptomyces), 964 
alboviridis (Actinomyces), 940, 968 
album (Achromobacter), 423 
album (Bacterium), 42, 423, 648, 673 
album (Citrobacter), 448 
album (Corynebacterium), A02 
album (Mycobacterium), 890 
album liquejaciens (Clostridium), 819 
album minor (Clostridium), 819 
album noJt-liquefaciens (Clostridium), 819 
albuminis (Bacillus), 799 
albuminis (Bacillus) (Strepiobacter), 737 
albuminosus (Flexibacter), 38 
albuminus (Bacillus) (Strepiobacter), 727 
albus (Actinomyces), 924, 934, 940, 968 
albus (Alcaligenes), 416 
albus (Bacillus), 42, 423, 648, 737, 738 
albus (Cellulomonas), 737 
albus (Galaclococcus), 250 
albus (Micrococcus), 242, 249, 251, 252, 
253 257, 258, 260, 261, 262, 263, 264, 
265, 266, 267, 268, 269, 272, 273, 274, 
275, 276, 277, 279, 280, 281, 347, 891 
albus I (A/icrococcu^), 257 
albus II (Micrococcus), 252, 270 
albus (Pediococcus), 249 


albus (Proactinomyces), 923 
albus (Staphylococcus), 242, 1140, 1141, 
1142 

albus (Streptococcus), 337 
albus (Streptomyces), 933, 943, 947, 949 
albus var. a (Actinomyces), 934 
albus var. acidus (Actinomyces), 915, 934 
albus var. cretaceus (Actinomyces), 934 
albus var. maltigenes (Micrococcus), 695 
albus var. ochraleuceus (Actinomyces), 
934, 968 

albus var. tossica (Actinomyces), 918 
albus var. toxica (Actinomyces), 934 
albus acidus (Actinomyces), 915, 934 
albus anaeroliescens (Bacillus), 648 
albus asporogenes (Actinomyces), 968 
albus cadaveris (Bacillus), 669 
albus cadaveris (Barterium), 669 
albus JluidiJicans (Micrococcus), 257 
albus liquejaciens (Micrococcus), 274 
albus liquejaciens (Staphylococcus), 281 
albus non liquejaciens (Coccus), 261 
albus non liquejaciens (Staphylococcus), 

281 

albus pulidus (Bacillus), 648 
albus putridus (Bacillus), 648 
albus urinae (Micrococcus), 279 
albus’vulgaris (Actinomyces), 968 
alcalescens (Bacillus), 450 
alcalescens (Escherichia), 450 
alcalescens (Micrococcus), 303 
alcalescens (Veillonella), 303 
alcalescens var. gingivalis (Veillonella), 
304 

alcalescens var. minutissima (yeillonella), 
304 

alcalescens var. syzygios (Veillonella), 304 
alcaliaromodicum (AchromobMter),^^^ 
alcaliaromaticum (Bacterium), 416 
alcalijaciens (Bacillus), 400 
alcaltjaciens (Eberthella), 533 
Alcaligenes, 10, 21, 30, 32, 412» 416 
alcaligenes (Acujormis), 801 
alcaligenes (Bacillus), 413 
alcaligenes n'um), 413 
alcaligenes (Clostridium), 601 
al^ligenes (Palmula), 801 
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alca-amet 


olcaligtmi {W6no), 413 

alcnlinofoctidus (Alcaligenes), 416 

alcalinofoeiidus {Bacillus)^ 416 

alcalinus {Tkermobacillus), 734 

alcalopkiluB (Bacillus) ^ 738 

aids (Klebsiella)f 459 

alcoholphilus (Lactobacillus), 363 

aleuritidis (Bacterium), 131 

aleuritidis (Phyi(monas), 131 

aleuritidis (Pseudomonas), 131 

dfalfae (Bacterium), 165 

alfalfas (Pkytomonas), 165 

alfalfae (Pseudomonas), 165 

alfalfae (Xanthomonas), 166 

algeriense (Bacterium), 673 

alginicum (Bacterium), 641 

algiuovorum (Bacterium), 626 

algosus (Vibrio), 702 

oliphaticum (Bacterium), 673 

aliphaticum liquefaciens (Bacterium), 673 

alkalescens (Bacillus), 539 

alkalescens (Bacterium), 539 

alkalescens (Ebertkella), 539 

alkalescens (Proskigella), 539 

alkalescens (Shigella), 639, 540, 543 

allanloicus (Streptococcus), 337 

allantoides (Bacillus), 673 

allantoides (Bacterium), 673 

alter (Leuconostoc), 346 

alliariae (Bacillus), 477 

alliariae (Ertdnia), 477 

aim (Bacillus), 697 

aim (Pseudomonas), 145, 697 

alliicola (Phytomonas), 136 

ftlliicola (Pseudomonas), 136 

aUium (Bacterium), 145 

aUuvialum (Mycobacterium), 919 

alma (Cellulomonas), 620 

almquisti (Actinomyces), 934, 947, 968 

oimiM (Bacillus), 620 

oini (Actinomyces), 068 

aloes (Bacterium), 758 

alopecuri (Badllus), 738 

alpha (Badllus), 648, 738 

alpha (Micrococcus), 279 

alpha (Oospora), 934 

»*Pha (Phague), U41 


alpha (Streptothrix), 976 
alpha (Tarpeia), 1268 
alpinus (Bacillus), 738 
altendorf (Salmonella), 506 
alternans (Zygoplagia), 13 
alutacea (Pseudomorias), 178 
alutacea (Sarcina), 290 
alutaceum (Bacterium), 673 
alv:aris (Cryptococcus), 337 
alvearis (Streptococcus), 337 
alvei (Bacillus), 723. 724, 728, 745 
alveicola (Proteus), 490 
alveolaris (Bacillus), 738 
alvi (il/icrococcus), 274 
amabilis (Bacillus), 648 
amabilis (Bacterium), 648 
amager (Salmonetla), 524 
amaracrylus (Aerobacillus), 720 
amaracrylus (Bacillus), 720 
amaranthi (BacteriuMi)i 178 
amaranthi (Phytomonas), 178 
amaranti (Pseudomonas), 178 
amarifaciens (Micrococcus), 238 
amarificans (Bacillus), 716 
amarillac (Bacillus), 648 
amarillum (Pleclridium), 814 
amarus (Bacillus), 648, 738 
arrdtigua (Ebertkella), 536 
ambigua (Pseudomonas), 103, 697 
ambigua (Shigella), 636 
ambigua (Spirockaeta), 1065 
ambigua (Treponema), 1065 
ambiguum (Achromobacter), 103 
ambiguum (Bacterium), 536, 673, 697 
ambiguus (Bacillus), 103, 536 
ambratus (Streptococcus), 337 
americana (Cohnislreptothrix), 974 
americanum (Clostridium), 819 
americanus (Actinomyces), 075 
amerieanus (Nitrosococcus), 71 
americanus (Proteus), 490 
amerimnus (Bacillus), 648 
amersfoort (Satmonella), 611 
amelhyslina (Pseudomonas), 233 
amethystinum (Chromobacterium), 232 
amelhystinus (Bacillus), 232, 233 
amethysUnus (Bacterium), 232 
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amethijstinus mobilis {Bacillus) ^ 233 
amethyslinus mobilis (Bacterium), 233 
amforeti (Bacterium), 673 
amkerstiana (Salmonella), 515 
aminovorans (Bacillus), 738 
ammoniac (Proteus), 490 
amtnoniae (Salmonella), 490 
ammoniagenes (Alcaligenes), 416, 607 
ammoniagenes (Bacterium), 416, 607 
amocontactum (Flavobacterium), 631 
Amoebobacter, 16 , 23 , 26, 848, 849, 850 
Amoebomonas, 8, 25, 848 
amphibiae (Spirochaeta), 1065 
amphibolus (Vibrio), 702 
amplelopsorae (Bacillus), 227 
amplus (Micrococcus), 252 
ampullaceus (Micrococcus), 252 
arnularium (Mannor), 1212 
amygdaloides (Bacillus), 648 
amylifera (Thiosphaerella), 998, 999 
amyliferum (Spirillum), 217 
amyloaceum var. auranticum (Propioni- 
bacterium), 379 
amyloaerobius (Bacillus), 738 
Amylobacter, 743, 748, 763 
amylobacter (Bacillus), 771 
amylobacter I (Bacillus), 771, 824 
amylobacter 11 (Bacillus), 771, 824 
amylobacter III (Bacillus), 771, 824 
amylobacter (Clostridium), 771 
amylobacter (Metallacter), 771 
amylobacter immobilis (Bacillus), 790,826 
amylobacter mobilis (Bacillus), 771 
amylobacter S and W (Bacillus), 772, 824 
amylocella (Vibrio), 203 
amyloclasticus (Bacillus), 813 
amyloclasticus intestinalis (Bacillus), 813 
amylolactis (Streptococcus), 325 
amylolyticus (Bacillus),,738 
amylophilum (Pectinobacter), 823 
amyloruber (Bacillus), 484 
amyloruber (Erythrobacillus), 484 
amylorubra (Serraiia), 484 
amylovora (Erwinia), 466, 1135 
amylovorum (Ackromobacter), 423 
amylovorum (Bacterium), 465 
amylovorum (Urobacterium), 423 


amylovorus (Bacillus), 465 
amylovorus (Micrococcus), 465 
amylozyma (Bacillus), 771 
amylozyme (Clostridium), 771 
amylozymicus (Bacillus), 771 
Anaerohacillus, 27, 763 
Anaerobe No. Ill, Fliigge, 813 
Anaerobe No. IV, Fliigge, 814 
anaerobia (Gaffkya), 284 
anaerobic No. V (Bacillus), 818 
anaerobic No. VIII (Bacillus), 813 
anaerobicum (Bacterium), 687, 819 
anaerobicus (Bacillus), 820 
anaerobicus alcaligenes (Bacillus), 801 
anaerobicus caproicus (Bacillus), 820 
anaerobicus liquefaciens (Bacillus), 819 
anaerobicus magnus (Streptobacillus), 823 
anaerobicus minulus (Bacillus), 368 
anaerobicus parvus (CoccohacUlus), 368 
anaerobicus rectus (Streptobacillus), 822 
anaerobicus tenuis (Bacillus), 821 
anaerohies (Actinomyces), 922 
anaerobies (Oospora), 922 
anaerobiontica (Pasteurella), 581 
anaerobium (Achromobacier), 423 
anaerobium (Bacterium), 673 
anaerobium (Corynebacterium), 388, 402 
anaerobius (Micrococcus), 247, 281 
anaerobius (Staphylococcus), 247, 248 
anaerobius (Streptococcus), 328, 345 
anaerobius (Tetracoccus), 284 
anaerobius carduus (Streptococcus), 328 
anaerobius chromogenes (Bacillus), 805 
anaerobius diphtheroides (Bacillus), 402 
anaerobius foetidus (Bacillus), 782 
anaerobius gonoides (Streptococcus), 328 
anaerobius gracilis (Bacillus), 580 
anaerobius haemolysans (Bacillus), 820 
anaerobius liquefaciens (Bacillus),^!, 819 
anaerobius magnus (Bacillus), 823 
anaerobius major (Staphylococcus), 281 
anaerobius micros (Streptococcus), 328, 
330 

anaerobius minor (Staphylococcus), 
anaerobius perfoetens (Coccobacillus), o 
anaerobius rectus (Bacillus), 822 
anaerobius tenuis (Bacillus), 821 
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anae-anth 


anaerobius tenuis (Leptothrix), 365 
anaerobius vulgaris (Streptococcus), 328 
anaerobius typ. vulgaris (Streptococcus), 
328 

anaerogenes (Bacillus), 533 
anaerogenes (Bacterium), 533 
anaerogenes (Escherichia), 533 
Anaeromyces, 925 
ananas (Bacillus), 473 
ananas (Bacterium), 127, 473 
ananas (Erwinia) 127, 473 
ananas (Ph7jtomonas), 127 
ananas (Pseudomonas), 127, 473 
Anaplasma, 1100 
anata (Escherichia), 523 
anatipestifer (Hemophilus), 554 
anatipeslifer (Pfeijferella), 554 
onalis (Bacterium), 523, 552 
anatis (Corynethriz), 406 
anatis (Salmonella), 498,502, 623, 642 
anatis (Spirochaeta), 1059 
anatum (Bacterium), 523 
anatum (Salmonella), 43, 523 
anatum var. aertrycke (iSa^monc//a), 502 
anatum var. muenster (Salmonella), 523 
anatum var. nijborg (Salmonella), 523 
anceps (Bacillus), 648 
anceps (Leptotrichia), 367 
anceps (Rasmussenia), 367 
andoi (Vibrio), 201 
andropogoni (Bacterium), 142 
andropogoni (Phytomonas), 142 
andropogoni (Pseudomonas), 142, 169, 
1136 

anemoeon (Microsporon), 918 
anemones (Galla), 1168 
anginosus (Streitococcus), 333, 334 

Angiococcus, 1047 

angliae (Marmor), 1200 
anglomerans (Bacillus), 173 
anguillarum (Bacillus), 673 
anguillarum (Bacterium), 673 
anguillarum (Vibrio), 203 
angulana (Bacillus), 758 
angulata (Phytomonas), 113 
angulata (Pseudomonas), 113, 124 
angulatum (Bacterium), 113 


angulosum (Clostridium), 801, 827 
angulosus (Bacillus), 801, 827 
angulosus (Bacieroides), 801 
angustum (Bacterium), 673 
anhaemolyticus (Streptococcus), 337 
anhaemolyticus vulgaris (Streptococcus), 
337, 343 

anindolica (Escherichia), 452 
anindolicum (Bacillus), 452 
anindolicum (Cilrobacier), 448 
an7iamensis (Corynebacterium), 402 
annamensis (Salmonella), 530 
annulare (Photobacterium), 636 
annularis (Microspira), 636 
annulata (Pseudomonas), 173 
annulata (Thiothrix), 990 
annulaies (Bacterium), 693 
annulatum (Flavobaclerium), 173 
annulatus (Actinomxjces), 968 
annulalus (Actinomyces) (Streptothrix), 
968 

annulatus (Bacillus), 173, 648, 693 
annulatus (Micrococcus), 252 
annuliformans (Bacillus), 580 
annuliformis (Bacillus), 738 
Annulus, 1212 

anodontac (Cristispira), 1066, 1056 
anodontae (Spirochaeta), 1055 
anolium (Scrratia), 461 
anoxydana (Colloides), 595 
anserina (Borrelia), 1068 

• 

anserina (Spirochaeta), 1058 
anserina (Spironema), 1058 
anserina (Spiroschaudinnia), 1058 
anserina (Treponema), 1058 
anserinum (Spirillum), 1058 
anserum (Spirillum), 1058 
antarctica (Nitrosospira), 72 
antenniforme (Flavobaclerium), 440 
antenniformis (Bacillus), 4-10 
antenni/ormis (Bacterium), 440 
anthraciformis (Bacillus), 648 
/ln//iraci7/us, 25, 27 
anthracis (Aplanobacter), 719 
anthracis (Bacillus), 719, 1138 
anthracis (Bacillus) (Bacteridiwn), 719 
anthracis (Bacillus) (Streptobacter), 719 
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anihracis (Bacterium) ^ 71D 
anthracis (Pollendera), 719 
anthracis similis (Bacillus), 738 
anthracis symptomalici (Bacillus), 776 
anthracis-symptomalici (Clostridium), 776 
anthracoides (Bacillus), 648, 716 
anthracoides (Bacterium), 716 
Anthrax, 20, 22 

anihropopitheci (Spirochaeta), 1079 
antibioticus (Actinomyces), 942 
antibioticus (Streptomyces), 942 
antirrhini (Bacterium), 167 
antirrhini (Phytomonas), 167 
antirrhini (Pseudomonas), 167 
antirrhini (Xanthomonas), 167 
anularis (Cylophaga), 1016 
anularius (Bacillus), 648 
Apelmocoena, 14, 1032 
apertus (Annulus), 1214 
aphrophilus (Hemophilus), 5SQ 
aphthicola (Streptococcus), 337 
aphthosum (Bacterium), 673 
aphthosus (Bacillus), 673 
apiculatus (Chondromyces), 1038 
apicum (Bacillus), 648, 738 
apii (Bacterium), 639 
apii (Phytomonas), 122 
apii (Pseudomonas), 122 
apiovorus (Bacillus), 470 
apis No. 1, No. 2 and No. 3 (Bactenum), 

673 . 

apis (Streptococcus), 326, 724 
apisepticus (Bacillus), 648 
Aplanobacter, 8, 705 
aporrhoeus (Bacillus), 738 
appendicis (Actinomyces), 922 
appendicis (Discomyces), 922 
appendicis (Nocardia), 922 
appendicitis (Bifidobacterium), 369 
aptata (Phytomonas), 114 
aptata (Pseudomonas), 43, 114 
aptatum (Bac(erium), 114 
aquamarinus (Achromobacter), 419 
aquatile (Flavobacterium), 4^, 429 
aquatile aurantiacum (Bacterium), 673 
aquatile citreum (Bacterium), 673 
aquatile debile (Bacterium), 673 


aquatile fiavum (Bacterium), 673 
aquatile gasoformans non liquefaciens 
(Bacterium), 657 
aquatile luteum (Bacterium), 673 
aquatile odorans (Bacterium), 491 
aquatilis (Bacillus), 428, 648, 649 
aquatilis (Bacterium), 428, 613 
aquatilis (Diplococcus), 694 
aquatilis (Micrococcus), 252, 695 
aquatilis (Microspira), 199 
aquatilis (Pseudomonas), 146 
aquatilis (Streptococcus), 702 
aquatilis (Streptothrix), 976 
aquatilis (Vibrio), 199, 632 
aquatilis (Zuberella), 577 
aquatilis a (Bacillus), 684 
aquatilis albissimus (Micrococcus), 695 
aquatilis albus (Alicrococcus), 252, 695 
aquatilis communis (Bacillus), 649, 661, 
699 

aquatilis communis (Bacterium), 649 
aquatilis fiavus (Micrococcus), 252 
aquatilis gasoformans non liquefaciens 
(Bacillus), 657 

aquatilis invisibilis (A/tcrococcus), 252 
aquatilis magnus (Micrococcus). 695 
aquatilis radiatus (Bacillus), 613 
aquatilis radiatus (Bacterium), 613 
aquatilis solidus (Bacillus), 658 
aquatilis solidus (Bacterium), 658 
aquatilis sulcatus (Bacillus), 655 
aquatilis sulcatus 1 (Bacillus), 670 
aquatilis sulcatus II (Bacillus), 670 
aquatilis sulcatus III (Bacillus), 669 
aquatilis sulcatus IV (Bacillus), 648 
aquatilis sulcatus V (Bacillus), 655 

aqualilis-sulcaius-quartus (Bacillus), W 
aquatilis sulcatus quartos (Bacterium),^ 
aquatilis villosus (Bacillus), 671 
aqueductum (Leptospira), 1078 
aqueum (Bacterium), 759 
aqueus (Micrococcus), 252 
aquivivus (Micrococcus), 695 
aquosus (Proactinomyces), 923 
arabinosaceus (BeUiCOCcus), 346 
arabinosaceus (Leuconostoc), 346 
arabinosum (Propionibacterium), 378 
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oro6i7U)su8 (LactohaciHus), 357 
arabinotarda Types A and B {Shigella) ^ 
544 

arachidis (Marmor), 1187 
arachnoidea (Beggiatoa), 9D2, 993 
arachnoidea {Oscillaria), 992 
arachnoideus (Bacillus), 738 
araliavora (Ermnia), 477 
araliavorus (Bacillus), 477 
or6ore5cen8 (Aclinomyces), 919 
arborescens (Bacillus), 435, 436, 649, 919 
arborescens (Bacterium), 435 
ar6oresccn5 (Erythrobacillus), 435 
arborescens (Flavobacterium), 429, 436, 
439 

arftorcsccns (A^ocardm), 919 
arborescens lactis (Micrococcus), 252 
arborescens non-liquefaciens (Bacillus), 
435 

arborescens non-liquefaciens (Bacterium), 
436, 673 

arboreus (Bacillus), 649 
Archangium, 1017 
archen (Gaffkya), 284 
archibaldii (Salmonella), 531 
arcticum (i4c/iromo6ac(cr), 423 
arclicum (Bacterium), 673 
arechavaleta (Salmonella), 506 
arenorius (Bacillus), 738 
<i^gcnieo-pho8pkorescens (Bacillus), 634 
^^gcnteo-phosphorescens I (Bacillus), 634 
ft^Ofnteo-phosphorescens 11 (Bacillus), 634 
<‘''f^Qcnleo-phosphorescens 111 (Bacillus), 
orgenteo-phosphorescens (Bacterium), 634 
<^^g^teo-phosphoreseens liquefaciens (Ba¬ 
cillus), 

argenteus (Micrococcus), 252 
ft^genlinensia (Spirochaeia), 1065 
^^rgentinensis (Treponema), 1065 
f^^gcntophosphorescens (Achromobacter), 

634 

arguata (Cellulomonas), 176 
arguta (Pseudomonas), 176 
aridus (Bacillus), 738 
ariiona (Salmonella), 462 

^rloingillus, 11 , 763 

firlongii (Bacillus), 738 


armorociae (Bacillus), 710 
aroideae (Bacillus), 474 
aroideae (Bacterium), 474 
aroideae (Erwinia), 470, 474. 1129, 1136 
aroideae (Peclobacterium), 474 
aromajaciens (Achromobacter), 423 
aromafaciens (Bacterium), 423 
aromaiica (Pseudomonas), 146 
aromatica var. quercitopyrogallica (Pseu¬ 
domonas), 146 

aromalicum (Flavobacterium), 457 
aromaticus (Bacillus), 434, 457, 649, 743 
aromalicus (Bacterium), 457 
aromaticus (Streptococcus), 337 
aroma^icws bulyri (Bacillus), 440 
aromalicus lactis (Bacillus), 434 
arthritica (Micrococcus), 301 
arlhritica (Neisseria), 301 
arthritidis (Bacterium), 674 
arthritidis (Murimyces), 1292 
arthritidis chronicae (Bacillus), 074 
arlhritidis-muris (Conjnebacterium), 402 
Arthrobacler, 7 
Arthrobactridium, 7 
Arthrobactrillium, 7, 82 
Arthrobactrinium, 7, 82 
Arthroniitus, 1003 
Arthrostreplokokkus, 312 
arthrotropicus (Musctdomyces), 1243 
arthuri (Bacillus), 639 
arliculala (Pseudojnonas), 146 
articulatum (Bacteriu)n), 759 
articulorum (Streptococcus), 337 
artus (Phagus), 1133 
arvalis (Grahamella), 1109 
arvicolae (Bartonella), 1104 
arvicolac (llaemobartonella), 1104 
nrvilla (Pseudomonas), 105 
arvillum (Achromobacter), 105 
asaccharolyticus (Micrococcus), 246 
asaccharoh/ticus (Staphylococcus), 246 
asaccharolyticus var. indolicus (Staphylo¬ 
coccus), 247, 264 
asalignus (Streptococcus), 337 
ascendcns (Acetobacter), 43,186, 692 
ascendens (Bacterium), 185 
ascendens (Ulvina), 692 
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ascitis (Corynebacterium), 402 
Ascococcus, 6, 235 
ascoformans (Botryococcus), 253 
ascoformans {Micrococcus), 252, 253 
ascoformans {Staphylococcus), 253 
ascoformis {Micrococcus), 253 
asiaticum {Bacterium), 450 
asiaticus {Bacillus), 450, 738 
asiaticus {Proteus), 450 
asiaticus {Salmonella) , 450 
asiaticus mobilis (Bacillus), 450 
asiaticus mobilis {Salmonella), 450 
asparagi {Bacillus), 759 
asparagi {Bacterium), 759 
asper {Micrococcus), 253 
asplenii {Phytomonas), 696 
asporiferum {Bacterium), 01 
assimilis {Bacillus), 649 
assurgens {Archangium), 1019 
Asfasza, 20, 22, 705 
asteracearum {Bacillus), 477 
asteracearum {Erwinia), 477 
asteriformis {Bacillus), 612 
asteris {Bacillus), 738 
Asterococcus, 1289, 1291 
asieroide {Leptothrix), 218, 365 
asteroide {Mycobacterium), 896 
Asteroides, 892 
asteroides {Actinomyces), 896 
asteroides {Asteroides), 896 
asteroides {Cladothrix), 896 
asteroides {Discornyces), 896 
asteroides (Nocardia), 896, 897, 918 
asteroides {Oospora), 896 
asteroides {Proactinomyces), 896 
asteroides {Streptotrix), 896 
asteroides var. crateriforrnts (Aocardja), 

897 

asteroides var. crateriformis {Proactino¬ 
myces), 897 

asteroides var. decolor {Nocardia), 897 
asteroides var. decolor {Proactinomyces), 

897 

asteroides var. gypsoides {Nocardia), 897 
asteroides var. gypsoides {Proactino- 

myces), 897 


asteroides var. serratus {Actinomyces), 
917 

Asteromyces, 1291 
asterospora (Astasia), 720 
asterosporus (Aerobacillus), 720 
asterosporus (Bacillus), 720, 748 
asterosporus alpha (Bacillus), 720 
astheniae (Bacillus), 448 
astheniae (Bacterium), 448 
astheniae (Escherichia), 448 
asthenoalgiae (Leptospira), 1078 
asthenogenes (Bacillus), 738 
astragali (Bacterium), 139 
astragali (Phytomonas), 139 
astragali (Pseudomonas), 139 
astri (Marmor), 1196 
astrictum (Marmor), 1165, 1167 
astrictum var. aucuba (Marmor), 1168 
astrictumv&r. chlorogenus (Marmor), 1168 
astrictus (Phagus), 1133 
alerrimus (Bacillus), 711 
aterrimus tschilensis (Bacillus), 738 
atherton (Salmonella), 701 
atlantica (Pseudomonas), 697 
Atremis, 13 

atrofaciens (Bacterium), 120 
atrofaciens (Phytomonas), 121 
atrofaciens (Pseudomonas), 120 
atroseptica (Erwinia), 468, 470, 1134 
atrosepticus (Bacillus), 468, 470 
attenuatum (Spirillum), 43, 217 
attenuatum (Spirosoma), 217 
atypica pseudoluberkulosa (Actinomyces), 

973 

aucuba (Marmor), 1175 
aucuba var. canadense (Marmor), 1175 
aucubicola (Pseudomonas), 146 
aurantia (Spirochaeta), 1053 
aurantiaca (Cladothrix), 896 
aurantiaca (Cytophaga), 1013 
aurantiaca (Merismopedia), 251,290 
aurantiaca (Nocardia), 896 
aurantiaca (Oospora), 896 
aurantiaca (Paulosarcina), 288 
aurantiaca (Sarcina), 243, 288 
aurantiaca (Stigmatella), 1037 
aurantiaca (Streptothrix), 896 
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aurantiacum (Agarbacterium), 630 
aurantiacum (Bacteridium), 243 
auranliacum (Chromobaclerium), 440 
aurantiacum {Conjnebacierium), 402, 404 
aurantiacum (Flavobacierium), 440 
aurantiacum (Polycephalum), 1037 
aurantiacus {Actinomyces), 806 
aurantiacus (Aurococcus), 243 
aurantiacus '(Bacillus), 440 
aurantiacus (Bacterium), 440 
aurantiacus (Chondromyces), 1037, 103S 
aurantiacus (Micrococcus). 243, 265, 275, 
290 

aurantiacus (Pediococcus), 243 , 290 
aurantiacus (Staphylococcus), 243 
aurantiacus (Streptococcus), 243, 253, 337 
aurantiacus-sorghi (Micrococcus), 243, 253 
aurantiacus tingitanus (Bacillus), 145, 
646 

aurantiacus var. frutesccns (Chondro¬ 
myces), 1037, 1039 

aurantibulyricum (Clostridium), 819 

aurantii (Bacillus), 674 

auraniii (Bacterium), 674 

aurantinum (Flavobacierium), 440 

aurantinus (5aci7Ius), 440 

aurantium (Plocamobacteriurn), 674 

aurantium roseum (Bacterium), 392, 674 

aurantius (Bacillus), 649 , 738, 739 

aurantius (Cellutomonas), 739 

aurea (Actinomyces), 943, 96S 

aurea (Nocardia), 968 

aurea (Oospora), 968 

aurea (Pseudomonas), 146, 697 

aurea (Sarcina), 290 

aurea (Slreptothrix), 968 

dareo-fiavus (Bacillus), 674 

aureo Jlavus (Bacterium), 674 

Aureogenus, 1164 

aurescens (Bacillus), 440, 474, 674 
aurescens (Bacterium), 440, 445, 484. 674 
aurescens (Flavobacierium), 440 
aurescens (iSarcina), 290 
aurescens var. mucosa (Sarcina), 290 
aureum (Bacterium), 674 
aureum (Polyangium), 1031 
aureum (Spirillum) ^ 203 


aureum (Spirosoma), 203 
aureus (Actinomyces), 943, 968, 977 
aureus (Aurococcus), 241 
aureus (Bacillus), 649, 674, 716 
aureus (Flexibacter), 38 
aureus (Micrococcus), 241, 251, 252, 253, 
254, 256, 258, 265, 266. 268, 269, 271, 
276, 279 

aureus (Myxobacter), 1026 
aureus (Staphylococcus), 241, 1140, 1141 
aureus (Streptoniyces), 943 
aureus (Vibrio), 203, 204 
aureus var. equi (Staphijlococcus), 253 
aureus laclis (Micrococcus), 253 
aureus minutissimus (Bacillus), 663 
aureus sarciniformis (Staphylococcus), 
281 

auris (Bacillus), 402 
auris (Corynebaclerium), 402 
Aurococcus, 8, 235 
aurogcnes (Bacillus), 617 
aurogencs (Cellulomonas), 617, 622 
aurogenes var. albus (Bacillus), 622 
australiense (Lethum), 1223 
auslraliense var. lethale (Lethum), 1224 
australiense var. typicum (Lethum), 1224 
australiensis fChlorogenus), 1147 
aulumnalis (Leptospira), 1078 
autumnalis (Spirochaeta), 1078 
aulumnalis A (Spirochaeta), 1078 
autumnalis Typo B (Leptospira), 1077, 
1078 

auxinophilum (Bacterium), 145 
avadi (Actinomyces), 915, 924 
avenae (Bacillus), 116 
avenae (Fiactilinca), 1162 
arenae (Phytomonas), 116 
avenae (Pseudomonas), 116 
avicida (Pastcurella). 647, 552, 642 
avicidum (Bacterium), 546 . 547 
avicidus Coccohacillus), 547 
avidum (Corynebaclerium), 388, 4'.2 
auidus (Bacteroides), 1^80, 402 
avidus (Vibrio), 702 
aviseptica (Pasteurella), 523, 547 
aviseptimim (Bacterium), 547 
avisepticus (Bacillus), 530, 547 
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avium (Bacillus), 400 
avium (Bacterium), 674 
avium (Borreliota), 1229 
avium (Mycobacterium), 878, 879,880 
nvium (Fasteurdla), 547 
avium (Rickettsia), 1095 
avium (Strongyloplasma), 1229 
avium (Tarpeia), 1274 
azoticus (Bacillus), 772, 824 
Azotobacter, 19, 21, 26, 29, 31, 216, 219, 
221 

azotobacter (Bacillus), 219 
azologena (Pseudomonas), 697 
Azotomonas, 8, 219, 221 
azureus (Bacillus), 649 

babesi (Bacillus), 649 
babesi (Neisseria), 254, 696 
Babesia, 312 
babesii (Bacterium), 674 
6 accartnu (Bacillus), 466 
6 accan'nit (Clostridium), 478 
baccalus (^ficrococcus) (Sarcina), 253 
bacillijera (Pelogloea),%ll 
bacilliformis (Bartonella), 1101, 1105 
bacillijoimis (Barionia), 1101 
bacillosum (Amoebobacter), 849 
Bacillus, 6, 7, 13, 15, 18, 19, 22, 27, 31, 31, 
42, 43, 46, 63, 76, 179, 632, 643, 701, 706, 
763, 1008 

Bacillus /, Bienstock, 755 

Bacillus 21, Bienstock, 753 

Bacillus II, Leube, 668 

Bacillus a, Guillebeau, 662 

Bacillus a, b, c, d, e,f, hand Vignal,647 

Bacillus A, Grigoroff, 354 

Bacillus A, Maggiora, 671 

Bacillus B, Hoffmann, 749 

Bacillus B, Maggiora, 661 

Bacillus D, Foutin, 744 

Bacillus D, Peters, 741 

Bad lus 0, Maggiora, 650 

Badllus H, Maggiora, 662 

Bacillus X, Moore and White, 726 

Bacillus a, Basse, 639 

Bacillus a, von Freudenreich, 356 

Bacillus y, von Freudenreich, 358 


Bacillus 5, von Freudenreich, 360 
Bacillus e, von Freudenreich, 352 
Bacillus No. 18, Conn, 760 
Bacillus No. 25, Conn, 753 
Bacillus No. 41, Conn, 423 
Bacillus No. 2, Fulles, 668 
Bacillus No. 2, Kedrowski, 814 
Bacillus No. S, Pansini, 718 
Bacillus No. 6, Pansini, 710 
Bacillus A'o. S, Pansini, 738 
Bacillus No. XVI, Adametz, 718 
Bacillus No. X VII, Adametz, 760 
Bacillus No. I, Fliigge, 716, 725 
Bacillus No. II, Fliigge, 741 
Bacillus No, III, Fliigge, 738 
Bacillus No. IV, Flugge, 744 
Bad lus No. V, Flugge. 716 
Badllus No. VI, Flugge, 743 
Badllus No. VII, Flugge. 747 
Bacillus No. VIII, Flugge, 748 
Badllus No. IX, Flugge, 7*0 
Bacillus No. X, Flugge, 709 
Bacillus No. XI, Flugge, 743 
Bacillus No. XII, Flugge, 755, 761 
Bacillus of swine plague, 508 
Badllus sp., Sordelli, 777 
Bacleridium, 6, 43, 705 
Baclerienart No. 13, Lembke, 745 
bacterifera (Cylindrogloea), 874 
Bacteriophagum, 1128, 1129 
bacleriophagus (Protobios), 1129 
Bacleriopsis, 179, 365 
Bacterium, 5, 7, 10, 13, 15, 17, 18. 19, 28, 
30, 37, 42, 46, 76, 82, 179, 435, 696, 597, 
599,612, 694,705, 763 
Bacterium A, Peters, 657 
Bacterium B, Peters, 664 
Bacterium of hog cholera, 508 
Bacterium of swine plague, 508 
Bacteroidea, 20 

Bacteroidos, 22, 23, 27, 31, 32,218,365, 
6S4, 763, 1296 
Bactoderma, 76 
Bactrella, 705 
Bactridium, 7, 705, 763 
Bacirillius, 83 

Bactrillum, 7, 13, 25, 27, 82, 705 
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Bacirinium^ 7, 82, 705 
Bacirinius, 83 
badius {Bacillus)^ 739 
badius {Micrococcus), 253 
bakiensis {Aclinomyces), 919 
bahiensis (Discomyces), 919 
bakiensis (Nocardia), 919 
bahiensis {Oospora), 919 
balaenae {Clostridium), 775, 819 
balanitidis {Spirockaeta), 1065 
halanitidis {Spironema), 1065 
balanitidis {Spiroschaudinnia), 1065 
balanitidis {Treponema), 1065 
balbianii {Bacillus), 674 
balbianii {Bacterium), 674 
balbianii (Cristispira), 1066, 1056, 1057 
balbianii {Spirockaeta), 1055 
balbianii {Trypanosoma), 1055 
balcanus {Bacillus) , 739 
balfourii {Grahamella), 1109 
Balkanella, 10 
ballerup {Salmonella), 529 
balticum {Photobacterium), 635, 636 
balticus {^'ibrio), 636 
balustinum (Flavobacterium), 437 
bamptonii {Chromobacterium), 234 
bantam {Salmonella), 523 
barali {Injlabilis), 823 
barbareae {Phylomonas), 154 
barbareac (Xanthomonas), 164 
barbatum {Bactenum), 761 
barbitisies {Bacillus), 739 
baregensis purpureus {Micrococcus), 253 
bareilly {Salmonella), 511 
bareilly var. mikawasima {Salmonella), 
611 

barentsianum {Bacterium), 674 
barkeri {Bacillus), 129 
barkeri {Bacterium), 129 
barkeri {Phytomonas), 129 
barkeri (Pseudomonas), 129, 134 

Bartonella, 37, 1100, 1102 , 1109 
Bartonella sp., 1108 
Bartonia, 1100 
batatas {Bacillus), 739 
batavia {Salmonella), 524 
bataviae {Leptospira), 1078 


batrachorum (Arthroinitus), 1003 
batrachorum {Bartonella), 1108 
batrachorum {Haemobartonella), 1108 
batrochorum {Micrococcus), 1123 
bauri {Bacterium), 108 
beaufortensis (Pseudomonas), 697 
beckii (Bacterium), 552 
beddardii (Aclinomyces), 963 
beddardii (Streptomyces), 963 
Beggiatoa, 12, 16, 18, 19, 24, 26, 42, 988, 
990, 993. 994, 1007 
beggialoides (Oscillatoria), 992 
begoniae (Bacterium), 155 
begoniae (Phytomonas), 155 
begoniae (Xanthomonas), 166 
beigeliana (Zoogloea), 253 
beigelianum (Sclerotium), 253 
beigelli (Chlamydatomus), 253 
beigelii (Hyalococcus), 253 
beigelii (Micrococcus), 253 
beigelii (Pleurococcus), 253 
beigelii (Trichosporum), 253 
beijerincki (Bacillus), 356, 650, 691 
beijerincki (Bacterium), 674 
beijerinckii (Azotobacter), 219 
beijerinckii (Clostridium), 772 
beijerinckii (Lactobacillus), 357 
beijerinckii (Pseudomonas), 109 
beijerinckii (Rhizobium), 225 
beijerinckii (Rhizomonas), 225 
beijerinckii (Sarcina), 286 
beijerinckii (Thiobacierium), 81 
beijerinckii (Urobacillus), 691 
beijerinckii (Vibrio), 203 
beijerinckii var. jacobsenit (Thtobac- 

terium), 81 

bekkerii (Mycobacterium), 890 
belfanti (Bacillus), 649, 803 
belfantii (Clostridium), 803 
belfantii (Endosporus), 649, 803 
belfastiensis II (Bacillus), 533 
belfastiensis V (Bacillus), 53A 
belfastiensis (Bacterium), 53S 
belfastiensis (Eberthella), 533 
bellisari (Actinomyces), 968 
bellonensis (Bacillus), 777, 825 

bellonensis (Clostridium) ,779 
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bell us {Bacillus), 739 
belorinensis {Bacillus), 360 
bemisiae (Ruga), 1219 
beniolensis {Bacillus), 533 
benlotensis {Bacterium), 533 
benfoterisis {Castellanus), 533 
benlotensis {Eberthella), 533 
benzoli {Bacillus), 649 
benzoli a and b {Bacterium), 674 
berardinisi {Discomyces), 918 
berardinisi {Xocardia), 918 
berbera (Borrelia), 1061 
berhera {Spirochaeta), 1061 
berbera {Spironema), 1061 
berbera {Spiroschaudinnia), 1061 
berberidis {Bacterium), 115 
berberidis {Phytomonas), 115 
berberidis (Pseudomonas), 116 
berberum {Treponema), 1061 
hereslnejfi {Xocardia), 910 
berestneffii {Actinomyces, 919 
berestneffii {Discomyces), 919 
bereslnewi {Bacillus), 918 
bergerac (Annulus), 1213,1216 
heri-beri {Micrococcus), 253 
heribericus {Bacillus), 649 
bernardinisi {Actinomyces), 918 
bernensis {Bacillus), 739 
berolinensis {Bacillus), 234 , 360 , 650 
berolinensis {Lactobacillus), 360 
berolinensis {Microspira), 196 
berolinensis {Mycobacterium), S8S, 890 
berolinensis {Pseudomonas), 697, 698 
berolinensis (Vibrio), 196, 204 
berolinensis fasciformis {Saccharo 
bacillus), 360 

berolinensis indicus {Bacillus), 697 

berolinensis indicus {Bacterium), 697 

beria {Salmonella), 518 

bertherandi {Coniothecium), 289 

besseri {Bacterium), 674 

bessoni (Kurthia), 613 

beta {Bacillus), 650, 739 

beta (Micrococcus), 269 

beta (A''ocarrfia), 976 

beta (Phagus), 1141 

beta (Scelus), 1237 


beta {Streptothrix), 976 
beta (Tarpeia), 1270 
Betabacterium, 9, 30, 360 
Betacoccus 9, 30, 346 
beiadelbrueckii {Lactobacillus), 363 
betae {Bacillus), 477, 639 
betae (Bacterium), 144, 639 
betae (Butylobacter), 781, 825 
betae (Corium), 1204 
betae (Marmor), 1178 
betae (Myxobacillus), 762 
betae (Myxococcus), 348 
betae (Phytomonas), 144 
betae (Savoia), 1221 
betae viscosum (Bacterium), 674 
betainovorus (Bacillus), 739 
betanigrificans (Bacillus), 739 
beticola (Bacillus), 478 
beticola (Bacterium), 478 
beticola (Phytomonas), 153 
beticola (Pseudomonas), 153, 1134 
beticola (Xanthomonas), 163, 230 
beticolum (Bacterium), 153 
betivora (Erwinia), 468 
betivorus (Bacillus), 468 
betle (Aplanobacter), 130 
belle (Bacterium), 130 
betlis (Phytomonas), 130 
betlis (Pseudomonas), 130 
biacutum (Bacillus), 739 
biacutum (Fusobacterium), 682 
biacutus (Fusiformis), 582 
biazotea (Cellulomonas), 617 
biazoieus (Bacillus), 617 
bibula (Cellulomonas), 615 
bibulum (Bacterium), 616 
bibulus (Bacillus), 615 
bicolor (Actinomyces), 919 
bicolor (Micrococcus), 254 
bicolor (Xocardia), 919 
bicoloT (*8arcina), 290 
bienstocki (Putrificus), 799 
bienstockii (Bacillus), 544 
bienstockii (Bacterium), 544 
bienstockii (Eberthella), 544 
bienstockii (Shigella), 544 
bifermentans (Bacillus), 787 
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bife-bore 


bifermentans (Clostridium), 309, 782, 
787, 818, 825 

bifennentans (Martellillus), 787 
bifermentans sporogenes (Bacillus), 787 
bifida (Ueskeella), 986 
bifida (Nocardia), 353 
Bifidibacterium, 34, 38, 369 
Bifidobacterium, 349, 369 
bifidum (Bacterium), 354 
bifidum (Bifidibaclerium), 353, 369 
bifidus (Actinomyces), 353 
bifidus (Bacillus), 353 
bifidus (Bacteroides), 353, 354 
bifidus (Cohnistreptothrix), 353 
bifidus (Lactobacillus), 363, 354, 369 
bifidus II (Lactobacillus), 354 
bifidus aerobius (Bacillus), 361 
bifidus capitalus (Bacillus), 361 
bifidus communis (Bacillits), 353, 361 
bi^aris (Ueskeella), 986 
bifiexa (Leptospira), 1077, 1078 
biflexa (Spirochaeta), 1077 
biforme (Eubacterium), 368 
biformis (Bacteroides), 362, 36H 
bifurcatum (Bifidibaclerium), 369 
bifurcatus gazogenes (Bacillus), 369 
biliohenioglobinuriae (Leptospira), 1078 
bilio-hemoglobinuriae (Spirochaeta), 1078 
Billetia, 680 

billingsi (Bacillus), 650 
billrothii (Ascococcus), 254 
billrothii (Micrococcus), 254 
binucleatum (Bacterium), 760 
bipolare multocidum (Bacterium), 547 
bipolaris (Bacillus), 548, 718 
bipolaris bovisepticus (Bacillus), 547 
bipolaris bubalisepiicus (Bacillus), 548 
bipolaris caprisepticus (Bacillus), 553 
bipolaris ooisepticus (Bacillus), 554 
bipolaris plurisepticus (Bacillus), 546 
bipolaris septicus (Bacillus), 546, 547 
bipunctata (Macromonas), 997, 1001 
bipunctata (Pseudomonas), 997, 1001 
bipunctata (Thiospira), 212 
bipunctatum (Spirillum), 212 
biskra (Micrococcus), 254 
biskrae (Staphylococcus), 254 


bispebjerg (Salrnmdla), 506 
bizzozerianus (Bjcillus), 743 
blackwellii (Actinomyces), 910 
blackwellii (Xocanlia), 910 
bland (Ricketlsia), 1088 
blarinac (Grahamella), 1110 
blarinae (Haeinobartonolla), 1107 
blasticus (Chondrococcus), 1008,1046 
Blastocaulis, 35. 836 
blattellae (Corynobacterium;, 402 
blegdam (Salmonella), 518 
bleischii (Bacillus), 533 
boas-oppleri (Lactobacillus), 352 
bohiliae (Actinomyces), 937 
bobiliae (Streptomyccs), 937 
boleli (Micrococcus), 254 
boletus (Moliftangium), 1006, 1034 
bollingeri (Pasteurrila), 647 
bolognesii-chiurcoi (Actinomyces), 915 
bolognesii-chiurcoi (Malbrachen), 915 
bombycis (Aerobacter), 490 
bombycis (Bacillus), 650, 739 
bombycis (Bacterium), 650 
bombycis (Borrelina), 1225 
bombycis (Chalmydozoon), 1226 
bombycis (Diplococcus), 336 
bombycis (Micrococcus), 254 
bombycis (Microzynia), 254 
bombycis (Xosenia), 254 
bombycis (Proteus), 490 
bombycis (Streptococcus), 254, 265, 337 
bombycis non-liguefaciens (Bacillus), 739 
bombycivorum (Bacterium), 490 
bombycoides (Bacillus), 739 
bombysepticus (Bacillus), 739 
bonariensis (Leptospira), 1078 
bonariensis (Salmonella), 514 
honhoffii (Microspira), 202 
bonvicini (Streptococcus), 337 
bookeri (Alcaligencs), 416, 416 
bookeri (Bacillus), 415, 650 
bookeri (Bacterium), 415 
borbeck (Salmonella), 527 
borborokoites (Bacillus), 739 
hordonii (Bacterium), 691 
bordonii (Klebsiella), 691 
borcale (Bacterium), 626 


1405 



bore-bras 


INDEX OF NAMES OF GENERA AND SPECIES 


boreale (Flavobacterium), 625 
boreopolis (Pseudomonas), 94 
boreus (Micrococcus), 254 
bornensis (Erro), 1266 
Borrelia, 19, 34, 35, 37, 42, 1057, 1068 
Borrelina, 1226 
Borreliota, 1229 
Borrelomyces, 1291 
borstelensis (Bacillus), 739 
bosporum (Bacterium), 145 
bossonis (Bacterium), 675 
bostroemi (Actinomyces), 970 
boikini (Bacillus), 813 
botryogenus (Micrococcus), 253 
Botryomyces, 235 
Botulinea, 20 

botulinum (Clostridium), 778, 784 

botulinum D (Bacillus) (Clostridium), 770 

botulinum Type A (Clostridium), 784 

botulinum Type B (Closlridiujn), 784 

botulinum Type C (Clostridiu77i), 779 

botulinum Type D (Clostridium), 779 

botulinum Type E (Clostridium), 779 

Botulinus, 20, 22, 763 

botulinus (Bacillus), 778 

botulinus (Ermengemillus), 778 

botulinus Type C (Bacillus), 779 

Bolulobacillus, 8 , 763 

boujfardi (Pasteurella), 553 

boulrouxii (Bacillus), 675 

boulrouxii (Bacterium), 675 

bovicida (Bacterium), 648 

bovidae (Treponema), 1076 

Bovitnyces, 1291 

bovina (Listerella), 409 

bovinum (Scelus), 1239 

bovinus (Micrococcus), 254, 337 

bovinus (Streptococcus), 337 

bovis (Actinomyces), 926, 926, 927 

hovis (Bacillus), 652 

bovis (Bacterium) 675 

bovis (Bartonella), 1106 

bovis (Betacoccus) , 347 

bovis (Cladothrix), 925 

bovis (Corynebacterium), 390, 391 

bovis (Corynethrix), 401 

bovis (Discomyces) , 925 


bovis (Ehrlichia), 1095 
bovis (Grahamella), 1110 
bovis (Haematococcus), 254 
bovis (Haemobartonella), 1106 
bovis (Hemophilus), 591 
6 om (Leptospira), 1078 
bovis (Leuconostoc), 347 
bovis (Micrococcus), 254 
bovis (Molitor), 1242 
bovis (Moraxclla), 691 
hovis (Nocardia), 925 
bovis (Oospora), 925 
bovis (Proactinomyces), 925 
bovis (Rickettsia), 1095 
bovis (Sphaerotilis), 925 
bovis (Staphylococcus), 264, 281 
bovis (Streptococcus), 320, 321, 322 
bovis (Streptothrix), 925 
bovis (Tortor), 1276 
bovis var. nigerianus (Actinomyces), 968 
bovis albus (Actinomyces), 968 
boviS'Caffris (Spirochaeta), 1065 
bovis-caffris (Spironema), 1065 
601^18 communis (Streptothrix), 925 
bovis farcinicus (Actinomyces), 895 
bovis luteoroseus (Actinomijces), 971 
bovis morbificans (Bacillus), 514 
bovis-morbificans (Salmonella), 514 
bovis sulfureus (Actinomyces), 925 
boviseptica (Pasteurella), 547 
bovisepticus (Bacillus), 547 
bovisepticus (Bacterium) ,■ b^7 
bovium (Pasteurella), 547 
bowlesiae (Pseudomonas), 126 
bowlesii (Bacterium), 125 
bowlesii (Phytomonas), 125 
Brachybacterium, 312, 349 
brachysporum (Bacterium), 759 
brachythrix (Bacillus), 650 
braenderup (Salmonella), 511 
brandenburg (Salmonella), 50o 
brandenburgensis (Salmonella), 505 
brandenburgiensis (Bacillus), 726 
brandti (Bacterium), 108 
branhamii (Micrococcus), 303 
brasHiensis (Actinomyces), 918 
brasiliensis (Discomyces), 918 
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brasilienais (Escherichia) ^ 452 
brasiliensis (Nocardia), 918 
brasiliensis (Oospora), 918 
brasiliensis (Rickettsia), 1087 
brasiliensis (Streptothrix), 918 
6rassicac (Bacillus), 675, 714, 718 
brassicae (Bacterium), 357, 675, 714, 718 
brassicae (Borrelina), 1227 
brassicae (Lactobacillus), 357 
brassicae (Marmor), 1177 
brassicae acidae (Bacterium), 146, 675 
brassicae acidae (P$eudo7nonas), 146 
brassicae fermentatae (Bacillus), 358 
brassicaevorus (Bacillus), 477 
bredemannii (Bacillus), 739 
bredeney (Salmonella), 507 
breitjussi (Bacterium), 675 
breslau (Salmonella), 502 
breslaviensis (Bacillus), 502 
breslauiensis (Bacterium), 502 
6rcye (Bacterium), 439 
breve (Betabacterium), 358 
breve (Flavobacterium), 439 
brevis (Bacillus), 439, 726, 739, 744 
brevis (Lactobacillus), 368. 359, 361, 363 
brevis (Streptococcus), 337, 696 
brevis o (Bacillus), 716 
brevis non hemolyticus (Streptococcus), 
338 

hrevis var. rudensis (Lactobacillits), 357, 
359 

brevisaimum (Bacterium), 675 
Brmstreptolhrix, 892, 925 
Briareus, 1233 
briensis (Nitrospira), 72 
brightii (Streptococcus), 338 
^riosianum (Bacterium), 639 
briosii (Bacterium), 145 
bronchiole (Treponema), 1065 
bronchialis (Actinomyces), 922 
bronchialis (Discomyces), 922 
bronchialis (Oospora), 922 
bronchialis (Spirochaeta), 1065 
bronchialis (Spiroschaudinnia), 1065 
bronchicanis (Bacillus), 562 
bronchicanis (Bacterium), 562 
bronchUeptica (Brucella), 662 


bronchisepticus (Alcaligenes), 416, 562 
bronchisepticus (Bacillus), 562 
bronchisepticus (Bacteriuin), 562 
bronchilica (Anaeromyces), 926 
bronchilica (Coknistreptothrix), 926 
bronchilidis (Bacillus), 739 
bronchitidis putridae (Bacillus), 739 
bronchopneumoniae (Ehrlichia), 1118 
bronchopneumoiiiae (Miyagawanella), 
1118 

Brucella, 17, 26, 32, 42, 43, 660, 562 
Brucella meliiensis var. inelilensis, 561 
brumplii (Grahamella), 1110 
bruneuni (Corynebacterium), 403 
bruneum y arborescens (Bacterium), 403 
bruneus (Bacillus), 740 
bruni (Actinomyces), 923 
bruni (Discomyces), 923 
bruni (Nocardia), 923 
brunneojlavum (Bacterium), 675 
brunneojlavus (Bacillus), 675 
brunneujn (Bacteridium), 650 
brunneum (Bacterium), 650, 680, 737, 740 
brunneum (Flavobaclerium), 440 
brunneus (Bacillus), 440, 650, 737, 740 
■ brunneus (Micrococcus), 675 
brunneus rigensis (Bacillus), 430 
bruntzii (Bacillus), 644, 645 
bruntzii (Serratia), 644 
bubalorum (Clostridium), 778, 825 
bubalseptica (Bacillus), 548 
bubalseptica (Pasleurella), 548 
bucallis (Bacterium), 440 
buccale (Bacterium), 365, 440 
buccalc (Borrelia), 1062 
buccale (Spirillum), 1062 
buccale (Spironema), 1062 
buccale (Treponettia), 1062 
buccalis (Actinomyces), 922 
buccalis (Ascococcus), 693 
buccalis (Bacillus), 365, 650 
buccalis (Discomyces), 922 
buccalis (Flavobactcriwn), 440, 647 
buccalis (Leptospira), 1079 
buccalis (Leplothrix), 365, 366 
buccalis (Leptotrichia), 364, 365 
buccalis (Micrococcus), 329 
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liiiccalis {Mivrosfjiia), 1CG2 
liuccalis (M<jIitor), 1242 
buccalis (Xocardia), 922 
buccalis (Oospora), 922 
buccalis {Rasmussenia), 365 
buccalis (Spirochaeta), 1062, 1065 
buccalis {Spiroschaudinnia), 1062 
buccalis {Streptococcus), 338 
buccalis (Streptoihrix), 923 
buccalis (Syncrotis), 365 
buccalis (Vibrio), 203 
buccalis forluitus (Bacillus), 647, 650 
buccalis fortuiius (Bacterium), 650 
buccalis minulus (Bacillus), 440 
buccalis minutus (Bacterium), 440 
buccalis muciferens (Bacillus), 650 
buccalis septicus (Bacillus), 650 
bucco-pharyngei (Spirochaeta), 1065 
bucco-pharyngei (Treponema), 1065 
Imchneri (Bacillus), 359 
buchneri (Lactobacillus), 369, 695 
buchneri (Ulvina), 695 
budapesl (Salmonella), 505 
budayi (Bacillus), 791 
bufo (Agarbacterium), 628 
bufonis (Spirochaeta), 1066 
bufonis (Spironema), 1066 
bufonis (Spiroschaudinnia), 1066 
bufonis (Treponema), 1066 
bulbosa (Vibrio), 203 
bulgaricum (Acidobacterium), 354 
bulgaricum (Bacterium), 354 , 687 , 695 
bulgaricum (Plocamobacterium), 354 
bulgaricum (Thermobacterium), 354 
bulgaricus (Bacillus), 354 
bulgarieus (Lactobacillus), 364, 362, 364, 

695 

bullata (Mycoplanu), 191 

bullosum (Bacterium), 675 

hullosus (Bacillus), 580 

bullosus (Bacteroides), 580 

bullosus (Spherocillus), 580 

burchardii (Micrococcus), 254 

burgeri (Bacillus), 116 

hurneti (Rickettsia), 1092 

hurneti (Rickettsia) (Coxiella), 1092 

hurneti var. americana (Ricketis^ia), 1092 


burnetii (Coxiella), 1090, 1092 
hurri (Bacillus), 726 
busae asiaticae (Bacterium), 357 
busaeasiaticus (Lactobacillus), 357 
bussei (Bacillus), VII 
bussei (Erwinia), VII 
butantan (Salmonella), 524 
butlerovii (Bacillus), 740 
butschlii (Bacillus), 740, 742, 744 
butylaceticum (Bacillus), 781, 825 
Butylbacillus, 771 
buiylicum (Amylobacler), 771, 813 
butylicum (Clostridium), 771 
buiylicum (Granulobacter), 771, 824 
butylicus (Bacillus), 680, 771, 824 
butylicus B. F. (Bacillus), 781, 825 
Butylobacter, 763 
butyri (Achromobacter), 421 
Butyribacillus, 8, 763 
butyri (Bacillus), 650 
butyri I (Bacillus), 650 
butyri II (Bacillus), 659 
Butyribacterium, 368, 380, 402 
butyri (Diplococcus), 254 
butyri (Flavobacterium), 440 
butyri (Mijcobacterium), 890 
butyri (Micrococcus), 254 
butyri (Pseudomonas), 146, 697 
butyri aromafaciens (Bacillus), 421 
butyriaromafaciens (Bacterium), 421 
butyri-aromafaciens (Micrococcus), 421 
butyri colloideum (Bacterium), 616 
butyri fluorescens (Bacillus), 146 
butyri fluorescens (Bacterium), 697 
butyri fluorescens (Micrococcus), 254 
bulyrica (Boiulinea), 22 
bufyrica (Sarcina), 290 
Butyriclostridium, 11, 763 
butyricum (Bactridium), 771, 819, 824 
butyricum (Clostridium), 716, 770 , 771. 

772, 781, 813, 824, 825 
butyricum (Mycobacterium), 888, 890 
butyricum I (Clostridium), 771 
butyricum II (Clostridium), 771 
butyricum III (Clostridium), 771 
butyricum iodophilum (Clostridium), 77- 

824 
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hulyricuni var. 'Omericanum {Clostri¬ 
dium)', 819 

buiyricus {Bacillus), 716, 727, 7*10, 770, 
813, 820 

buiyricus {Micrococcus), 254, 338 
buiyricus {Streptococcus), 338 
buiyricus {Telracoccus), 254 
buiyricus asporogenes immobilis {Bacil¬ 
lus), 790 

buiyricus dimorphus {Bacillus), 813 
buiyricus putrefaciens {Bacillus), 799 
Buiyrisarcina, 29, 30, 31, 285 
byzanlinea {Brucella), 693 
byzaniineum {Coccobacterium), 693 


cacaoi {Actinomyces), 951 
cacaoi (Streptomyces), 961 
Cacospira, 12, 13, 28, 1058 
caclicida {Erwinia), 478 
cacticidus {Bacillus), 478 
caclivorum {Bacterium), 613 
cadaveris {Bacillus), 669, 675, 791, 799 
cadaveris {Bacterium), 675, 791 
cadaveris {Clostridium), 791 
cadaveris {Eubaclerium), 367, 791 
cadaveris {Plectridium), 799 
cadaveris {Streptococcus), 338 
cadaveris bulyricum {Bacterium), 791 
cadaveris buiyricus {Bacillus), 367, 380, 
791, 826 

cadaveris grandis {Bacillus), 813 
.cadaveris sporogenes {Bacillus), 799 
cadaveris sporogenes {anaerobicus) {Ba¬ 
cillus), 799, 826 
Caduceus, 33, 34, 763 
caducus (Phagus), 1141 
caeci {Bacillus), 650 
caesia (Cellulomonas), 619 
caesirae relorliformis {Spirochaeta), 1066 
caesirae septenlrionalis (Spirochaeta), 
1066 


eactius {Bacillus), 619 
eajae (Coccobacillus), 690 
cajuM (bacillus), 690 
calceum (Eerribacterium), 834 
calceum (/Siderobacier), 834 
salceus (Baetllus), 834 


calciphila {Pseudomonas), 14G 
calciprecipitaiis (Pseudomonas), 108 
calcis {Bacterium), 108 
calcis (Pseudomonas), 108 
calco-acelica {Pseudomonas), 146 
calco-aceiicus {Micrococcus), 255 
calendulac {Bacterium), 133 
calendulae {Phylomonas), 133 
oalcndulae (Pseudomonas), 133 
calfaclor {Bacillus), 740 
calidolactis (Bacillus), 732 
calidus {Bacillus), 732 
California {Salmonella), 505 
californicus {Actinomyces), 936 
californicus (Streptomyces), 936 
calligyra {Spirochaeta), 1072 
calligyrum (Treponema), 1072 
callistephi (Chlorogenus), 1146 
callistephi var. atlenuatus {Chlorogenus), 

1147 

callisiephi var. californicus {Chloroge¬ 
nus), 1147 

raloritolerans (Clostridium), 797 
cnloritolerans {Plectriditun), 797 
Calymmatobacterium, 14, 457 
camcli {Actinomyces), 915 
cameli {Oospora), 915 
cameli {Streplothrix), 915 
camelidae {Treponema), 1076 
campeneus {Micrococcus), 255 

campestre (Marmor),1202 

campestre var .armoraciae {Bacterium), 156 
campestre var. galbinum (J/amor), 1202 
campestre var. iypicum {Marmor), 1202 
campesiris {Bacillus), 155 
campestris {Bacterium), 155 
campestris {Phytomonas), 155 
campesiris {Pseudomonas), 155 
cLpestris (Xanthomonas), 156, 156, 
160, 164, 178, 1134, 1136 

campestris var. armoraciae {Phytomo¬ 
nas), 156, 

campestris var. armoraciae {Xanthomo¬ 
nas), 156, 164 
canadensis {Bacillus), 759 
canadensis {Bacterium), 759 
canadiense {ClostTidium), 819 
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canalensis (Bacillus), 651 
canaliculalus (Bacillus), 740 
canalis (Bacterium), 675 
canalis (Microspira), 202 
canalis capsulalus (Bacillus), 675 
canalis capsulalus (Bacterium), 675 
canalis parvum (Bacterium), 675 
canalis parvus (Bacillus), 675 
canariensis (Bacillus), 530 
canastel (Salmonella), 521 
canceris (BaciAus), 740 
cancrosi (Bacterium), 587 . 
candicans (Achro?nobacfer), 423 
candicans (Alltococcus), 255 
candicans (Bacillus), 423 
candicans (Bacterium), 423 
candicans (Coccus), 261 
candicans (Micrococcus), 251, 252, 255, 
257, 25S, 250,'2G0, 262, 263, 264, 268, 
269, 270, 273, 274, 275, 276, 277, 278 
279, 280. 281 

candicans (Staphylococcus), 255 
Candida (Nocardia), 968 
Candida (Sarcina), 290 
Candida (Strepiotkrix), 934, 970 
Candidas (Actinomyces), 968 
Candidas (Bacterium), 

Candidas (Uiscomyces), 968 
candidus (Micrococcus), 239, 251, 252, 
253 , 254 , 255, 256 . 258, 264 , 265, 267, 
269 , 270 , 271, 272, 274 , 275, 278, 279, 
281, 282 

candidus (Staphylococcus), 239, 282 
canescens (Albococcus), 255 
canescens (A/icrococcus), 255 
canescens (Sarcina), 290, 291 
canescens (Staphylococcus), 255 
caneus (Lactobacillus), 363 
canicida (Bacterium), 553 
canicoia (Leptospira), 1077, 1079 
canidae (Treponema), 1076 
canina (Palmula), 812 
canina (Spirochaela), 1066 
caninus (Acuformis), 812 
caniperda (Bacillus), 740 
cants (Actinomyces), 915 
cam's (Aslerococcus), 1292 


canis (Bacterium), 740 
canis (Bartonella), 1104 
canis (Cladothrix), 915 
canis (Corynethriz), 406 
canis (Ehrlichia), 1096 
canis (Ehrlichia) (Rickettsia), 1095 
canis (Haemobartonella), 1104, 1105 
1106 

canis (Hemophilus), 587 
canis (Nocardia), 915 
canis (Oospora), 915 
canis (Rickettsia), 1095 
canis (Spirella), 217 
canis (Spirockaeta), 1066 
canis (Streptothrix), 915 
canis (Tarpeia), 1272 
canis familiaris (Pleuromyces), 915 
canis lupus (Grahamella), 1110 
caniseptica (Pasteurella), 5oZ 
cannabinus (Bacillus), 813 
cannae (Bacterium), 171 
Cannae (Phytomonas), 171 
cannae (Pseudomonas), 171 
cannae (Xanthomonas), 171 
cantabridgensis (Ascococcus), 250 
canus (Bacillus), 651 
canus (Micrococcus), 267 
capillaceus (Bacillus), 740 
capitlorum (Micrococcus), 255. 
capillorum (Palmella), 255 
capillorum (Palmellina), 255 
capillorum (Zoogloea), 255 
capillosa (Ristella), 577 
capiliosus (Bacillus), 577 
capitovale (Clostridium), 795 
capilovalis (Bacillus), 795 
capitovalis (Plectridium), 795 
cappelleUi (Streptococcus), 317 
caprae (Actinomyces), 899 
caprae (Cladothrix), 899 
caprae (Discomyces), 899 
caprae (Nocardia), 809 
caprae (Oospora), 899 
caprae (Streptothrix), 899 
capri (Bacillus), 714 
caprijormis (Micrococcus), 2bo 
caprinus (Streptococcus), 333 
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capr-caro 


eapriseptica {PasteureUa)^ 553 
caprisepticus {Bacillus), 553 
caprogenes {Bacterium), 753 
caprogenes foetidus {Bacillus), 753 
caproicum {Clostridium), 820 
capsaformans {Micrococcus), 255 
cap^ci {Bacillus), 740 
Capsularis, 33, 34, 677 
capsulata {Klebsiella), 459 
capsulata {Pseudomonas), 93, 146 
capsulata {Rhodosphaera), 865 
capsulatum (Acetobacter), 189 
capsulatum {Bacterium), 459 
capsulatum {Rhodobacterium), 863 
capsulatum (Rhodonosloc), 864 
capsulalus {Bacillus), 459 
capsulalus {Bacterium), 691 
capsulalus {Diplococcus), 308 
capsulalus {Mycococcus), 
capsulalus {Rhodococcus), 8, 865 
capBulatus (Rhodopseudomonas), 864, 

866 

capsulalus {Rhodorrkagus), 865 
capsulalus {Streptococcus), 308, 338 
capsulalus aerogenes {Bacillus), 789, 790 
capsulalus anaerobius {Bacillus), 790 
capsulalus chinensis {Bacillus), 456 
capsulalus gallinarum {Streptococcus), 

338 

capsulalus margarineus {Diplococcus), 

662 

capsulalus mucosus {Bacillus), 459 
capsulalus mucosus {Bacterium), 459 
capsulalus pyaemias cuniculi {Bacillus), 

459 

capsulalus seplicus {Bacillus), 691 
capsulalus seplicus {Bacterium), 691 
capsulalus seplicus {Proteus), 691 
carahi/ormis {Bacillus), 651 
caraibica {Microspira), 636 
caraibicum {Pholobaclerium), 636 
carateum (Treponema), 1072 
carbo {Micrococcus), 265 
carbonei (Clostridium), 807 
carbonei {Injlabilis), 807 
car&onts {Bacillus), 776 
Carboxydomonas , 20, 31, 072 


Cardiff {Salmonella), 512 
cardii {Vibrio), 203, 205 
cardii-papiltosi {Cristisptra), 1056 
cardii papillosi {Spirochacta), 1056 
cardio-ar//iri/id7S, 320 
cardiopyrogenes {Spirillum), 217 
carduus {Coccus), 250 
caricae (Marmor), 1201 
caris {Bacillus), 816 
cornea {Cladothrii), 968 
cornea {Nocardia), 968 
cornea (Oosporo), 968 
carnea {Sarcina), 290 
cornea {Streptothrix), 968 
carnegieana (Erwinia), 468 
carneum {Bacterium), 675 
cameus {Actinomyces), 968 
carneus {Bacillus), 675 
cameus {Discomyces), 968 
carneus {Micrococcus), 255 
cornews {Streptococcus), 338 
cameus halophilus {Tetracoccus), 
carnicolor {Bacillus), 675 
car 7 iico(or {Micrococcus), 255, 276 
carniphilus {Bacillus), 740 
carniphilus {Micrococcus), 255 
cornis {Bacillus), 651, 810 
carnis (Clostridium), 810 
cornis {Plectridium), 810 
camis {Streptococcus), 338 
camis foetidum {Clostridium), 787 
camis saprogenes {Bacillus), 782 
carnofoetidum {Clostridium), 787 
carnoawm {Bacterium), 675 
camosus (Aclinomyces), 968 

camosus {Bacillus), 7i0 

carocyanea {Pseudomonas), 146 
carocyaneum {Bacterium), 146 
carocyaneus {Bacillus), 146 
carogeanui {Coknislreptothrix), 928 
Carolina {Salmonella), 531 
caroHnus {Bacillus), 531 
carotae {Phytomonas), 165 
carotae {Pseudomonas), 163 
carotae (Xanthomonas), 166 
carotarum (Bacillus), 714 
carotarum (Z?ac/cr>um), 714 
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carotovora (Erwiuiu), 469, 470, 471, 474, 
1129, 1134, 1135, 1136 
carotovorum (Bacterium), 469 
carotovorum (Pectobacterium), 464, 469 
carolovorus (Bacillus), 469 
carougeaui (Aclinomi/ces), 928 
carouyeaui (Discomyces), 928 
carougeaui (Nocardia), 928 
carougeaui (Streptothrix), 928 
carpanoi (Treponema), 1074 
carpathiens (Bacillus), 361 
Carphococcus, 235 
Carpophthora, 1151 
carrnu (Salmonella), 528 
carrosus (Streptococcus), 338 
carteri (Borrelia), 1081, 1068 
carteri (Spirillum), 1061 
carteri (Spirochaeta), 1061 
carteri (Spironema), 1061 
carteri (Spiroschaudinnia), 1061 
carteri (Treponema), 953 
Carteria, 925 
Carterii, 925 

cartharinensis (Micrococcus), 255 
cartilagineum (Bacterium), 675 
cartitugincus (Bacillus), 675 
Caryococcus, 1121 
Caryoplianon, 1004 
caryophyllacearum (Bacillus), 639 
caryopkylli (Phytornonas), 137 
caryophylli (Pseudomonas), 136 
casei (Actinomyces), 968 
casei (Bacterium), 718 
casei (Cellulomonas), 619 
casei (Lactobacillus), 356, 357 
casei (Micrococcus), 240 
casei (Planococcus), 281 
casei (Plocamobacterium), 695 
casci (Propionibacterium), 379 
casci (Sarcina), 290 
casei (Slreptobacterium), 356, 361 
casci (Streptococcus), 338 
casei (Tetracoccus), 284 
casei <x (Bacillus), 356 
casei y (Bacillus), 358 
cosei 5 (Bacillus), 360 
casei t (Bacillus), 352 


casei a (Bacterium), 356 
casei c (Bacterium), 352 
casei acido-proleolyticus I (Micrococcus) 
240, 326 

casei acido-proieolyticus II (Micrococ¬ 
cus), 240, 326 

casei amari (Micrococcus), 326 
casei amari edamicus (Micrococcus), 256 
casei filans (Bacterium), 
casei limburgensis (Bacillus), 612 
casci limburgensis (Bacterium), 612 
casei liquefaciens (Micrococcus), 240, 326 
casei liquefaciens (Tetracoccus), 240 
casei proteolyticus I and II (Micrococcus), 
327 

caseia (Cellulomonas), 619 
caseicola (Bacterium), 676 
caseinicum (Achromobacler), 692 
Caseobacterium, 8, 349 
Caseobacterium e, 352 
Caseocoevus, 327 
caseolytica (jSarciVia), 291 
caseolylicum (Bacterium), 371 
caseolyticus (Bacillus), 651 
caseolyticus (Micrococcus), 240, 258, 
259, 260, 263, 265, 266, 268, 273, 695 
cassavae (Bacterium), 466 
cassavae (Erwinia), 466 
cas^aneae (Bacterium), 138 
castaneae (Phytornonas), 138 
castaneae (Pseudomonas), 138 
castanicolum (Bacterium), 640 
castellanii (Castellanus), 542 
caslellanii (Micrococcus), 255 
castellanii (Rhodococcus), 255 
castellanii (Shigella), 542 
Castellanus, 535 
casteltum (Bacterium), 676 
castigata (Cellulomonas), 615 
castigatum (Bacterium), 616 
castra (Vibrio), 203 
catarrhalis (Actinomyces), 922 
catarrhalis (Bacillus), 590 
catarrhalis (Discomyces), 922 
catarrhalis (Micrococcus), 298 
catarrhalis (Neisseria), 298, 299, 301 
catarrhalis (Oospora), 922 
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cata-cell 


catarrhalis (Pseudomonas), 146 

Catenabacterium, 33, 34, 368 

calenaforme (Catenabacterium), 368 

catenaformis (Bacteroides), 368 

caienatus (Thermobacillus), 731 

catenula (Bacillus), 676, 823 

catenula (Bacterium), 676 

catenula (Cornilia), 823 

catenula (Tyrotkrix), 823 

catenulatus (Bacillus), 740 

catenulatus (Chondromyces), 1039 

cathetus (Bacillus), 651 

call (Actinomyces), 969 

cati (Discomyces), 969 

cattleyae (Bacterium), 759 

caucasica (Dispora), 351 

caucasica (Pacinia), 351 

caucasicum (Bacterium), 351 

caucasicum (Betabacterium), 351, 358 

caucasicus (Bacillus), 351, 358 

caucasicus (Lactobacillus), 361 

caucasicus (Streptococcus), 338 

caudata (Pseudomonas), 174, 405 

caudatum (Flavobacterium), 174 

caudatus (Bacillus), 174, 405 

caudalus (Bacterium), 174 

caudatus (Coccus), 250 

Caulobacter, 35, 832 

cavarum pericarditis (Bacterium), 554 

cavatum (Bacterium), 676 

cavernae (Bacterium), 676 

cavemae minutissimus (Bacillus), 676 

caviae (Actinomyces), 912 

caviae (Bacillus), 651 

caviae (Bacteroides), 674, 580 

caviae (Bartonella), 1108 

caviae (Cristispirella), 1057 

caviae (Haemobarlonella), 1108 

catnae (Klebsiella), 548 

caviae (Nocardia), 912 

caviae (Pasteurella), 553,651 

caviae (Pseudomonas), 146 

caviae (Spherophorus), 574 , 580 

caviae (Spirochaeta), 1071 

cavfoe (Spironema), 1070 

catnae (Spirosekaudinnia), 1070 

caviae (Streptobacillus), 574 


caviae fortuiium (Bacterium), 676 
caviae forluitus (Bacillus), 676 
cavicida (Bacillus), 445 
cavicida (Bacterium), 445 
cavicida (Escherichia), 445 
cavicida havaniensis (Bacillus), 676 
cavicida havatiiensis (Bacterium), 676 
caviseplica (Pasteurella), 553 
caviscpticum (Bacterium), 553 
cazaubon (Bacterium), 759 
cazauhon I and II (Bacterium), 759 
celebense (Bacterium), 160 
celebensis (Phytomonas), 169 
celebensis (Pseudomonas), 169 
celebensis (Xanthomonas), 169 
ccler (Phagus), 1142 
cellar is (Leucocystis), 255 
cellaris (Micrococcus), 255 
cellasea (Cellulomonas), 618 
cellaseus (Bacillus), 618 
Cellfalcicula, 211 
cellobioparus (Clostridium), 820 
cellulicola (Schinzia), 224 
Cellulobacillus, 8, 705, 763 
cellulolyticum (Plcctridium), 823 
Cellulomonas, 20, 32, 615, 616 
cellulomonas (Proteus) var. Proteus binzo- 

teus, 617 

cellulomonas (Proteus) var. Proteus cas- 
taneus, 622 

cellulomonas (Proteus) var. Proteus ros- 
sicus, 622 

cellulomonas (Proteus) var. Proteus udus, 

614 

cellulosae (Actinomyces), 938 
cellulosae (Clostridium), 820 
cellulosae (Streptoinyces), 938 
cellulosae dissolvens (Bacillus), 809 
cellulosae dissolvens (Caduceus), 809 
cellulosae hydrogenicus (Caduceus), 809 
cellulosae hydrogenicus var. cellulosae 
methanicus (Caduceus), 810 
cellulosae methanicus (Caduceus), 810 
cellulosam (Bacterium), 808 
cellulosam fermentans (Bacillus), 808 
cellulosis (Bacterium), m 
cellulosolvens (Caduceus), 809 
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ceUulosolvens {Closiridivm)^ 809 
cellulosum (Angiococcus), 1048 
cellulosum (Polyangium), 1027, 1028 
cellulosum (Sorangium), 1022 
cellulosum fermentans {Terminosporus), 
808 

cellulosum var. ferrugineum (Polyan¬ 
gium), 1010, 1028, 1029 
cellulosum var. fulvum (Polyangium), 
1029 

cellulosum var. fuscum (Polyangium), 
1010, 1028 

cellulosum var. luteum (Polyangium), 
1029 

Cellvibrio, 209 
Cenomesia, 847 
cenlrale (Anaplasma), 1100 
centralis (Bacillus), 651 
cenlricum (Bacterium), 676 
centrifugans (Bacillus), 101, 697 
centrifugans (Bacterium), 697 
centrifugans (Pseudomonas), 101, 697 
centropunctatum (Achromobacter), 423 
centropunctatus (Bacillus), 423 
centropunctatus (Bacterium), 423 
centropunctatus (Micrococcus), 255 
centrosporogenes (Bacillus), 787, 825 
centrosporogenes (Clostridium), 787 
Centrosporus, 20, 22 
centrosporus (Bacillus), 725, 744 
cepae (Bacillus), 740 
cepae (Marmor), 1184 
cephaloideus (Bacillus), 816 
cepivora (Phytomonas), 470 
cepivoruin (Bacterium), 470 
cepivorus (Aplanohacter), 470 
cepivorus (Bacillus), 470 
ceramicola (Bacterium), 626 
ceramicola (Flavobacterium), 626 
cerasi (Bacterium), 120 
cerasi (Marmor), 1197 
cerasi (Phytomonas), 120 
cerasi var. prunicola (Pseudomonas), 
120 

cerasi wraggi (Bacterium), 153 
cerost wraggi (Phytomonas), 153 
cerasinus (Micrococcus), 255, 256, 338 


cerasinus (Streptococcus), 333 
cerasinus lactis (Micrococcus), 255 
cerasinus siccus (Micrococcus), 333 
cerasus (Bacillus), 120 
cerasus (Pseudomonas), 120 
cereale (Lactobacillus), 355 
cereale (Thermobaclerium), 355 
cerealia (Pseudomonas), 740 
cerealium (Bacillus), 740 
cerealium (Bacterium), 740 
cerebralis (Corynebicterium), 403 
cerebriformis (Actinomyces), 969 
cerebriformis (Chondrococcua), 1046 
cerebriformis (Myxococcus), 1046 
cerebriformis (Nocardia), 969 
cerebriformis (Streptothrix), 969 
cereus (Actinomyces), 969 
cereus (Bacillus), 708, 716, 716, 717, 718, 
719, 725, 1138 
cereus (Micrococcus), 256 
cereus (Staphylococcus), 251 
cereus alhus (Micrococcus), 251 
cereus alhus (Staphylococcus), 251 
cereus aureus (Micrococcus), 256 
cereus aureus (Staphylococcus), 256 
cereus Jlavus (Micrococcus), 256 
cereus flavus (Staphylococcus), 256 
cereus var. fluorescens (Bacillus), 
716 

cereus var. mycoides (Bacillus), 718 
cereus var. siamensis (Bacillus), 716 
cerevisiae (Flavobacterium), 176 
cerevisiae (Lactobacterium), 363 
cerevisiae (Merismopedia), 249 
cerevisiae (Micrococcus), 249 
cerevisiae (Pediococcus), 249 
cerevisiae (Pseudomonas), 176 
cerevisiae (iSarcina), 249 
cerinum (Bacterium), 676 
cerinus (Gluconoacetohacter), 694 
cerinus (Micrococcus), 256 
cerro (Bacterium), 529 
cerro (^Salmonella), 529 
ceruminis (Bacillus), 403 
ceruminis (Cortfnebaclerium), 403 
ccrwno (5arc<na), 291 
ceylonensis (Shigella), 642, 543 
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ceylonensis A {Bacillus)^ 540 
ceylonensis B {Bacillus), 642 
ceylonensis B {Lankoides), 642 
chalcea {Actinomyces), 978 
chalcea (Micromonospora), 959, 978 
chalcea {Nocardia), 978 
chalcea {Strepiothrix), 978 
chalmersi {Actinomyces), 975 
chalmersi {Nocardia), 975 
chamae {Cri'stispira), 1056 
chamae {Spirochaeta), 1056 
Charon, 1266 
charrini {Bacillus), 651 
charrini {Streptococcus), 338 
chauvaei {Bacillus), 776 
chauvaei {Clostridium), 776 
chauvei {Clostridium), 776 
Chauvoea, 20, 22, 763 
chauvoei {Bacillus), 776 
ehauvoei {Bacterium), 776 
chauvoei {Butyribacillu8),77Q 
chauvoei {Clostridium), 776 
chelonei {Mycobacterium), 886 
chersoneaia {Micrococcus), 25Q 
Chester {Salmonella), 504 
chinense {Aerobacter), 456 
chinense {Bacterium), 456 
chinicus {Micrococcus), 256 
chironomi {Bacterium), QZ5 
chironomi {Pholobacterium), 635 
chitinochroma (Bacterium), 632 
chitinophilum (Bacterium), 631 
chitinovoruB (Bacillus), 632 
Chlamydothrix, 12, 18, 984 
Chlamydozoon, 1114 
chlorina {Pelogloea), 870 
chlorina (Pseudomonas), 96 
chlorinum {Bacterium),95, 654,676 
cklorinus {Bacillus), 95, 651 
ehlorinus {Micrococcus), 266 
Chlorobacterium, 693, 872 
Chlorobium, 29, 30, 869 
Chlorochromatium, 673 
Chlorogenus, 1146 
Chloronium, 873 
Ch!oTono8toe,B59 

Chlarophaena {Pseudomonas), 146 


Chloropseudomonas, 870 
chlororaphis {Bacillus), 93 
chlororaphis (Pseudomonas), 93 
chlorum {Flavobacterium), 440 
chocolatum {Chromobacterium), 693 
cholerae {Bacillus), 194 
cholerae {Bacterium), 547 
cholerae (Phagus), 1142 
cholerae {Vibrio), 194, 195, 1142 
cholerae anatum {Bacillus), 552 
choleraeasialicae {Pacinia), 193 
cholerae asiaticae {Spirillum), 193 
cholerae asiaticae {Vibrio), 194 
cholerae-caviae {Bacillus), 502 
cholerae columbarum {Bacillus), 552 
cholerae columbarum {Bacterium), 552 
cholerae gallinarum {Bacillus), 547 
cholerae gallinarum {Bacterium), 547 
cholerae gallinarum {Micrococcus), 547 
cholerae gallinarum {Octopsis), 547 
cholerae gallinarum {Pasteureila), 547 
cholerae-suis {Bacillus), 508 
cholerae-suis {Bacterium), 508 
cholerae-suis {Bacterium) {Salmoiiella), 


508 

choleraesuis (Salmonella), 493, 494, 496, 
608,509 

cholerae suis var. kunzendorf {Salmon¬ 
ella), 509 610 

cholerae suum {Bacillus), 508 
cholerae suum {Bacterium), 508 
choleroides {Bacillus), 198 
choleroides {Bacterium), 702 
choleroides {Microspira), 198, 203 
choleroides a and d {Vibrio), 203, 702 
cholesUrolicum {MycobacUrium), 890 
chologenes {Bacillus), 676 
chologenes {Bacterium), 676 
chondri {Strepiothrix), 976 
Chondrococcus, 1009,1044 
Chondromyces, 14,17,20,24,26,1036 
choukevitchi {Bacillus), 612 
chrisiiei {Bacterium), 769 
christophersoni {Actinomyces), 975 

christophersoni {Nocardia),975 

Chromatium, 16, 23, 25, 29, 30, 846, 862, 
863, 866, 867, 869 
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chromidrogenus citreus (Micrococcus), 256 
chromidrogenus ruber (Micrococcus), 256 
chromoaromaticus (Bacillus), 657 
chromo-aromaticus (Bacterium), 657 
Chromobactcrium, 20,32, 37, 223, 231,694 
chromojlavus (Micrococcus), 256 
ckromogenes (Cladothrix), 969 
chromogenes (Clostridium), 805 
chromogenes (Oospora), 969 
chromogenes ^ alba, (Actinomyces) 934 
chromogenus (Actinomyces), 934, 940, 969, 

970, 972 

chromogenus 205 (Aclinoynyces), 941 
cliroococcum (Azotobacter), 219 
chroococcus (Bacillus), 219 
ChroosUpes, 872 
chrysanthemoides (Vibrio), 203 
chryseum (Bacterium), 676 
chryseus (Bacillus), 672 
chryseus (Micrococcus), 256 
chrysogloea (Bacterium), 676 
chrysogloia (Bacillus), 676 
chylogena (Eberthella), 5SZ 
chylogenes (Racillus), 450, 533 
chylurine (Bacillus), 651 
chymogenes (Bacterium), 452 
cichorii (Bacterium), 133 
cichorii (Phylomonas), 133 
cichorii (Pseudomonas), 125,133 
ciliaius (Lactobacillus), 363 
Cillobacterium, 33, 34, 369 

cincinnatus (Bacillus), 
cinctus (Bacillus), 7AO 
cinerea (A'eisser/a), 299, 301 
cinereo-niger (Actinomyces), 969 
cinereotiigeraromaticus (Actinomyces), 

969 

cinereo-nigra (T^ocardta), 969 
cinereus (Micrococcus), 301 
cinereus (Streptococcus), 338 
cinereus niger aromaticus (Actinomyces), 

969 

cineronigra aromaiica (Streptothrix), 969 
cinnabareus (Micrococcus), 244, 255, 256, 

257, 274, 275 

cinnabareus (Rhodococcus), 244 
cinnabannus (Micrococcus), 256 


circulans (Bacillus), 722, 72S, 737, 741, 
circulans (Bacterium), 722 
circularis major (Bacillus), 580 
circularis minor (Bacillus), 362 
cirrhiformis (Micrococcus), 256 
cirrhosus (Chondrococcus), 1045 
cirrkosus (Myxococcus), 1045 
cirrojlagellosus (Bacillus), 741 
cissicola (Aplanohacier), 134 
cissicola (Pseudomonas), 134 
Citivir, 1209 

citrarefaciens (Bacterium), 119 
ciirarefaciens (Pseudomonas), 119 
citrea (Nocardia), 908,975 
citrea (Sarcina), 288,291 
citrea (Streptothrix), 969 
citrea conjunctivae (Sarcina), 291 
ciireum (Bacterium), 651, 676, 687 
citreum (Semiclosiridium), 762 
citreus (Actinomyces), 946, 969 
citreus (Ascobacillus), 651 
citreus (Bacillus), 651, 676 
citreus (Enterococcus), 336 
citreus (Micrococcus), 239, 242 , 254, 256 
257, 261, 265, 268, 278, 280, 338 
citreus I (Micrococcus), 256 
citreus II (Micrococcus), 256, 275 
citreus (Mycococcus), 891 
citreus (Planococcus), 288 
citreus (Proaclinomyces), 908 
citreus (Staphylococcus), 242 
citreus (Streptococcus), 338 
citreus (Streptomyces), 946 
citreus baregensis (Microbacitlus), 690 
citreus cadaversis (Bacillus), 687 
citreus cadaveris (Bacterium), 687 
citreus conglomeratus (Diplococcus), 239 
citreus conglomeratus (Merismopedia)t 
239 

citreus conglomeratus (Micrococcus), 239 
citreus duodenalis (Staphylococcus), 701 
citreus granulatus (Micrococcus), 256, 277 
citreus lactis (Micrococcus), 257 
citreus liquefaciens (Diplococcus), 257 
citreus liquefaciens (Micrococcus), 257 
citreus rigeiisis (Micrococcus), 257 
citri (Bacillus), 156 
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citr-cocc 


cUri {Bacierium)y 156 
citri (Phagus), 1136 
cilri {Phylomonas), 156 
ciiri {Pseudomonas), 156 
citri (Xanthomonas), 166, 1129, 1134, 
1135,1136 

citri deliciosae {Bacterium), 178 
citricus {Bacillus), 651 
citrimaculans {Bacillus), 475 
citrimaculans {Bacterium), 475 
citrimaculans (Erwinia), 476 
citrina {Sarcina), 291 
citrinus {Bacillus), 651 
ciirinus {Micrococcus), 257 
citriputeale {Bacterium), 119, 120, 
citriputealis {Phytomonas), 120 
citriputealis {Pseudomonas), 120 
CilTohacter, 448 

citrocremeus {Actinomyces), 915 
citrophilum (Achromobacter), 610 
citrophilum {Urobacterium), 610, 691 
citrophilus {Streptococcus), 339 
citrovorum (Leuconostoc), 347 
citrovorus {Streptococcus), 347 
citrovorus-paracitrovorus {Streptococcus), 
348 

Cladascus, 12, 13 
cladogenes {Bacillus), 651 
cladoi {Bacillus), 741, 758 
Cladothrix, 6, 17, 18, 917, 980, 982, 1121 
claihomei {Salmonella), 518 
clathratiforme {Aphanothece), 871 
clathratiforme (Pelodictyon), 871,872 
Clathrochloris, 872 
Clathrocystis, 6, 847 
clavatus {Bacillus), 400, 813 
clavatus {Myxococcus), 1045 
clavifer {Actinomyces), 969 
clavifolium (Aureogenus), 1167 
claviforme {Bacterium), 823 
claviformis {Bacillus), 651, 823 
claviformis (Micrococcus), 257 
claviformis (Pacima), 823 
claviformis {Tyrotkrix), 823 
demo {Pseudomonas), 694 
cleoni {Bacillus), 652 
Cloaca ,10 


cloaca {Microspira), 202, 203, 20() 
cloacae {Actinomyces), 969 
cloacae (Aerobacter), 455, 456, 457, 460 
670, 692 

cloacae {Bacillus), 455, 457 
cloacae {Bacterium), 455 
cloacae {Cloaca), 455 
Clonotbrix, 12, 17, 19, 26, 35, 9S3 
clonotricoides {Mycothrix), 9S3 
closteroides {Bacillus), 722, 741 
clostridiiforinis (Bacterium), 676, 577 
clostridiiformis {lUslella), 576 
clostridiiformis mobilis {Zuherella), 577 
clostridioides {Bacillus), 720 
Clostridium, II, 22, 27, 30, 31, 33, 42, 43, 
76, 216, 367, 763 
Closlrillium, 7, 705 
Closlrinium, 7, 705 
coudunata (Pseudomonas), 101, 697 
coadunaium {Achromobacter), 101 
coadunalus {Bacillus), 101 
coadunatus {Bacterium), 697 
coagulans (Bacillus), 531, 713 
coagulans (Bactcroides), 667, 577 
coagulans {Balkanella), 531 
coagulans {Clostridium), 782 
coagulans {Pasteurella), 567 
coagulans {Salmonella), 531 
cobayae {Bacillus), 714 
cobayae {Borrelia), 1066 
cobayae {Spirochaeta), 1066 
cobayae {Treponema), 1066 
coccacea {Pseudomonas), 146 
cocciforme {Bacterium), 403, 693 
cocciformis {Brucella), 693 
coccineurn {Thiospirillum), 856, 8o9 
coccineus {Bacillus), 652, 741 
coccineus {Micrococcus), 257 
Coccobacillary bodies (Nelson), 1294 
Coccobacillus, 546,1291 
Coccobacterium, 479 
coccoides (Eperythrozoon), 1112,1113 
coccoides (Nitrosocystis), 72, 73 
coccoideum {Achromobacter), 423 
coccoideum {Bacterium), 423 
coccoideus {Bacillus), 710 
Coccomonas, 11 
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Coccothrix, S76 

cochleariutn (Clostridium), 794, 799 

cochlearium {Flectridium), 794 

cochlearius {Bacillus), 794 

cochlcarius {Flemingillus), 794 

cocoide {Bartonella), 1101 

coed {Bacillus), 416 

coeliaca (Xocardia), 899, 906, 913 

coeliacum {Flavobaclerium), 906 

coeliacum iMijcohacierium), 392,906 

cocliacMS {Vroaciinomijces), 906 

coelicolor {Actinomyces), 935 

coclicolor {Bacillus), 

coelicolor {Bacterium), 401 

coelicolor {Nocardia), 935 

coelicolor (Streptomyces), 935 

coelicolor {Streplothrix), 935 

coeln {Salmonella), 503 

coelorhynchus {Coccohacillus), 636 

coenohios {Pseudomonas), 697 

coerulea {Micromonospora), 980 

coerulea {Pseudomonas), 234 

coeruleo-viridis {Bacillus), 652 

coeruleum {Chromobaclerium), 234 

coeruleus {Bacillus), 234, 652 

coeruleus {Bacterium), 234 

cojfeicola {Bacillus), 639 

cohaerea {Pseudomonas), 146, 697 

cohaere7is {Bacillus), 146, 632, 697, 718 

co/iaere7is {Chromobacterium), 234 

cokaereus {Bacieriurn), 697 

Cohnia, 6, 847 

cohnii {Spirillum), 1062 

cohnii {Spirochaeta), 1062 

cohnii {Spirochaete), 1054 

Cohnistreplolhrix, 925, 929 

Coleomitus, 1003 

Coleonema, 1003 

Colesiota, 1119 

coli {Aerobacter),U5 

coli {Bacillus), AA5 

coli {Bacterium), 445, 460 
coli {Colobaclrum), 445 
coli (Escherichia), 3, 444, 446 , 447, 448, 
449 450, 451, 454, 455, 460, 489, 595, 
694! 1131,1132,1133, 1134, 1296 
coli (Phagus), 1133 


coli {Pseudomonas), 146 

coli {Streptococcus), 339 

coli alcaligenes {Bacteriurn), 452 

coli anaerogenes {Bacillus), 533 

colt anaerogenes {Bacterium), 533,542 

colianaerogenes {Casiellanus), 533 

coli anindolicum {Bacterium), Ab2 

coli apium {Bacterium), 676 

coli brevis {Micrococcus), 257 

coli brevis {Streptococcus), 339 

coli citrovorum {Bacterium), 448 

coli colorabilis {Bacillus), 612 

coli colorabilis {Bacterium), 612 

coli commune {Bacterium), 445 

coli communior {Bacillus), 447 

coli-communior {Bacterium), 447 

coli communis {Bacillus), 445, 632, 697 

coli communis {Pseudomonas), 697 

coli communis verus {Bacillus), 445 

coli dyseniericum {Bacillus), 543 

coli fiavum {Bacterium), 445 

coli gracilis {Streptococcus), 326 

coli immobilis {Bacillus), 450 

coli immobilis {Bacterium), 450 

coli imperjeclum {Bacterium, 452 

coli mobilis {Bacillus), 148 

coli mobilis {Bacterium), 699 

coli mutabile {Bacterium), 451 

coli mutabile {Escherichia), 451 

coli mutabilis {Bacillus), 450 

coli mutabilis {Escherichia), 451 

coli similis {Bacillus), 676 

coli similis {Bacterium), 676 

coli var. acidilactici {Bacterium), 447 

coli var. acidilactici {Escherichia), 447 

coli var. communior {Bacterium), 448 

coli var. communior {Escherichia), 447 

coli var. immobilis {Bacterium), 450 

coli var. luteoliquefacieTis {Bacillus), 490 

coli var. luteoliquefaciens (Bacterium), 

490 

coli var. neapolilana (Escherichia), 447 
coll var. neapolitanum (Bacterium), 447 
coli var. paragruenthali (Bacterium), 451 
coli verus (Bacillus), 445 
Colibacter, 694 
Colibacterium, 11, 444 
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coli-conj 


colicogenes (Bacillus) ^ 813 
coliforme (Paracolobactrum), 460,491 
CoUoides^ 595 

colloides (Pseudomonas), 146 
colloideum (Bacterium), 676 • 
Colobactrum, 444, 453 
colofoetida (Escherichia), 452 
colofoelidus (Bacillus), i52 
coloides (Escherichia), 452 
coloides var. A (Bacillus), 452 
coloides var. B (Bacillus), 452 
colomaiii (Bacterium), 759 
colorabilis (Bacillus), 612 
colorans (Bacillus), 741 
coloratum (Propionibacterium), 379 
colosaus (Spirillum), 217 
coloiropicalis (Bacillus), 452 
colotropicalis (Escherichia), 452 
coIum6arum (Bacillus), 652 
columbarum (Bacterium), 401, 552 
columbense (Bacterium), 531 
coiumbensis (Bacillus), 531 
columbensis (Morganella), 531 
columbensis (Salmonella), 531, 532 
columnaris (Bacillus), 1047 
columaaris (Chondrococcus), 1047 
columnaris (Cytophaga), 1047 
columae (Phijtomonas), 139 
colurnae (Pseudomonas), 139 
coTnandoni (Spirochaeta), 1066 
comandoni (Treponema), 1066 
comes (Bacterium), Q7Q 
comesii (Bacillus), 741 
comma (Bacillus), 194 
comma (Microspira), 194 
comma (Vibrio), 193, 196, 198, 199, 202 , 
203, 204, 205, 206, 1142, 1143 
commensalis (Diplococcus), 257 
commensalis (Micrococcus), 257 
commune (Colibacter), 694 
commune (Corynebacterium), 403 
commune (Semiclostridium), 762 
communior (Bact7{ua), 447 
communior (Bacterium), 447 
communior (Escherichia), 448 
communior var. eoscoroba (Bacillus), 453 
communU (Bacillus), 445, 681 


communis (Siderococcus), 835 
communis lactis (Micrococcus), 257 
commutabilis (Phagus), 1136 
commutalus (Micrococcus), 257 
compacium (Bacterium), 676 
compactus (Bacillus), 676 
compositum (Polyangium), 1023 
compositum (Sorangium), 1008, 1022, 
1023 

concentricum (Bacterium), 676 
concentricum (Spirillum), 217 
concentricus (Micrococcus), 257 
concitata (Cellulomonas), 619 
concitatus (Bacillus), 619 
concoctans (Bacillus), 741 
concomilans (Bacillus), 230 
concretivorus (Thiobacillus), 81 
confervarum (Siderocysiis), 834 
confervarum (Sideroinoiias), 834 
conjluens (Micrococcus), 257 
conglomeratum (Lactobacterium), 363 
congloineratus (Micrococcus), 239, 252, 

253, 256, 257, 258, 261. 262, 265, 270, 

271, 280 

conglomeraius (Streptococcus), 315 
congolensis (Actinomyces), 918 
congolensis (Discomyces), 918 
congregata (Sporocytophaga), 1049, 1050 
Conidiothrix, 984, 995 
conjac (Bacterium), 171 
conjac (Phytomonas), 171 
conjac (Pseudomonas), 171 
conjaci (Xanthomonas), 171 
conjunctivas (Chlamydozoon), 1119 
conjunctivae (Colesiota), 1119, 1120 
conjunctivae (Micrococcus), 257 
conjunctivae (Rickettsia), 1090, 1119 
conjunctivae (Sarcina), 291 
conjunctivae bovis (Rickettsia), 1096, 1120 
conjunct!vae-galli (Colesiota), 1120 
conjunctivae galli (Rickettsia), 1096, 1120 
conjunctividis (Hemophilus), 585 
conjunctividis (Micrococcus), 257 
conjunctivitidis (Bacillus), 677 
conjunctivitidis (Bacterium), 676, 677 
conjunctivitidis subtiliformis (Bacillus), 

741 
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conjunctivitis {Bacterium), 590 
connii (Achromobacter), 423 
connii (Bacterium), 423 
conoideus (Micrococcus), 257 
conori (Dermacentroxenus), 1088 
conorii (Rickettsia), 1087, 1088, 1092 
conradi (Pseudomonas), 146 
consolidus (Bacillus), 741 
constans (^larmor), 1167 
constellalum (Bifidibacterium), 369 
constellatus (Bacillus), 369 
constellatus (Diplococcus), 310 
constrictus (Bacillus), 652 
constrictus (Bacterium), 652 
contextus (Bacillus), 741 
coniinuosus (Streptococcus), 339 
contumax (Phagus), 1136 
convexa (Pasteurella), 571 
convcxa (Pseudomonas), 96, 697 
convexus (Bacteroides), 571, 577 
convoluta (Nocardia), 919 
convoluta (Oospora), 919 
convolutum (Mijcobacterium), 919 
convolutus (Actinomyces), 919 
convolulus (Bacillus), 652 
convoltus (Bacterium), 652 
convolutus (Discomyces), 919 
coprocinus (Bacillus), 753 
coprogenes, (Bacillus) 813 
coprogenes foelidus (Bacillus), 652, 813 
coprogenes parvus (Bacillus), 544 
coprogenese parvus (Bacterium), 544 
coproliticus (Thiobacillus), 80 
coprophila (Microspira), 202, 206 
coprophilum (Bacterium), 819 
coprophilum (Spirillum), 206 
coprophilus (Bacillus), 819 
coralinus (Rhodococcus), 258 
coralUna (Nocardia), 897, 902, 903, 904 
corallina (Pseudomonas), 697, 1016 
coralUna (Serratia), 644, 902 
corallinum (Clostridium), 820 
corallinus (Micrococcus), 258 
corallinus (Proaclinomyces), 902 
corallinus (Streptohrix), 902 
coralloides (Chondrococcus), 1006, 1046, 

1046 


coralloides (Micrococcus), 258 
coralloides (Myxococcus), 1045 
coralloides var. clavatus (Chondrococcus), 

1045 

coralloides var. polycystus {Chondrococ¬ 
cus) 1045 
Corium, 1203 

corneola (Gallionella), 832 
Cornilia, 705, 763 
cornutum (Bifidibacterium), 369 
cornutus (Bacillus), 369 
cornutus (Bacteroides), 369 
coronafaciens (Bacterium), 116 
coronajaciens (Phytomonas), 116 
coronafaciens (Pseudomonas), 113,116 
coronajaciens var. atropurpurea (Phy¬ 
tomonas), 116 

coronafaciens var. atropurpurea (Pseu¬ 
domonas), 116 

coronafaciens var. atropurpureum (Bac¬ 
terium), 116 

jcorona^a (Microspira), 636 
corojiata (Siderocapsa), 834 
coronatum (Photobacterium), 636 
coronatus (Bacillus), 652 
coronatus (Micrococcus), 339 
coronatus (Streptococcus), 339 
coroniformis (Actinomyces), 969 
corrugalus (Bacillus), 741 
corrugatus (Micrococcus), 258 
corruleo-viride (Bacterium), 652 
corruscans (Bacillus), 741 
corlicale (Bacterium), 677 
corticalis (Bacillus), 677 
corin' (Bacillus), 652 
corylii (Bacterium), 640 
corylina (Phytomonas), 156 
corylina (Xanthomonas), 166 
Corynebacterium, 7, 17, 18, 21, 22, 23, 27, 
30, 35, 37, 38, 42, 381, 382, 391, 396, 400, 
401, 403, 404, 405, 407, 435, 612, 615, 
633, 866, 927 

Corynemonas, 8, 381 
Cori/nc/Arix, 381, 407 
Corynobacteriutn, 12, 13, 19, 28, 381 
coryzae (Diplococcus), 258 
coryzae (Micrococcus), 258 
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cory-cten 


coryzae contagiosae equorum {Streptococ¬ 
cus), 317 

coryzae segmentosus {Bacillus), 406 
coscoroba {Bacillus), 453, 557, 552 
coscoroba {Escherichia), 453 
coscorobae {Bacterium), 453 
coslalus {Bacillus), 741 
costicolus {Vibrio), 702 
costicolus var. liquefaciens {Vibrio), 702 
cotti {Microspironcftia), 1074 
coiti {Treponema), 1074 
couchi {Grahamella), 1110 
courmontii {Bacillus), 652 
couvyi {Leptospira), 1078 
couvyi {Spirockaeta), 1078 
Cowdria, 1094,1097 
Coxiella, 1092 
crassa {Klebsiella), 459 
crassa {Leptothrix), 985 
crassa {Simonsiella), 1004 
crasse (Caryophanon), 1004 
crassum {Bacterium), 459 
crassum {Plocamobacterium), 400 
crassum {Spirillum), 203, 217 
crassum {Thiospirillum), 851 
crassus {Bacillus), 362, 400, 652 
crassus {Diplococcus), 297, 301 
crassus {Micrococcus), 301 
crassus (Vibrio), 203 
crassus aromaticus (Bacillus), 146 
crassus pyogenes (Bacillus), 652 
crassus pyogenes bovis (Bacillus), 652 
crassus sputigenus (Bacillus), 459 
crassus var. D (Vibrio), 203 
crasteri (Vibrio), 204 
craterifer (Actinomyces), 969 
cremoidea (Bacterium), 403 
cremoides (Corynebacterium), 403 
cremoides (Micrococcus), 253, 258 
cremoides albus (Micrococcus), 258 
cremoidea aureus (Micrococcus), 253 
cremoris (Bacillus), 709 
cremoris (Streptococcus), 324 , 326, 339, 
340, 1138, 1139 

cremorisviscosx (Micrococcus), 258 
cremoris-wscosi (Staphylococcus), 258 
crenatum (Bacterium), 677 


crenatus, Thiobacillus, 81 
Crenothrix, 6, 12, 17, IS, 19, 23, 20, 987 
crepusculum (Micrococcus), 25S 
crepusculum (Monas), 25S 
cresologenes (Bacillus), 813 
cresologenes (Clostridium), 813 
cretacea (Oospora), 969 
cretaceus (Actinomyces), 969 
cretaceus (Micrococcus), 258 
cretus (Caryococcus), 1121 
criceti domestici (Grahamella), IIH) 
cricetuli (Grahamella), 1110 
crinatum (Bacterium), 741 
crinilus (Bacillus), 652, 741 
cristalliferum (Bacterium), 677 
cristallino violaceum (Bacterium), 234 
cristatus (Arthrornitus), 1003 
cristatus (Micrococcus), 258 
Cristispira, 12, 19, 20, 26, 28, 42, 1065, 
1056. 

Cristispirella, 1069 

crocatus (Chondromyces), 1000, 1036, 
1038 

crocea (Cytophaga), 1016 
croci (Bacillus), 474 
croci (Erwinia), 474 
crocidurae (Spirochacta), 1000 
crocidurae (Treponema), 1000 
crornogena (Slreptotrix), 969 
crouposa (Klebsiella), 458 
cruciferarum (Marmor), 1176 
cruciformis (Micrococcus), 258 
cruciviae (Achromobacter), 103 
cruciviae (Pseudomonas), 103 
cruentus (Chondrococcus), 1042 
cruentus (Myxococcus), 1042 
cruoris (Actinomyces), 976 
cruoris (Discomyces), 975 
cruoris (Kocardia), 975 
cruoris (Oospora), 975 
crystalloides (Bacillus), 741 
crystaloides (Bacterium), 741 
crystallophagum (Mycobacterium), 897 
cryatallophagus (Actinomyces), 898 
crystallophagus (Proactinomyces), 898 
ctenocephali (Rickettsia), 1096 
ctenocephali (Spirochaeta), 1066 
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ctenocephali {Treponema), 1066 
cubana (Salmonella), 527 
cubensis {Bacillus), 741 
cubensts {Spirochaeta), 1066 
cubonianum {Bacterium), 135, 693 
cubonianus {Bacillus), 135, 652 
cuculi {Bacillus), 40^ 
cuculi {Corynebacterium), 403 
cuculliferum (Chromatium), 853 
cucumeris {Lactobacillus), 356 
cucumeris (Marmor), 1155, 1173 
cucumeris fermentati {Bacillus), 356 
cucumeris fermentati {Ulvina), 695 
cucumeris var. commelinae {Marmor), 
1174 

cucumeris var. judicis (Marmor), 1173, 
1174 

cxuiumeris var. lilii {Marmor), 1174 
cucumeris var. phaseoli {Marmot), 1174 
cucumeris var. upsilon {Marmor), 1172 
cucumeris var. vignae {Marmor), 1174 
cucumeris var. vulgare {Marmor), 1174 
cucumis (Vibrio), 204 
cucurbitae {Bacterium), 157 
cucurbitae {Pkytomonas), 157 
cucurbitae {Pseudomonas), 157 
cucurbitae (Xanthoraonas), 157 
cuenoti {Bacillus), 652 
culicis {Entomospira), 1066 
culicis {Rickettsia), 1096 
culicis {Spirillum), 1066 
CULICIS {Spirochaeta), 1066 
culicis {Spironema), 1066 
culicis {Spiroschaudinnia), 1066 
culicis {Treponema), 1066 
cumini {Pkytomonas), 121 
cumini (Pseudomonas), 121 
cumulatus {Micrococcus), 25S, 278 
cumulatus tenuis {Micrococcus), 278 
cumulus minor {Coccus), 694 
cunealum {Bacterium), 776 
cuneatus {Bacillus), 813 
cuneatus (Vibrio), 193* 203, 205 
cuniculi {Actinomyces), 578, 910, 923 
cuniculi {Bacillus), 652 
cuniculi {Bacterium), 402, 552 
cuniculi {Cladolhrix), 578,923 


GENERA AND SPECTES 

cuniculi {Clostridium), 820 
cuniculi {Cohnistreptothrix), 928 
cuniculi {Corynebacterium), 403 
cuniculi {Hemophilus), 589 
cuniculi (/Clebsiella), 459 
cuniculi {Listerella), 409 
cuniculi (Nocardia), 910, 928 
cuniculi (A^o^ucbta), 594 
cuniculi {Oospora), 928 
cuniculi (Fasleurella), 547 
cuniculi {Spirochaeta), 1073 
cuniculi {Streptococcus), 339 
cuniculi {Streplothrix), 578, 928 
cuniculi (Treponema), 1073, 1076 
cuniculi pneumonicum {Bacterium), 552 
cuniculi pneumonicus {Bacillus), 552 
cuniculisepticus {Bacillus), 647, 652 
cuniculicida {Bacillus), 547, 552 
cuniculicida {Bacterium), 547, 681 
cuniculicida (Pastcurella), 647 
cuniculicida havaniensis {Bacillus), 612 
cuniculicida havaniensis {Bacterium), 612 
cuniculicida immobilis (Bacillus), 653 
cuniculicida immobilis {Bacterium), 653 
cuniculicida mobilis {Bacillus), 552 
cuniculicida mobilis {Bacterium), 652 
cuniculicida thermophilus {Bacillus), 681 
cuniculicida thermophilus {Bacterium), 
681 

cuniculicida var. immobile {Bacterium), 
653 

cuniculorum {Micrococcus), 271 
cunieuli {Leptotrichia), 366 
cupularis {Bacillus), 612 
cupularis {Micrococcus), 259 
cupuliformans (Nanus), 1207 
cupuliformis (Micrococcus), 259 
cursor (Bacillus), 716 
curlissi (Micrococcus), 259 
curvum (Bacterium), 188 
curvum (Rhizobium), 224 
cuticularis (Bacillus), 677, 765 

cuticularis (Bacterium), Q77 
cuticularis albus (Bacillus), 755 
cutirubra (Pseudomonas), 110. 442 
ctUirubra (Serralia), 110 
cutirubrum (Bacterium), HO 
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cuti-dare 


cutiruhrum (Flavohacterium) {Halobac- 
terium), 110 
cutis {Bacillus), 403 
cu(is {Corynebacierium), 403 
cutis commune {Bacterium), 403 
cutis communis {Bacillus), 403 
cutis communis {Micrococcus), 251, 259 
cutis communis {Staphylococcus), 259 
cyaneojluorescens {Bacillus), 145 
cyaneofiuorescens {Pseudomonas), 145, 
146 

cyaneo-fuscus {Bacillus), 233 
cyaneophosphorescena {Achromobacter) 
634 

cyaneo-phosphorescens {Bacillus), 634 
cyaneo-phosphorescens {Vibrio), 634 
cyaneum {Bacteridium), 259 
cyaneum {Pholobacteriuin), 634 
cyaneus {Actinococcus), 923 
cyaneUrS {Bacterium), 695 
cyaneus {Micrococcus), 259, 272 
cyaneus {Nigrococcus), 259 
cyaneus {Proacimornyces), 923 
cyaneus-antibioticua {Proactinomyces), 
923 

cyanofuscus {Bacterium), 233 
cyanogenes {Pseudomonas), 92, 96 
cyanogenes {Vibrio), 92 
cyanogenum {Bacteriuyn), 700 
cyanogenus {Bacillus), 92, 96 
cyanogenus {Micrococcus), 259, 695 
cyanoides (Agarbactcrium), 630 
cyanophos {Micrococcus), 636 
cyano-phosphorescens {Pkotobacterium), 
634 

cycloclasteB (Archromobacter), 420 
cycloclastes {Bacterium), 420 
Cyclops {Micrococcus), 259 
cyclosites (Vibrio), 200 
cygneus {Bacillus), 642 
cygni (Bacterium), 642 
cylindracea {Nocardia), 919 
cylindracea {Oospora), 919 
cylindraceua {Actinomyces), 919* 
cylindraceus {Discomyces), 919 
cylmdricus (Bacillus), 731 
cylindricus (Chondromyces), 1038 


Cylindrogloea, 873 
cylindroides {Bacterium), 577 
cylindroides {Ristella), 577 
cylindrosporum (Clostridium), 789 
cylindrosporus {Bacillus), 716, 718 
cyprinicida (Bacterium), 642 
cyprinicida {Klebsiella), 642 
cypripedii {Bacillus), 470 
cypripedii {Erwinia), 470 
cystiformis {Bacillus), 653, 741 
cystinovorum {Achromobacter), 416 
cysliopoeus {Micrococcus), 259 
cysiitidis {Bacillus), 653 
cyslitidis {Streptococcus), 339 
Cystobacier, 1025, 1034 
Cyslodesmia, 14, 1036 
Cystoecemia, 14, 1021 
cylaseum {Bacterium), 741 
cytaseus {Bacillus), 741 
cytaseus var. zonalis {Bacillus), 741 
cytolytica (Erwinia), 473 
Cytophaga, 35, 583, 1005,1009,1010,1012 
cytophaga {Spirochaeta), 1049 
cytophagua {Micrococcus), 259 
cytophagus {Mycococcus), 1013 
czaplewskii {Bacterium), 590 

dacryoideua {Bacillus), 653 
Dactylocoena, 14, 1044 
dacunhae {Achromobacter), 105 
dacunhae (Pseudomonas), 106 
dadhi {Streptothrix), 364 
dahlias {Bacillus), 470 
dahliae {Erwinia), 470 
dahliae (Marmor), 1179 
damnosus {Pediococcus), 250 
damnosus {Streptococcus), 250 
damnosxLS var. mucosus {Streptococcus), 
250 

danicus {Bacillus), 714 
danteci {Bacillus), 742 
dantecii {Micrococcus), 259 
danubica {Microspira), 196 
danubicum {Spirillum), 196 
danubicus {Vibrio), 196 
danysii {Salmonella), 617 
dar-es-salaam {Salmonella), 619 
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daressalaamensis {Salmonella), 519 

dassonvillei {Actinomyces), 915 

dassonvillei {Discomyces), 916 

dassonvillei {Nocardia), 916 

dassonvillei {Streptothrix), 934 

daucarum {Bacillus), 742 

daxensis (Spirochaeta), 1053 

daytona {Salmonella), 513 

de barya7ius {Bacillus), 813 

debile {Bacterium), 677 

dehilis {Streptococcus), 339 

debilitans (Legio), 1257 

decalvens {Bacterium), 259 

decalvens {Micrococcus), 25^ 

decidiosus {Bacillus), 441 

decidiosus {Bacterium), 441 

deciduosa (Cellulomonas), 621 

deciduosum {Flavobacterium), 441 

deciduosus {Bacillus), Q2i 

decipiens {Micrococcus), 259 

decipiens {Pacinia), 696 

decolor {Bacillus), 655 

decolor {Micrococcus) {Streptococcus ?), 

259 

decolorans {Aerobacter), 456 
decolorans {Citrobacter), 44S 

decolorans major {Bacillus), 653 
decolorans minor {Bacillus), 653 
decussata {Nocardia), 975 
decussata {Oospora), 975 
decussatus {Actinomyces), 975 
decussatus {Discomyces), 975 
defessus {Bacillus), 655 
deformans (Micrococcus), 259 
deformans (Phagus), 1136 
degenerans (Bacillus), 657 
degenerans (Microspira), 637 
degenerans (Photobacterium), 637 
dehydrogenans (Flavobacterium), 613 
dehydrogenans (Micrococcus), 613 
delabens (Bacillus), 147 
delabens (Bacterium), 698 
delabens (Pseudomonas), 147,697 
delacourianus (Micrococcus), 259 
delbriickii (Bacillus), 355 
delbruckii (Lactobacterium), 555 
delbrueckii (Lactobacillus), 365,695,762 


delbruecki (Plocamobacterium), 695 
delbruecki (Ulvina), 695 
delendae-muscae (Bacterium), 677 
delesseriae (Bacterium), 626 
delesseriae (Flavobacterium), 625 
delgadense (Photobacterium), 657 
delgadensis (Microspira), 637 
delicatulum (Achromobacter), 419 
delicalulus (Bacillus), 419 
delicatulus (Bacterium), 419 
delicatum (Corynebaclerium), 403 
deliense (Bacterium), 677, 759 
delmarvae (Achromobacter), 422 
delphinii (Annulus), 1216 
delphinii (Bacillus), 115 
delphinii (Bacterium), 115 
delphinii (Pectobacterium), 696 
delphinii (Phytomonas), 115 
delphinii (Pseudomonas), 116 
delta (Bacillus), 653 
delta (Bacterium), 653 
demmei (Bacillus), 742 
demmei (Micrococcus), 270 
dendriticum (Achromobacter), 423 
dendriticus (Bacillus), A25 
dendriticus (Bacterium), 42S 
dendrobii (Bacterium), 613, 640 
dendroides (Bacillus), 718, 742 
dendroporthos (Micrococcus), 259 
denekei (Vibrio), 196 
denekii (Pacinia), 196 
denied (Alcaligenes), 416 
denitrijicans (Bacillus), 423, 441, 442, 
653, 754 

denitrijicans I (Bacillus), 440 
denitrijicans II (Bacillus), 426 
denitrificans (Bacterium), 440, 688 
denitrijicans I (Bacterium), 440 
denitrijicans (Chromobaclerium), 441 
denitrijicans (Flavobacterium), 440, 688 
denitrijicaris (Micrococcus), 260 
denitrificans (Pseudomonas), 98 
denitrijicans (Suljomonas), 80 
denitrificans (Thiobacillus), 80 
denitrijicans (Vibrio), 426 
denitrijicans agilis (Bacillus), 4^ 
denitrijicans agilis (Bacterium), 423 
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deni-dick 


denitrijicana Jluorescens {Bacillus) f 98 
Denitrobaclerium, 8 
denitrofiuorescens (Bacillus) ^ 653 
DenitromonaSj 8, 83 
dentate (Leptospira), 1078 
dentalis viridans (Bacillus), 653 
dentaius (Bacillus), 742 
denticola (Spirochaeta), 1075 
denlicola (Spirochaete), 1075 
denticola (Treponema), 1075 
dentinum (Spiiochaeta), 1075 
dentium (Fusifomiis), 581 
dentium (Leptospira), 1079 
dentium (Miciococcu8),ZZQ 
dentium (Spirillum), 1075 
dentium (Spirochaeta), 1065, 1070, 1074, 
1075 

dentium (Spirochaete), 1075 
dentium (Spironema), 1075 
dentium (Streptococcits), 339 
dentium (Treponema), 1074 
dentium-steogyralum (Treponema), 1075 
deprimata (Cytophaga), 1013 
derby (Salmonella), 505 
derbyensis (Salmonella), 505 
dermacentrophila (Rickettsia), 1096 
dermacentroxenus (Rickettsia), 1087 
dermatogenes (Micrococcus), 260 
dermatogenes (Pseudomonas), 93 
dermalonomus (Actinomyces), 916 
dermoides (Bacillus), 653 
dermophilum (Corynebacterium), 403 
dermophilus (Bacillus), 403 
derossii (Bacillus), 803 
derossii (Clostridium), 803 
desaiana (Phylomonas), 121 
desaiana (Pseudomonas), 121, 125 
desidens (Micrococcus), 339 
desidens (Streptococcus), 339 
deaidiosa (Cellulomonas), 621 
desidiosum (Flavobacterium), 441 
desidiosus (Bacterium), 441 
desiduosis (Bacillus), 441, 621 
desmodilli (PaaUurella), 653 
desmolylicum (Achromobacter), 104 
deamolyticum (Pseudomonas), 104 
destillationis (Bacterium), 576 


destillationis (Risiella), 576 
deslructans (Bacterium), 470 
deslructans (Phijtomonas), 470 
deslructans (Pseudomonas), 470 
destruens (Bacillus), 742 
Desulfovibrio, 29. 30. 35. 82, 207, 209 
desulfuricans (Bacillus), 207 
desulfuricans (Desulfovibrio), 207, 20S, 

209 

desulfuricans (Microspira) . 207 
desulfuricans (Spirillum), 207 
desulfuricans (Sporouibrio), 207, 208 
desulfuricans (Vibrio), 207, 208, 853 
Detonietla, 983 
delrudens (Bacillus), 742 
devorans (Bacillus), 430 
devorans (Bacterium), 430 
devorans (Flavobacterium), 430 
devorans (Sarcina), 291 
devorans (Vibrio), 204 
dextranicum (Leuconostoc), 347 
dextranicurn (Streptobacterium), 701 
dextranicus (Lactococcus), 347 
dextrolacticus (Bacillus), 712 
diacelilactia (Streptococcus), 339 
diacetyl aromaticus (Streptococcus), 339 
Dialister, 21,27,32, 33, 577, 694 
Dialisterea, 20 
dianthi (Baciffus), 640 
dianthi (Bacterium), 640 
dianthi (Pseudomonas), 640 
diaphanus (Bacillus), 653 
diaphthirus (Bacillus), 737, 793 
diaporica (Rickettsia), 1092 
diastasius (Thermobacillus), 731 
diastaticus (Actinomyces), 939 
diastaticus (Bacillus), 742 
diastaticus (Streptomyces), 939 
diastatochromogenes (Actinomyces), 941 
diastatochromogencs (Streptomyces). 

911 

dialrypelicum (Bacterium), 677 
diatrypeticus casei (Bacillus), 677 
dickotoma (Cladothrix), 934 , 975, 982 
dickoioma (Nocardia), 975 
dichotomus (Sphaerotilus), 982 
dicksonii (Actinomyces), 969 
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Dicrobactrum, 13, 14, 479 
Dicrospira, 12, 13, 192 
Dicrospirillum, 12, 13, 28, 212 
didelphis (Spirochaeta), 1066 
Didymohelix, 23, 26, 29, 831 
diejfenbachiae (Bacterium), 157 
diejfenbachiae (Phytomonas), 157 
dieffenbachiae (Xanthomonas), 167 
difficile (Clostridium), 773 
dijficilis (Bacillus), 773 
diffluens (Bacillus), 490, 653 
diffluens (Cytophaga), 1016 
difluens (Micrococcus), 260 
dijfluens (Profeus), 490 
diffragens (Bacillus), 813 
diffusurn (Flavobacterium), 429 
diffusus (Bacillus), 429 
diffusus (Bacterium), 429 
digestans (Bacillus), 730 
digitatus (Bacillus), 653 
digitatus (Myxococcus), 1045 
dihydroxyacetonicum (Bacterium), 189 
dilaboides (Bacillus), 720 
dilatator (Caryococcus), 1121 
dimorpha (Mycoplana), 191 
dimorpha (Urosarcina), 294 
dimorphobutyricus (Bacillus), 814 
dimorphus (Bacillus), 352 
dimorphus (Bacteroides), 352 
dimorphus (Micrococcus), 260 
dimorphus var. longa (Bacillus), 352 
diphtheria vitulorum (Oospora), 578 
diphtheriae (Bacillus), 383 
diphtherias (Bacterium), 383, 401 
diphtheriae (Corynebacterium), 3S3, 384, 
385, 406, 752, 1131, 1143, 1144 
diphtheriae (Phagus), 1143 
diphtheriae avium (Bacillus), 400 
diphtheriae avium (Bacterium), 400 
diphtheriae avium (Mycobacterium), 915 
diphtheriae columbarum (Bacillus), 401 
diphtheriae columbarum (Bacterium), 401 
diphtheriae cunxculi (Bacillus), 402 
diphtheriae cuniculi (Bacterium), 402 
diphtheriae ulcerogenes cutaneum (Cory¬ 
nebacterium), 406 

diphtheria vitulorum (Bacillus), 401, 578 


diphihericum (Microsporon), 383 
diphthericus (Micrococcus), 260 
diphtheriticus (Streptococcus), 260, 337 
diphtheroides (Bacillus), 401 
diphtheroides (Coccobacillus), 402 
diphtheroides (Corynebacterium), 388, 403 
diphtheroides (Kokkobacillus), 402 
diphtheroides brevis (Bacillus), 402 
diphtheroides citreus (Bacillus), 406 
diphtheroides gallinarum (Bacillus), 403 
diphtheroides liquefaciens (Bacillus), 404, 
405 

Dipleclridium, 7, 763 
Diplobacillus, 590 

Diplococcus, 13, 17, 20, 31,33,42,306 
Diplosireptococcus, 312 
disciformans (Bacillus), 368, 742 
disciformans (Bacterium), 742 
disciformans (Eubaclerium), 368 
disciformis (Angiococcus), 1047 
disciformis (Bacillus), 742 
disciformis (Myxococcus), 1047 
discofoliatus (Actinomyces), 927 
discoides (Neisseria), 299 
Discomyces, 925 

discophora (Chlamydotkrix), 985 
discophora (Leptothrix), 986 
discophora (Megalothrix), 985 
dispar (Actinomyces), 918 
dispar (Bacillus), 540, 542, 543 
dispar (Bacterium), 542 
dispar (Discomyces), 918 
dispar (Eberthella), 42, 542 
dispar (Eperythrozobn), 1113 
dispar (Microsporon), 918 
dispar (Proshigella), 542 
dispar (Shigella), 542 
dispar (Sporotrichum), 918 
disparis (Streptococcus), 339 
Dispora, 349 

disporum (Clostridium), 820 
dtssimilis (Bacillus), 653 
dissimilis (Micrococcus), 260 
dissolvens (Aerohacter), 472 
dissolvens (Aplanobacter),4i72 
dissolvens (Bacterium), 472 
dissolvens (Clostridium), 43, 809. 810 
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diss-dupl 


dissolvens (Erwinia), 464, 472 
dissolvens {Pkyiomonas), 472 
dissolvens {Pseudomonas), 472 
Dislasoa, 20, 21, 23, 27 
distasonis (Bacteroides), 670 
disiasonis (Risiella), 570 
distendens {Streptococcus), 347 
distorlus {Bacillus), 7i2 
distorius {Tyrothrix), 742 
diversum {Acetobacter), 692 
diversum {Aerobacter), 456 
diversum {Citrobacter), 448 
djokjakartensis {Alicrococcus), 260 
dmiirovi {Spirochaeta), 1078 
dobelli {Bacillus), 742 
dobelH {Bacillus) {Flexilis), 742 
dodecahedron (Marmor), 1169 
doederlein {Lactobacillus)^ 362 
doederleinii {Acidobacterium), 362 
domesticus {Bacillus), 653 
domeslicus {Bacterium), 653 
donnae {Actinomyces), 916 
Donovania, 669 
dori {Actinomyces), 916 
dori {Discomyces), 916 
dori {Nocardia), 916 
dori {Oospora), 916 
dori {Rhinocladium), 916 
don {Sporotrichum), 916 
doriae {Oospora), 934, 968 
dormitaior {Bacillus), 437 
dormitator {Bacterium), 437 
dormitator (Plavobacterium), 437 
douglasi {Bacillus), 544 
douglasi {Shigella), 544 
^ouglasillus, 11, 763 
dowdeswelli {Urococcus), 282 
doi/eni {Bacillus), 661 
doyeni {Micrococcus), 260 
drennani {Vibno), 204 

I^repanospira, 1122 

drimophylus {Micrococcus), 260 
drocbacbense (Bacterium), 626 
droebachense {Plavobacterium), 625 
droebachense {Pseudomonas), 625 

droserae {Bacillus), 653 

droserae {BacUrium), 653 


drosophilae {Treponema), 1075 

dschunkowskii {Grahamella), UlO 

dschunkowski {Grahamia), 1110 

dubia {Eberihella), 533 

dubitata {Palmula), 812 

dubitatus {Acuformis), 812 

dubium {Bacterium), 703 

dubium {Marmor), 1172, 1214 

dubium {Rhizobiiun), 225 

dubius (Annulus), 1155, 1214 

dubius {Bacillus), 533 

dubius {Bacterium), 533 

dubius (Phagus), 1137 

dubius pneumoniae {Bacillus), 703 

dubius var. annulus {Annulus), 1215 

dubius VHT. flavus {Annulus), 1216 

dubius var. obscurus {Annulus), 1216 

dubius var. vulgaris {Annulus), 1215 

dublin {Salmonella), 517 

dublin var. accra {Salmonella), 517 

dublin var. koeln {Salmonella), 517 

duclauxii {Bacillus), 654, 742 

duclauxii {Urobacillus), 654, 688, 729, 742 

ducreyi {Coccobacillus), 5S7 

ducreyi (Hemophilus), 687 

dudtschenkoi {Grahamella), 1110 

duesseldorf {Salmonella), 514 

dulcito-fermentans {Bacillus), 772, 824 

dunbari {Microspira), 203 

dunbari {Photobacterium), 203 

dunbari {Photospirillum), 203 

dunbari {Vibrio), 702 

duodenale {Bacterium), 447 

duodenale {Encapsulata) {Bacillus), 447 

duplex {Bacillus), 590 

duplex {Bacterium), 590, 834 

duplex {Ferribacterium), 834 

duplex {Hemophilus), 591 

duplex {Moraxella), 592 

duplex {Pseudomonas), 147 

duplex {Siderobacter), 834 

duplex {Siderocyslis), 835 

duplex {Sideroderma), 834 

duplex josephi {Bacillus), 592 

duplex josephi {Moraxella), 592 

duplex liquefaciens {Bacillus), 591 

duplex liquefaciens {Moraxella), 591 
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duplex nori’Uquefaciens (Bacillus), 592 
duplex nondiquefaciens (Bacterium), 592 
duplex non liquefaciens (Moraxella), 592 
duplex var. liquefaciens (Moraxella), 591 
duplex var. liquefaciens (Moraxella), 
592 

duplicatus (Bacillus), 693 
duplicatus (Bacterium), 693 
durabilis (Phagus), 1142 
durans (Streptococcus), 327 
durban (Salmonella), 519 
dultoni (Cacospira), 1060 
dultoni (Spirillum), 1060 
duttoni ((Spiroc/iae/a), 1060 
dutloni (Spirochaeta) (Microspironema), 
1060 

duttoni (Spironema), 1060 
dultoni (Spiroschaudinnia), 1060 
duttoni (Treponema), 1060 
duttonii (Borrelia), 1060, 1061, 1064, 
1066 

dysenteriae (Bacillus), 536 , 537, 538 , 539, 
540 

dysenteriae (Bacterium), 536, 537, 689 
dysenteriae (Eberthella), 536 
dysenteriae (Phagus), 1132 
dysenteriae (Shigella), 535, 536, 537, 542, 
1131, 1132, 1133, 1134, 1135 
dysenteriae Boyd I to 111 (Bacillus), 538 
dysenteriae Flexner I to VI (Bacillus), 5S8 
dysenteriae Flexner VII and VIII (BaciB 
lus), 538 

dysenteriae liquefaciens (Bacillus), 543 
dysenteriae liquefaciens (Bacterium), 543 
dysenteriae Schmitz (Bacillus), 536 
dysenteriae vitulorum (Bacillus), 689 
dysenteriae vitulorum (Bacterium), 689 
dysentericus (Bacillus), 536, 543 
Dysenteroides, 10 
dysgalacliae (Streptococcus), 319 
dysodes (Bacillus), 742 

easthourne (Salmonella), 519 
eatonii (Micrococcus), 260 

Eberthella, 10, 21, 26, 37, 42, 494, 516, 533 
Eberthella $p. (Sendai type), 518 
Eberihus, 10, 516 


eburneus (Micrococcus), 260 
echinata (Leptothrix), 985 
eczemae (A/icrococcws), 278 
eczemicus (Bacillus), 654 
edematis (Clostridium), 775 
edgeworthiae (Bacillus), 478 
edgeworthiae (Erwinia), 478 
edigtoni (Neisseria), 301 
efficiens (Borrelina), 1226 
efficiens (Marmor), 1189,1191 
efFrenus (Phagus), 1143 
effusa (Cellulomonas),^\ 
efTusa (Pseudomonas), 91 
effusa var. nonliquefaciens (Pseudomonas), 
92 

effusus (Bacillus), 91, 718 
egens (Bacillus), 790 
egens (Clostridium), 790, 826 
egens (Stoddardillus), 790 
egregius (Bacillus), 654 
egypticum (Treponema), 1065 
Ehrenbergia, 37, 1052 
ehrenbergii (Bacillus), 597 
ehrenbergii (Bacterium), 597 
Ehrlichia, 1096 
ehrlichii (Grahamella), 1110 
Eisenbergia, 12,13, 486, 705 
eisenbergii (Pseudomonas), 97, 98, 698 
elaphorum (Bacterium), 145 
elaslica (Actinomyces), 969 
elegans (Bacillus), 742, 814 
elegans (Flexibacter), 38 
eiegans (Holospora), 1122 
elegans (Thiodictyon), 846 , 849 
elipsoideus (Bacillus), 654 
ellenbachensis (Bacillus), 715 
ellenbachensis alpha (Bacillus), 715 
ellenbachi (Bacillus), 717 
ellingeri (Coccobacillus), 452 
ellingeri (Escherichia), 452 
ellingtonii (Bacillus), ^54 
ellipsoidea (Pseudomonas), 147 
ellipsospora (Cytophaga), 1050 
ellipsospora (Sporocytophaga), 1063 
elongata (Pseudomonas), 698 
elongata (Thiospira), 702 
elusa (Spirochaeta), 1079 


1428 



INDEX OP NAMES OP GENERA AND SPECIES 


elus-epid 


elusum (Treponema) j 1079 
eminans (Bacillus), 654 
empkysematis maligni (Bacillus), 791 
emphysematis vaginae (Bacillus), 790, 826 
emphysematosus (Bacillus), 789, 790 
emphysemaiosus (Bacterium), 790 
emulsinus (Bacillus), 654 
emulsionis (Bacillus), 742 
enalia (Pseudomonas), 698 
Bncapsulaius, 10, 17, 18, 457 
encepkaloides (Bacillus), 742 
enchelys (Bacillus), 677 
enckelys (Bacterium), 677 
endiviae (Phyiomonas), 133 
endiviae (Pseudomonas), 133 
Endobacterium, 705 
endocardiiicus (Streptococcus), 339 
endocardiiidis (Bacillus), 654 
endocardiiidis (Bacterium), 677 
endocardiiidis capsulatus (Bacillus), 677 
endocardiiidis griseus (Bacillus), 654 
endocardiiidis griseus (Bacterium), 654 
endocarditis (Cillohacterium), 369 
endocarditis (Micrococcus), 274 
endocarditis griseus (Bacillus), 401 
endocarditis rugaius (Micrococcus), 274 
endometriiidis (Bacillus), 677 
endomelritidis (Bacterium), 677 
endometritis (Plocamobacterium), 677 
endometritis canis (Bacterium), 677 
endoparagogicum (Spirillum), 217 
Endosporus, 33, 34, 763 
^gleynanni (Bacillus), 654 
enterica (Eberthella), 533 
enterica (Escherichia), 450 
enUricus (Bacillus), 450, 533 
entericus (Enleroides), 450, 634 
entericus (Proteus), 489 
enteriiidis (Actinomyces), 920 
ententidis (Bacillus), 605, 616, 517, 782, 
818. 920 

enteritidia (Bacterium), 516 
enteritidia (Diacomycea), 920 
ententidia (Klebaiella), 616 
enteritidia (Nocardia), 919 
^teritidia (Ooapora), 920 
enteritidia (Phagus), 1136 


enteritidis (Salmonella), 493, 497, 616, 
517, 523.531, 1130, 1136, 1137 
enteritidis (Streptococcus), 339 
enteritidis (Streatothrix), 919, 976 
enteritidis breslau (Bacterium), 502 
enteritidis breslaviense (Bacillus)^ 502 
enteriiidis sporogenes (Bacillus), 782, 818 
enteritidis sporogenes (Clostridium), 818 
enteritidis-yellow (Salmonella), 531 
enteritidis var. chaco (Salmonella), 517 
enteritidis var. danysz (Salmonella), 517 
enteriiidis var. dublin (Salmonella), 517 
enteritidis var. essen (Salmonella), 517 
enteritidis var. jena (Salmonella), 517 
enteritidis var. moscow (Salmonella), 518 
enteritidis var. miilheim (Salmonella), bVt 
enteritidis var. rostock (Salmonella), 518 
enteritidis B, Typ. equinus (Bacillus), 
enteritidis B, Typ. murium (Bacillus), 502 
enteritidis C, Typ. ovis (Bacillus), 506 
enteritidis var. V (Salmonella), 531 
enteritis (Streptococcus), 339 
enteritis var. libmanii (Streptococcus), 

339 

Enterobacier, 31, 32, 37 
Enterobacterium, 37 
Enterococcus, 326, 336 
enterococcus (Diplococcus), 325 
enterocoliticum (Bacterium), 677 
Enteroides, 10 

enteroideus (Micrococcus), 695 
enteromyces (Bacillus), 654 
enterothrix (Bacillus), 742 
Entomospira, 12, 13, 28, 1058 
eniomotoxicon (Bacillus), 654 
enzymicum (Corynebacterium), 386, 407 
enzymicus (Bacillus), 386 
enzymothermophilus (Lactobacillus), 363 
eos (Mycobacterium), 905 
Eperythrozoon, 1100, 1111» 1113 
Eperythrozoon app., 1113 
ephemerocyanea (Pseudomonas), 147 
ephestiae (Micrococcus), 260 
ephestiae No, 1 and No. S (Bacterium), 

769 

epidemicua (Streptococcua), 315 
epidermidia (Albococeua), 243 
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epidermidis {Bacillus), 742 
epidermidis {Conjnebacterium), 403, 406 
epidermidis {Leptothrix)^ 691, 742 
epidermidis (Micrococcus), 243, 252, 
254, 255, 256, 259, 264, 265, 270, 271, 
272 

epidermidis {Plocamobaderium), 691 
epidermidis {Staphylococcus), 243 
epidermidis var. A {Albococcus), 243 
epidermidis albus {Micrococcus), 243, 268 
epidermidis albus {Staphylococcus), 243 
epidermis {Micrococcus), 27S 
Epidermophyton sp., 921 
epimetheus {Micrococcus), 260 
epiphiiica {Chlamydothrix), 986 
epiphytica (Lcptothrix), 985 
epiphytica {Lyngbya), 986 
epiphytica {Streptothrix), 885 
epiphytus {Bacillus), 743 
eppingeri {Actinomyces), 896 
eppingerii {Slreptolrix), 896 
epsilon {Bacillus), 654 
epsilon {Bacterium) 
epsteinii {Achromobacter), 424 
equae (Tortor), 1278 
equarius {Streptococcus), 339 
equatilis communis {Bacillus), 102 
equesiris {Malleomyces), 554 
equi {Actinomyces), 

equi {Bacillus), 654 

equi {Bacterium), 541 

equi {Bollingera), 253 

equi {Bolryomyces), 253 

equi (Corynebacterium), 391 

equi {Corynetkrxx), 406 

equi {Discomyces), 252, 920 

equi {Mycobacterium), 391 

equi (A^ocardio), 920 

e^i ISarcina), 290, 291, 292, 294 

equi {Shigella), 541 

equi {Spirillum), 1066 

equi {Spirochaeta), 1066 

equi {Spironema), 1066 

equi {Spiroschaudinnia), 1066 

equi (Streptococcus), 317,318 

equi {Treponema), 1066 

equi intestinalis {Bacillus), 654 


equi intestinalis {Bacterium), 654 
equidisians {Bacillus), 1098 
equina {Spirochaeta), 1066 
equinus (Erro), 1263 
equinus (Hostis), 1240 
equinus (Streptococcus), 323, 339 
equirulis {Bacillus), 541 
equirulis (Shigella), 640 
equiseptica {Pasteurella), 553 
equisepticus {Bacillus), 553 
equisimilis (Streptococcus), 318, 319 
equorum (Tortor), 1277 
equorum (Trifur), 1282 
equuli {Bacillus), 541 
erebea (Legio), 1269 
erectum (Podangium), 1008, 1034 
erecius {Chondromyces), 1034 
erectus {Cystobacter), 1034 
eriobotryae {Bacterium), 144 
eriobotryae {Phytomonas), 144 
eriobotryae (Pseudomonas), 144 
erivanense {Bacterium), A7\ 
erivanensis {Bacillus), 471 
erivanensis (Erwinia), 471 
Ermengemillus, 11, 763 
erodens {Bacillus), 743 
erodens {Foliopellis), 1171 
erodens (Marmor), 1171 
erodens var. severum {Marmor), 1171 
erodens var. vulgare {Marmor), 11/1 
erodii {Bacterium), 121 
erodii {Phytomonas), 121 
erodii (Pseudomonas), 121 
Erro, 1248 

erubescens {Bacillus), 654 
Em'inia, 31, 42, 443, 463, 476 
erysipelatis {Micrococcus), 315 
erysipelatos {Staphylococcus), 315 
eryd,pelatos {Streptococcus), 315, 1139 
erysipelatos-suis {Bacillus), 410 
erysipelatos-suis {Erysipelolhrix), 41 

erysipelatos suum {Bacterium), 410 
erysipelatosus {Streptococcus), 315 
erysipeloides {Babesia), 411 
erysipeloides {Streptothrix), 411 
erysipeloidis (*4 ctinomyces ), 411 
erysipeloidis {Bacterium), 411 
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erys-exan 


erysipeloidis (Erysipelothrix), 411 
erysipeloidis {Oospora), 411 
Erysipelothrix, 18, 21, 22, 27, 28, 35, 37, 
38, 409, 410 

erythematis {Bacillus), 742 
erylhematis {Bacterium), 742 
erythematis maligni {Bacillus), 742 
erythra {Pseudomonas), 147 
erythraeus {Bacillus), 641 
erythrea (A^ocardia), 920 
erytkrea {Streptotkrix), 920 
erythreus {Actinomyces), 938 
erythreus (Streptomyces), S38 
Erythrobacillus, 10,479 
Prythrobacterium, 32 
^rythrochromogenes {Actinomyces), 944 
erythrochromogenes {Streptomyces), 944 
Brytkroconis, 844 
erytkrogenes {Bacillus), 600 
erythrogenes (Bacterium), 600, 601, 602 
^rythrogenes {Corynebacterium), 600 
erythrogenes {Erythrobacillus), 600 
erythrogenes rugatus {Bacillus), 654 
erythrogloeum (Bacterium), 637 
erytkromyxa {Bacillus), 677 
erythromyxa {Bacterium), 677, 687 
erytkromyxa {Micrococcus), 291 
erythromyxa {Micrococcus) {Staphylo¬ 
coccus), 392, 677 

erythromyxa {Rhodococcus), 8, 677 
erythromyxa {Sardna), 291 
erythropolis {Actinomyces), 898 
erythropolis {Mycobacterium), 898 
erythropolis (Nocardia), 898 
erythropolis {Proactinomyces), 898 
erythrospora {Pseudomonas), 147 
erythrospores {Bacillus) {Slreptobacter), 
654 

eryihrosporus {Bacillus), 147, 654 
erythrosporus {Bacterium), 654 
erzinjan {Salmonella), 507 
Escherichia, 3, 10, 21 , 26, 31, 37, 443, 444, 
448, 450, 458, 492, 694 
escherichii {Bacillus), 445 
essen 17S {Salmonella), 505 
esaeyana {Serratia), 484 
esterificans {Bacillus), 43, 743 


esterificans {Micrococcus), 260 

esterificans {Plectridium), 743 

esterificans fiuorescens {Bacillus), 654 

esterificans stralauense {Bacterium), 654 

esteroaromaticum {Bacterium), 436 

esteroaromaticum (Flavobacterium), 436 

eta {Bacillus), 654 

eta {Bacterium), 654 

ethaceticus {Bacillus), 654 

ethacetosuccinicus {Bacillus), 655 

ethylicum {Eubacterium), 367 

ethylicus {Amylobacler), 813 

etousae {Shigella), 544 

Euacetobacter, 180 

Euactinomyces, 929 

Eubacillus, 9, 28 

Eubacterium, 27, 28, 33, 34, 367 

Euclostridium, 763 

Eucystia, 13, 546 

Eugluconobacter, 180 

Eumyces, 876 

euonymi (Marmor), 1187 

euprima {Vibrio), 702 

europaea (Nitrosomonas), 70 

europaea {Pseudomonas), 70 

europaea var. italica {Nitrosomonas), 70 

europaeus {Planococcus), 70 

eurydice (Achromobacter), 421, 724 

eurydice {Bacterium), 421 

eurygyrata {Borrelia), 1066 

eurygyrala {Spirillum), 1066 

eurygyrata {Spirochaeta), 1066 

eurygyrata {Spiroschaudinnia), 1066 

eurygyratum {Spironema), 1066 

eurygyralum {Treponema), 1087 

euryhalis {Micrococcus), 695 

eurystrepta (Spirochaeta), 1062 

eutetticola {Chlorogenus), 1219 

evagatus (Charon), 1266 

evanidus {Bacillus), 

evansi (firuccWa), 563 

evolutus (Streptococcus), 332 

ezanthernatica {Spirochaete), 1070 

exantheinaticum {Bacterium), 677 

exanthematicus {Bacillus), 677 

exanthematicus {Micrococcus), 260 

exanthemalofebri {Rickettsia), 1086 
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exanthematotyphi (Rickettsia), 1084 
exanthematotypki (Spirochaeta), 1067 
exanthematotyphi (Treponema), 1067 
exapatus (Bacillus),Q55 
excavalus (Micrococcus), 260 
excurrens (Bacillus), 716 
exedens (Bacillus), 631 
exfolialus (Actinomyces),%l 
exfoliatus (Streptomyces), 951 
exigua (Ristella), 569, 576 
exiguum (Bacterium), 590, 655 
exiguus (Bacillus), 655,743 
exiguus (Bacteroides), 569, 576 
exiguus (Micrococcus), 260 
exiguus (Myxococcus), 1045 
exiguus (Rabula), 1286 
exilis (Bacillus), 352, 743 
exitiosa (Phytomonas), 163 
exitiosa (Pseudomonas), 163 
exiliosum (Bacterium), 163 
exposilionis (Micrococcus), 260 
expressus (Micrococcus), 261 

fahae (Bacillus), 224 
/a6oc (Phytomojias), 139 
fabae (Pseudomonas), 139 
fabae (Rhizobium), 224 
faecalis (Alcaligenes), 413, 416 
faecalis No. I (Bacillus), 755 
faecalis No. 11 (Bacillus), 753 
faecalis (Streptococcus), 326, 326, 336 
faecalis alcaligenes (Bacillus), 413 
faecalis var. mariense (Alcaligenes), 416 
faecalis var. radicals (Alcaligenes), 413 
faecaloides (Bacillus), 544 
faecaloides (Shigella), 54A 
faecium (Streptococcus), 325 
faeni (Aerobactcr), 456 
fairmountense (Achromobacter), 90 
fairmountensis (Bacillus), 00 
fairmounlensis (Bacterium), 698 
fairmountensis (Pseudomonas), 90, 698 
falcifor7nis (Leptothrix), 366 
fallax (Bacillus), 773 
fallax (Clostridium), 773 
fallax (Spirochaeta), 1069 
fallax (Treponema), 1069 


fallax (Vallorillus), 773 

famiger (Bacillus), 655 

farcini bovis (Streptothrix), 895 

farcinica (Cladolhrix), 895 

farcinica (Nocardia), 895 

farcinica (Oospora) 

farcinica (Streptothrix), 

farcinicus (Actinomyces, 895 

farcinicus (Bacillus), 895 

farcinicus (Discomyces), 895 

farnetianus (Bacillus), 477 

faschingii (Baclerium), 459 

fascians (Corynebacterium), 395 

fascians (Phytornonas), 395 

fasciformis (Bacillus), 360 

fastidiens (Marmor), 1189 

fastidiens var. denudans (Marmor), 1190 

fastidiens v&r. fastidiens (Marmor), 1190 

fastidiens var. mile (Marmor), 1190 

fastidiens var. reprimens (Marmor), 1190 

faslidiosus (Bacillus), 743 

fausseki (Baclerium), Oil 

faviformis (Micrococcus), 261 

febrilis (Spirochaeta), 1079 

/e6ris (Spirochaeta), 1067 

fecale (Flavobacterium),AlO 

fecale aromaticum (Bacillus), 416 

fecalis alcaligenes (Bacterium), 413 

feddei (Micrococcus), 261 

feiteli (Bacterium), 108 

felidae (Treponema), 1076 

felinus (Streptococcus), 309 

felis (Bacillus), Gbb 

felis (Bacterium), 553 

felis (Cocco-bacterium), 655 

felis (Miyagawanella), 1118 

felis (Pasieurella), 553 

felis (Tarpeia), 1271 

felis (Tortor), 1279 

felis septicus (Bacillus), 553 

felis septicus (Bacterium), 553 

felsineum (Clostridium), 806 

felsineus (Bacillus), 

felsinus (Clostridium), 806 

felthami (Pseudomonas), 698 

Fenobacter, 705 

ferarum (Pasteurella), 5i7 
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fermenians (Flavobacterium), 172 
fermentans (Pseudomonas), 172 
fermentatae {Lactobacillus) ^ 35S 
fermentaiionis {Achromobacter), 424 
fermentationis {Bacillus), 655 
fermentaiionis {Bacterium), 424 
fermentaiionis cellulosae {Bacillus), 809 
fermenti (Lactobacillus), 359,380 
fermenii {Micrococcits), 340 
fermenti {Streptococcus), 340 
fermentosus {Wesenbergus), 534 
fermeniurn {Laciobacterium), 360 
ferophilum {Bacterium), 677 
ferrarii {Pacinia), 690 
ferrigenus {Bacillus), 743 
ferruginea (Cellulomonas), 620 
ferruginea {Chlamydothrix),S3l 
ferruginea {Didymokelix), 831 
ferruginea {Oaillonella), 831 
ferruginea (Gallionella), 831, 832 
ferruginea {Gloeoiila), 831 
ferruginea {Itersonia), 1044 
ferruginea {Nocardia), 975 
ferruginea {Spirochaete), 831 
ferruginea {Spirulina), 831 
ferruginea {Toxothrix), 984 
ferrugineum {Bacterium), G55 
ferrugineum (Flavobacterium), 438 
ferrugineum {Nodofolium), 831 
ferrugineum (Polyangium), 1031 
ferrugineum {Spirillum), 831 
ferrugineum {Spirophyllum), 831 
ferrugineum (iSpirosomo), 831 
ferrugineus {Actinomyces), 975, 969 
ferrugineus {Bacillus), 620, 655 
ferruginia {Gloeosphaera), 831 
feriilis {Bacillus), 655 
fervitosus {Micrococcus), 261 
feseri {Bacillus), 776 
fesen {Clostndium), 775,776 
festinus {Bacillus), 743 
fetus {Spirillum), 201 
fetus (Vibrio), 201 
fibrosus {Bacillus), 814 
fid {Bacterium), 640 
fi^ {Phytomonas T), 640 
fickii {Micrococcus), 261 


fickii {Pacinia), 690 
figurans {Bacillus), 718 
figurans {Bacterium),118 
fijiensis (Galla), 1167 
filamentosa {Palmula), 800 
filamentosum {Bacterium), 743 
filamentosum {Calenabacterium), 368 
filamentosum (Clostridium), 800 
filamentosum (Corynebacterium), S97, 
920 

filamentosus {Acuformis), 800 
filamenlosus {Bacillus),1\8 
filamentosus (Lac^o6aci7/us), 363 
jilaris {Bacillus), 743 
filatim {Lactohacterium), 363 
filefaciens {Achromobacler), 424 
Jilefaciens {Bacterium), 424 
filicolonicus {Bacillus), 743 * 
filiforme {Bacterium), 759 
filiforme (Clostridium), 792 
filiformis {Actinomyces), 969 
filiformis {Bacillus), 578, 718, 743, 989 
filiformis (Caryophanon), 1004 
filiformis {Leptothrix), 366 
filiformis {Nocardia), 969 
filiformis {Simonsiella), 1004 
filiformis {Tyrotkrix),748 
filiformis kavaniensis {Bacillus), 679 
filiformis kavaniensis {Bacterium), 679 
fima (Corynebacterium), 303 
fimbriata {Pseudomonas), 147, 698 
fimbriatus {Actinomyces), 989 
fimbriatus {Bacillus), 147 
fimbriatus {Bacterium), 698 
fimentaria {Sarcina), 291 
fimi {Bacillus), 396 
fimi {Bacterium), 396,397 
fimi {Cellulomonas), 396 
fimicarius {Actinomyces), 940 
fimicarius (Streptomyces), 910 
finitimum {Bacterium), 678 
finitimus ruber {Bacillus), 655, 678 
finitimus ruber {Bacterium), 678 
finkleri {Microspira), 197 
finkleri {Pacinia), 197 
finkleri {Spirillum), 197 
finkleri {Vibrio), 197 
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jinlayensis {Micrococcus), 261 

firmus (Bacillus), 713 

fischeli {Slrepiococcus), 340 

fischeri (Achromohacter), G33 

fischeri (Bacillus), 633, 635 

fischeri (Microspira), 633 

fischeri (Photobacterium), 633, 634, 635, 

636 

fischeri (Vibrio), 633 

Fischerinum, 13 

fissum (Clostridium), 773 

fissuraius (Bacillus), 

fissus (Bacillus), 773 

fitz (Bacterium), 771 

jitzianum (Bacterium), 743 

fitzianus (Bacillus), 743 

flabelliferum (Clostridium), 783 

fiaccidifex (Gyrococcus) ,2B0, 261 

fiaccidifex danai (Micrococcus), 261 

flaccumfaciens (Bacterium), 399 

flaccumfaciens (Corynebacterium), 398, 

399 

flaccumfaciens (Marmor), 1193 
flaccumfaciens (Phytomonas), 399 
flaccumfaciens (Pseudomonas), 399 
flacheriae (Borrelina), 1227 
flagellaius (Bacillus), 8ZS 
flagellatus (Micrococcus), 261 
flagellifer (Bacillus), 743 
fiava (Cellulomonas), 618 
flava (Hydrogenomonas), 77,78 

flava (Neisseria), 298, 299 

flava (Nocardia),908 

flava (Sarcina), 253, 288, 290, 291, 292, 

293 294 

flava (Sireptothrix), 923, 969, 975 
flava begoniae (Phytomonas), 155 
flava varians (Merismopedia), 240 
flavens (Micrococcus), 261 
flaveolus (Actinomyces), 936 
flaveolus (Streptomyces), 936 
flavescens (Bacillus), 441, 669, 744 
flavescens (Cellvibrio), 210 
flavescens (FlavohacieTium), 441 
flavescens (Micrococcus), 261 
flavescens (Neisseria), 299 
flavescens (Nocardia), 913 


flavescens (Pneumococcus), 697 
flavescens (Proactinomyces), 913 
flavescens (Sarcina), 291 
flavescens (Spirillum), 204 
flavescens (Spirosoma), 204 
flavescens (Vibrio), 203, 204 
flaveum (Bakterium), 678 
flavicula (Cytophaga), 1016 
flavida (Erwinia), 471 
flavidescens (Bacillus), 655 
flavidum (Corynebacterium), i06 
flavidus (Bacillus), 406,471, 744 
flavidus (Micrococcus), 261 
flavidus alvei (Bacillus), 744 
flavigena (Bacillus), 
flavigena (Cellulomonas), 622 
Flavimacula, 1202 
Flavobacler, 427 

Flavobacterium, 20, 31, 32, 81, 427, 440, 
442, 533, 609, 1296 

flavochromogenes (Actinomyces), 941 
flavochromogenes (Streptomyces), 941 
flavocoriaceum (Bacterium), 678 
flavocoriaceus (Bacillus), 67S 
flavocyaneus (Staphylococcus), 282 
flavofuscum (Bacterium), 678 
flavogriseus (Actinomyces), 969 
flavoides (Bacillus), 655 
flavotennae (Flavobacterium), 439 
flavovirens (Actinomyces), 940 
flavovirens (Micrococcus), 261 
flavovirens (Streptomyces), 940 
flavoviridis (Bacillus), 744 
flavozonata (Bacterium), 155 
flavozonatum (Xanthomonas), 155 
flavum (Archangium), 1019 
flavum (Bacterium), 678 
flavum (Flavobacterium), 441 
flavum (Microbacterium), 370 
flavum (Mycobacterium), 370 
flavum (Nitrohacter), 76 
flavum (Polyangium), 1019 
flavum (Semiclostridium), 762 
flavum (Spirillum) 
flavum (Spirosoma), 204 
flavus (Actinomyces, 923, 945, 969, 970, 
975 
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flav-fluo 


fiatms {Bacillus), 441, 655, 674, 710 
fiavus I {Diplococcus), 299 
fiavusll (Z)tp/ococcrus), 299 
fiavus {Micrococcus), 238 , 252, 253, 256, 
257, 258, 259, 261, 262, 266, 268, 270, 
274, 276, 277, 278, 280, 281 
fiavus {Proaclinomyces), 908 
fiavus {Streptomyces), 945 
fiavus {Vibrio), 203, 204 
fiavus conjunclividis {Micrococcus), 257 
fiavus desidens {Micrococcus), 339 
fiavus-liquefaciens {Diplococcus), 278 
fiavus liquefaciens {Micrococcus), 238 
fiavus liquefaciens tardus {Diplococcus), 
278 

fiavus non liquefaciens {Micrococcus), 261 
fiavus non pyogenes {Staphylococcus), 282 
fiavus iardigradus {Micrococcus), 278 
Plemingillus, 11, 763 
fietch^ri {Rickettsia), 1086 
Plezibacier, 38 
fiexibilis {Spirochaela), 1053 
flexile {Bacterium), m 
Flexilis, 742 

fiexilis {Bacillus), 742, 744, 1007 
flexilis {Flexibacter), 38 
Flexnerella, 535 
fiexneri {Bacillus), 537 
fiexneri {Bacterium ), 537 
fiexneri {Eberthella), 537 
fiexneri {Shigella), 537 
fiexuosa {Saprospira), 1055 
fiexuoaus {Bacillus), 655 
fiexuosus {Bacterium), 655 
Flexus, 20, 22 
fiexus {Bacillus), 744 
fi^ccogenum {Lactobacterium), 363 
fioccosus {Bacillus), 579, 655 
fioccosus {Bacteroides), 579 
fioccosus {Spherophorus), 579 
fiocculens {Corynebaclerium), 403 
flocculus {Actinomyces), 955 
flocculus (Streptomyces), 955 
fiorida {SalTnonella), 528 
fioridana {Pseudomonas), 698 
floridana (Thiocapsa), 846 
floridana (Thiospirillopsis), 993 


flueggei liquefaciens iVrococcus)2^i) 
fiuggei {Bacillus), 
fiuggi {Bacillus), 716, 725 
fiuidijicans {Bacillus), 655 
fiuidificans parvus {Bacillus), 655 
fiuidificans tardissimus {Bacillus), 670 
fiuitans {Chlamydothrix), 982 
fiuitans {Leptothrix), 982 
fluitans (Sphaerotilus), 982 
fiuitans {Streptotkriz), 982 
Fluorescens, 32 

fiuorescens {Bacillus), 89, 656, 693, 716 
fluorescens {Bacterium), 90 
fiuorescens {Micrococcus), 262 
fiuorescens {Proteus), 89 
fiuorescens {Pseudomonas), 90, 97, 145, 
147, 394,649, 693, 698 
fiuorescens {Streptococcus), 340 
fiuorescens albus {Bacillus), 145, 656 
fiuorescens aureus {Bacillus), 146, 656 
fiuorescens aureus {Bacterium), 656, 697 
fiuorescens aureus {Pseudomonas), 145 
fiuorescens baregensis {Bacillus), 656 
fiuorescens capsulatus {Bacillus), 93 
fiuorescens convexus {Bacillus), 96 
fiuorescens convexus {Bacterium), 697 
fiuorescens crassus {Bacillus), 698 
fiuorescens crassus {Bacterium), 698 
fiuorescens exitiosus {Pseudomonas), 147 
fiuorescens foetidus (Diplococcus), 340 
fiuorescens foetidus {Streptococcus), 340 
fiuorescens foliaceus {Bacillus), 147 
fiuorescens foliaceus (5ac(criu»i), 698 
fiuorescens incognitus {Bacillus), 95 
fiuorescens incognitus {Bacterium), 698 
fiuorescens liquefaciens {Bacillus), 90, 
632, 649, 656 

fluorescens liquefaciens {Bacterium), 698 
fluorescens liquefaciens minutissumus 
{Bacillus), 148,656 

fluorescens longus {Bacillus), 148, 658 
fluorescens longus {Bacterium), 656, 699 
fiuorescens mesentericus {Bacillus), 148 
fluorescens minutissimus {Bacterium), 699 
fluorescens mutabilis {Bacillus), 693 
fiuorescens mutabilis {Bacterium), 693 
fluorescens nivalis {Bacillus), 145, 693 
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Jluorescens nivalis {Bacierium)^ 693 
Jluorescens non-liquefaciens {Bacillus), 

98, 145, 149 

Jluorescens non-liquefaciens {Bacterium), 
698 

Jluorescens ovalis {Bacillus), 97 
Jluorescens ovalis {Bacterium), 699 
Jluorescens putidus {Bacillus), 96, 148,699 
Jluorescens putidus colloides {Bacillus), 
146 

Jluorescens putridus {Bacillus), 96 
Jluorescens schuylkilliensis {Bacterium), 

700 

Jluorescens septicus (Bacillus), 94 
Jluorescens tenuis (Bacillus), 149, 656 
Jluorescens tenuis (Bacterium), 656, 701 
Jluorescens undulatus (Bacillus), 149, 744 
Fluoromonas, 11, 83 
Jluxum (Flectridium),19Z,%26 
foedans (Bacillus), Z61 
foedans (Eubacterium), 367 
foersteri (Actinomyces), 916 
Joersteri (Cladothrix), 970 
foersteri (Cohnistreptothrix), 970 
foersteri (Discomyces), 970 
foersteri (Nocardia), 970 
foersteri (Oospora), 970 
foersteri (Streptothrix), 934, 970,977 
foetida (Bacterium), 531 
foetida (Cornilia), 787 
foetida (Escherichia), 5Zl 
foetida (Salmonella), 531 
foetidissimus (Bacillus), 656 
foetidum (Clostridium), 787, 820, 826 
foetidum (Paraplectrum), 782, 825 
foetidum (Plectridium), 782 
foetidum carnis (Clostridium) , 787,826 
foetidum fecale (Clostridium), 820 
foetidum lactis (Clostridium), 818 
foetidus (Bacillus), 53A, 656,787 
foetidus (Endosporus), 782 
foetidus (Micrococcus), 262, 329, 339 
foetidus (Streptococcus), 262, 329, 340 
foetidus var. buccalis (Streptococcus), 329 
foetidus clostridiiformis (Bacillus), 787 
foetidus lactis (Bacillus), 660 
foetidus liquefaciens (Bacillus), 424,655 


foetidus ozaenae (Bacillus), 658 
foetidus ozaenae (Bacterium), 658 
foetidus ozenae (Cocco6aa7/u5), 531 
foetus ovis (Vibrio), 201 
folia (Cellulomonas), 618 
foliacea (Pseudomonas), 147, 698 
foliaceus (Bacillus), 744 
foliicola (Bacillus), 678 
foliicola (Bacterium), 67S, 685 
forans (Spirochaeta), 1070 
forans (Spirochaete), 1070 
forans (Treponema), 1070 
fordii (Actinomyces), 958 
fordii (Streptomyces), 968 
formica (Escherichia), 452 
formicum (Achromobacter), 452 
formicum (Bacterium), 452 
Formido, 1263 

formosanum (Bacterium), 133, 1136 
formosum (Achromobacter), 424 
formosus (Bacillus), 424, 745 
formosus (Bacterium),42^ 
fortis (Vibrio), 702 
fortissimus (Bacillus), 656 
fossicularum (Bacillus), 809, 814 
foulertoni (Actinomyces), 920 
foulertoni (Discomyces). 920 
foulertoni (Nocardia), 920 
foulini (Bacillus), 744 
Fractilinea, 1159 
fradiae (Streptomyces), 954 
fradii (Actinomyces), 964 

fraenkelii (Bacterium), 145, 260 
fragariae (Blaslogenus), 1207 
fragariae (Marmor). 1195 
fragariae (Nanus), 1207 
fragariae 1 (Pseudomonas), 100 
fragariae II (Pseudomonas), 100, 101 
fragaroidea (Pseudomonas), 100, 101 
fragi (Bacterium), 100 
fragi (Pseudomonas), 100 
fragilis (Bacillus), 566, 801, 826 
fragilis (Bacteroides), 32, 666, 575 
fragilis (Fusiformis), 566 

fragilis (Merismopedia), 262 

fragilis (Micrococcus), 262 
fragilis (Phagus), 1140 


1436 



INDEX OP NAMES OP GENERA AND SPECTES 


frag-fusc 


fragilis (Recordtllus) ^ 823 

fragilis (Rislella), 32, 566, 575 

francai {Grahamella), 1110 

frankei {Bacillus), 744 

frankii var. majus (Rhizobium), 224 

frankii var. minus (Rhizobium), 224 

franklandiorum (Micrococcus), 262 

fraxini (Pseudoinonas), 132 

freeri (Actinomyces), 896 

freeri (Discomyces), 896 

freeri (Nocardia), 896 

freeri (Oospora), 896 

freeri (Strepiothrix), 896 

frequens (Vibrio), 702 

freudenreickii (Bacillus), 744 

freudenreichii (Micrococcus), 233, 251 

252, 257, 260, 233, 234, 235, 236, 269, 

272,274, 275, 277, 284 
freudenreichii (Propionibactorium), 373, 

374, 375, 376, 377, 378 
freudenreichii (Urobacillus), 744 
freudi (Spherophorus), 579 
freundii (Bacterium), 448, 678 
freundii (Bacleroides), 579 
freuttdii (Citrobacler), 448 
freundii (Colobaclrum), 448 
freundii (Escherichia), 448,460 
friburgensis (Bacillus), 888, 890 
friburgensis (Mycobacterium), 888, 890 
friedehergensis (Bacillus), 530 
friedebergensis (Bacterium), 530 
friedlander (Bacterium), 458 
friedlanderi (Bacillus), 458 
friedlanderi (Coccobacillus), 458 . 
friedlanderi (Klebsiella), 458 
friedmanii (Bacillus), 8StS 
friedmannii (Mycobacterium), 883, 884, 

385, 686,887,890 
fruciovorans (Lactobacillus), 3QZ 
frutodestruens (Bacillus), 744 
fucatum (Flavobacterium), 436 
f^hsina (Serratia), 484, 701 
/ucAsinw (Bacillus), 484 
f^hsinus (Erythrohacillus), 484 
fuchsinus (Proteus), 701 
fucicola (Bacterium), 627 
Mgurans (Spirockaeta) , 1053, 1054 


fuliginosus (Bacillus), 656 
fulminans (Bacillus), 717 
fulva (Neisseria), 301 
fulva (Sarcina), 291 
fulvissimus (Actinomyces), 946 
fulvissimus (Streptomyces), 946 
fulvum (Bacterium), 605 
fulvum (Flavobacterium), 605 
fulvum (Rhodospirillum),868 
fulvus (Bacillus), 605, 656 
fulvus (Cellvibrio), 210 
fulvus (Galactococcus), 250 
fulvus (Micrococcus), 262, 2S1, 1041 
fulvus (Myxococcus), 1008,1041 
fulvus (Rhodococcus), 8, 258, 281, 1041 
fulvus var. albus (Mtjxococcus), 1041 
fulvus var. miniatus (Myxococcus), 1041 
fumeus (Bacillus), 656 
fumigatus (Bacillus), 612 
fumosum (Polyangium), 1032 
fumosus (Bacillus), 656 
funduliformis (Bacillus), 566 
funduliformis (Bacteroides), 663, 579, 
1295 

funduliformis (Spherophorus), 566, 579 
fungiformis (Cladoihrix), 983 
fungoides (Bacillus), 678 
fungoides (Bacterium), 678 
fungosus (Bacillus), 656 
funicularis (Bacillus), 744, 814 
furcabilis (Cladascus), 13 
furcosa (Ristella), 575 
furcosus (Bacillus), 575 
furcosus (Bacteroides), 575 
furcosus (Fusiformis), 575 
furens (Tortor), 1280 
furvus (Bacillus), 744 
fusca (Actinomyces), 924, 970 
fusca (Cellfalcicula), 211 
fusca (Clonothrix), 983, 987 
fusca (Crenothrix), 983 
fusca (Micromonospora), 979 
fusca (Nocardia), 923 
^fusca (Oospora), 923 
fusca (5arctna), 291 
fusca (Streptothriz), 923 
fuscans (Bacillus), 656 
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fuscescens {Bacilhis), 656 
fuscescens {Bacterium), 657 
hiscescens {Sarcina), 291 
fuscuin {Bacterium), 611, 678 
fuscum {Chromobacterium), 611 
fuscum (Flavobacteriurn), 611 
fuscum (Polyangium), 1006, 1008, 1030 
fuscum var. velalum {Potyangium), 1006, 
1030 

Juscus {Bacillus), 611, 650, 652, 657, 678, 
680 

fuscus {Cystobacter), 1030 
fuscus {Discomyces), 923 
fuscus {Micrococcus), 262, 277 
fuscus {Vibrio), 204 
fuscus lijubaius {Bacillus), 656 
fuscus limbatus {Bacterium), 657 
fuscus liquefaciens {Bacillus), 680 
fuscus liquefaciens {Bacterium), 680 
fuscus pallidior {Bacillus), 683 
fuscus pallidior {Bacterium), 683 
Fusibacillus, 20, 22 
fusiforme {Corynebacierium), 581 
fusiforme {Rhabdochromatium), 854 
Fusiformis, 13. 18, 19, 28, 30. 34, 38, 
581,683 

fusiformis {Bacillus), 581,728 
fusiformis {Bacteroidea), 22 
fusiformis {Fusiformis), 581 
fusiformis {Rhabdomonas), 854 
fusisporus {Bacillus) {Streptobacter), 744 
Fusobacterium, 18, 27, 37, 681, 583 
Fusocillus, 34,38,581 
fusus {Bacillus), 744 
futilis (Phagus), 1144 

gabritschewskii {Actinomyces), 970 
gadi {Microspironema), 1067 
gadi {Spirockaela), 1064,1066, 1068 
gadi {Spironema), 1067 
gadi {Treponema), 1067 
gadi pollachii {Spirochaeta), 1069 
gadidarum {Diplococcus), 289 
gadidarum {Pediococcus), 289 
gaertner {Bacillus), 516 
Gaffkia, 33, 34 

GaflFkya. 29, 31,34, 283. 284 


Gaillonella, 831 
Galactococcus, 235 
galactopkila {Escherichia), 452 
galactophilum {Bacterium), 452 
galba (Cellulomonas), 617 
galbanatus {Micrococcus), 2Q2 
galbus {Bacillus), 617 
Gaila, 1167 

galleriae {Bacterium), 759 
galleriae No. I {Bacterium), 759 
galleriae No. 2 {Bacterium), 759 
galleriae No. 3 {Bacterium), 760 
galleriae {Streptococcus), 340 
galli (Tortor), 1279 
gallica {Spirochaeta), 1067 
gallicidus {Micrococcus), 262 
gallicolum {Treponema), 1075 
gallicum {Treponema), 1067 
gallicus {Actinomyces), 959 
gallicus (Streptomyces), 969 
gallii {Clostridium), 820 
gallinae (Legio), 1262 
gallinae {Pasteurella) 
gallinae {Spirochaeta), 1058 
gallinarum {Bacillus), 520, 530 
gallinarum {Bacterium), 520 
gallinarum {Borrelia), 1058 
gallinarum {Corynebacierium), 403 
gallinarum {Grahamella), 1110 
gallinarum {Hemophilus), 589 
gallinarum {Listerella), 409 
gallinarum (Salmonella), 492, 493, 498, 
620.521, 1135, 1136, 1137 
gallinarum {Shigella), 520 
gallinarum {Spirochaeta), 1058 
gallinarum {Spironema), 1058 
gallinarum {Treponema), 1058 
gallinarum (Trifur), 1283 
gallinarum var. duisburg {Salmonella), 
521 

gallinarum var. hereditaria {Spirochaeta), 
1059 

Gallionella, 12, 17, 35, 831. 832 
galophilum {Achromobacter), 424 
galiieri {Bacillus), 657 
gaminara {Salmonella), 529 
gamma {Bacillus), 678 
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gamma (Bacterium), 678 
gammari (Bacterium), 678 
gangliforme (Bacterium), 744 
gangliformis (Bacillus), 744 
gangraenae (Bacillus), 744, 814 
gangraenae carcinomatosae (Spirochaeia) 
1067 

gangraenae pulpae (Bacillus), 744 
gangraenosa nosocomialis (Spirochaeia), 
1067 

gangraenosa nosocomialis (Treponema), 
1067 

Q<ingrenae emphysemaiosae (Bacillus), 776 
gangr. ovium (Micrococcus), 267 
gangrenae pulmonaris (Streptohacillus) 
368 

gangrenoaus (Ascococcus), 250 
gardeniae (Phytomonas), 136 
gardeniae (Pseudomonas), 136 
gardneri (Nocardia), 914 
gardneri (Proactinornyces), 914 
garteni (Actinomyces), 975 
garteni (Discomyces), 975 
garUni (Nocardia), 975 
garteni (Oospora), 975 
gasoformans (Ackromohacter), 424 
g^eoformans (Bacillus), 424, 657, 745 
gasoformans (Bacterium), 424 
gasoformans (Pseudomonas), 147 
gasoformans (Sarcina), 291 
gasoformans non liquefaciens (Bac¬ 
terium), 657 

gasogenes (Bacillus), 812 
gasogenes alcalescens anaerobius (Micro¬ 
coccus), 303 

gastrica (Escherichia), 451 
gasincus (Bacillus), 451, 669 
gasirochaenae (Christispira), 1056 
gasirochaenae (Spirochaeia), 1056 
Oasirococcus, 326 

gastroinycosis ovis (Bacillus), 775 
gastrophilum (Bacterium), 352 
gasirophilus (Bacillus), 352 
gatuni (Salmonella), 615 
gauducheau (Vibno), 204 
gayonii (BacUnum), 360 
gayonii (Lactobacillus), 360 


gaytoni (Bacillus), 657 
gazogenes (Bacillus), 612 
gazogenes (Micrococcus), 303 
gazogenes (Pleciridium), 812 
gazogenes (Veillonella), 303, 304 
gazogenes parvus (Bacillus), 812, 827 
gazogenes var. gingivalis (Veillonella), 
304 

gazogenes var. minutissima (Veillonella), 

304 

gazogenes var. syzygios (Veillonella), 304 
gedanensis (Actinomyces), 970 
gedanensis (Discomyces), 970 
gedanensis (Nocardia), 970 
gedanensis (Streptothrix), 970 
gedanensis I (Streptothrix), 934, 970 
gelatica (Pseudomonas), 107 
gelalicum (Bacterium), 107 
gelaticus (Actinomyces), 952 
gelalicua (Bacillus), 107 
gelaticus (Streptomyccs), 962 
gelatinogenus (Micrococcus), 262, 348 
gelatinosd (Lamprocystis), 846 
gelatinosa (Rhodocystis), 864 
gelatinosa (Rhodopseudomonas), 864 
gelatinosa (Thiosphaera), 846 
gelatinosa (Thiothece), 846 
gelatinosum (Clostridium), 762 
gelatinosum betae (Bacterium), 657, 745 
gelatinosus (Bacillus), 657, 745 
gelatinosus (Micrococcus), 262 
gelatinosus (Streptothrix), 977 
gelatinum (Flavobacterium), 441 
gelatogenes (Bacillus), 657 
gelechiae, No. 1, No. 2 and No. h (Bac¬ 
terium), 678 

gelida (Cellulomonas), 622 
gelidus (Bacillus), 622 
geminum (Achroniobacter), 424 
geminus major (Bacillus), 426 
geminus major (Bacterium), 426 
geminus minor (Bacillus), 424 
geminus minor (Bacterium), 424 
gemmiforme (Bacterium), 678 
genesii (Actinomyces), 920 
genesii (Nocardia), 920, 960 
geniculata (Pseudomonas), 99, 698 
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geniculaium (Achromobacier), 00 
geniculatujn {Bacteriurn), 745 
genicuiatus {Bacillus), 99, 698, 709, 745 
geniculatus (Bacterium), 698 
geniculatus (Tyrolhrix), 745 
genitalis (Spirochaeta), 1072 
genitalis (Treponema), 1072 
genilalium (Eneapsulatus), 459 
genitalium (Klebsiella), 450 
genilalium (Streptococcus), 340 
georgia (Salmonella), 512 
gephyra (Archangium), 1006, 1017, 1031 

1047 

geranii (Phijtomonas), 166 
geranii (Xanthomonas), 166 
gerbilli (Grahamella), 1110 
gerbilli (Grahamia), 1110 
gerbilli (Listerella), 409 
gelon (Bacillus), 657 
ghinda (Microspira), 204 
ghinda (V'ibrio), 204 
ghoni (Clostridium), 820 ^ 

giardi (Bacterium), 635 
giardi (Pholobacterium), 635 
gibbonsi (Neisseria), 301 
gibbosum (Bacterium), 678 
gibsoni (Bacillus), 690 
gibsoni (Cocco6aci7/us), 690 
gibsonii (Actinomyces), 963, 970 
gibsonii (Streptomyces), 933 
gigantea (Beggiatoa), 931,992,995 
gigantea (Leptothrix), 366 
gigantea (Leptolrickia),S5Q 
gigantea (Neisseria), 301 
gigantea (Rasmussenia), 366 
gigantea (Sarcina), 291 
gigantea (Spirochaeta), 1053 
giganteum (Bacterium), 760 
giganleum (Clostridium), 820 
giganteum (Rhodospirillum), 867 
giganteum (Spirillum), 216, 217, 1053 
giganteus (Flexibacler), 38 
giganteus (Streptococcus), 340 
giganteus laclis (Micrococcus), 232 
giganteus urethrae (Streptococcus), 340 
gigas (Achromatium), 998,999 
gigas (Bacillus), 657, 745, 778,825 


gigas (Clostridium), 778 

gigas (Meiallacter), 745 

gigas (Micrococcus), 262 

gigas (Spirobacillus), 218 

gigas (Streptobacteria), 745 

gigas-pericardii (Streptobacteria), 745 

gilva (Cellulomonas), 620 

gihms (Bacillus), 620 

gilvus (Micrococcus), 262, 277 

gingivae (Bacillus f), 657 

gingivae (Micrococcus), 262 

, gingivae (iS/rep/ococcus), 340 
gingivae pyogenes (Bacillus), 678 
gingivae pyogenes (Bacterium), 657, 678 
gingivae pyogenes (Micrococcus), 262 
gingivalis (Micrococcus), 304 
gingivalis (Molitor), 1243 
gingivitidis (Bacillus), 678 
gingivilidis (Bacterium), 678 
ginglymus (Bacillus), 745 
gingreardi (Micrococcus), 262 
ginlottensis (Bacillus), 537 
gintottensis (Caslellanus), 537 
ginlottensis (Lankoidcs), 537 
gintottensis (Shigella), 637 
giumai (Bacillus), 544 
giumai (Bacterium), 544 
giumai (Salmonella), 544 
giumai (Shigella), 544 
giumai (Wesenbergus), 544 
give (Salmonella), 522 
glacialis (Bacillus), 612 
glaciformis (Bacillus), 745 
gladioli (Bacterium), 130 
gladioli (Phytomonas), 130 
gladioli (Pseudomonas), 130 
glanders bacillus, 555 
glandulae (Corynebacterium), 403,404 
glandulosus (Micrococcus), 262 
glasser (Bacillus), 609 
glauca (Nocardia), 980 
glaucescens (Bacterium), 760 
glaucus (Actinomyces), 980 
glaucus (Bacillus), 657 
glaucus (Bacterium), 657 
gliscrogenum (Bacterium), 678 
gliscTogenus (Bacillus), 678 
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glis-grac 


glis glis (Bartonella) ,1108 
glis glis (Haemobartonella), 1108 
globerula (Nocardia), 903 
globerulum (Mycobacterium), 903 
globerulus (Proaciinomyces) f 903 
globijer (Bacillus) ^ 745 
globiforme (Achromobacier), 408 
globiforme (Bacterium), 407, 408 
globigii (Bacillus), 710, 711 
globosa (Micromonospora), 979 
globosum (Propionibacterium), 379 
globosus (Bacillus), 657 
globoaus (Micrococcus), 262 
globulosa (Cytophaga), 1040 
globulosus (Bacillus), 657 
Gloeotila, 831 

glomerala (Gallionella), 832 
glomerata (Sideromyces), 986 
glossinoe (Borrelia), 1062 
glossinae (Entomospira), 1062 
glossinae (Spirillum), 1062 
fflosstnae (Spirockaela), 1062 
glossinae (Spironema), 1062 
glossinae (Spiroschaudinnia), 1062 
glossinae (Treponema), 1062 
glostrup (<Sa/mone//o), 514 
gluconicum (Acetobacter), 189 
gluconicum (Bacterium), 189, 682 
Gluconoacetobacter, 180 
Gluconobacter, 180 
glutinis (Bacillus), 745 
glutinosa (Microspira), 637 
glulinosa (RisUlla), 577 
glulinoaum (Bacterium), 760 
glutinosum (Pkotobacterium), 637 
glutinosus (Bacillus), 577 
glutinostis (Bacteroides), 577 
glycerinaceus (Streptococcus), 325 
Olycinea (PhytoTnonas), 131 
glycinea (Pseudomonas), 131, 135 
glycinea var, japonica (Phytomonas), 132 
glycinea var. japonica (Pseudomonas), 
131 

glycines (Bacterium), 161 
glycines (Phytomonas), 161 
olycines (Peeudomoncu), 161 
ylydneum (Bacterium), 131 


glycineum var. japonicum (Bacterium), 
132 

glycinophilus (Bacillus), 745 
glycinophilus (Diplococcus), 694 
glycologenes (Citrobacter), 449 
gobii (Chromatium), 866 
goensis (Actinomyces), 975 
goensis (Nocardia), 
goeltingen (Salmonella), 520 
gonadiformis (Actinomyces), 579 
gonatodes (Bacillus), 745 
gondi (Spirockaela), 1064 
gondii (Spirillum), 1064 
gonidiaformans (Bacillus), 579 
gonidiaformans (Bacteroides), 579 
gonidiaformans (Spherophorus), 579 
goniosporus (Bacillus), 716 
gonnermanni (Bacillus), 657 
gonnerinanni (Bacterium), 678 
Gonococcus, 295, 296 
gonococcus (Micrococcus), 296 
gonorrhoeas (Diplococcus), 296 
gonorrhoeas (Merismopedia), 296 
gonorrhoeas (Micrococcus), 296 
gonorrhoea© (Neisseria), 296, 1296 
goodsirii (Merismopedia), 286 
gorini (Mammococcus), 695 
gortynae (Bacillus), 657 
gossypii (Ruga), 1218 
gossypina (Bacillus), 745 
gougeroli (Actinomyces), 934, 947 
gougeroti (Streptomyces), 947 
gracile (Bacterium), 362, 727 
gracile (Chromatium), 868 
gracile (Microsporon), 919 
gracile (Rhabdochromatium), 854 
gracile (Rhodospirillum), 867 
gracile (Treponema), 1070 
gracilescens (Bacillus), 657 
gradlescens (Bacterium), 679 
gracilior (Bacillus), 658 
gracilipes (Chondromyces), 1035 
gracilipes (Podangium), 1036 
gracilis (Actinomyces), W 
gracilis (Bacillus), 657, 727 
gracilis (Lactobacillus), 362 
gracilis (Monas), 864 
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gracilis (Pseudomonas), 147 
gracilis (Rhabdomonas), 864 
gracilis (Spirochaeta), 1070, 1076 
gracilis (Streptobacillus), 581 
gracilis (Streptococcus), 326 
gracilis aerobiens (Bacillus), 65$ 
gracilis anaerohiescens (Bacillus), 658 
gracilis cadaveris (Bacillus), 658, 685 
gracilis cadaveris (Bacterium), 658 
gracilis elhylicus (Bacillus), 367, 814 
gracilis putidus (Bacillus), 575 
gracillimum (Bacterium), 679 
Graciloides, 10 
Graham sp., 1110 
Grahamella, 37, 1100, 1109 
Grahamella sp., 1109, 1110 
Grahamia, 1109 
graminarium (Nocardia), 970 
graminarium (Streptothrix), 970 
graminea (Spirochaeta), 1053 
graminea marina (Spirochaeta), 1053 
graminearum (Actinomyces), 970 
graminearum (Streptothrix), 934 
graminis (Actinomxjces), 970, 971 
graminis (Marmor), 1192 
graminis (Mycobacterium), 888, 890 
grandis (Bacillus), 658 
grandis (Fusi/ormis), 694 
grandis (Gaffkya), 284 
grandis (Saprospira), 1064 
granii (Achromobacter), 199 
granii (Bacterium), 199 
granii (Vibrio), 199 
granula (Amoebobactor), 860 
granularis (Bacillus), 745 
granulata (Pseudomonas), 147 
granulalum (Bacterium), 679, 718 
granulaium (Thiospirillum), 212 
granulatus (Bacillus), 658, 814 
granulatus (Micrococcus), 256, 263, 277 
granulatus (Streptococcus), 340 
granuliformans (Bacterium), 595 
granuliformans (Dialister), 696 
Granulobacillus, 763 
Granulobacillus sp., 822 
Granulobacter, 763 


granulobacler pectinovorum (Bacillus), 
780 

granulomatis (Calymmatobacterium), 459 
granulomatis (Donovania), 669 
granulomatis (Klebsiella), 459 
granulomatis maligni (Corynebacterium), 
403 

granulosa (Spironema), 1059 
granulosa (Spiroschaudinnia), 1059 
gramdosa penetrans (Spirochaeta), 1059 
granulosis (Bacterium), 593 
granulosis (Noguchia), 693 
granulosum (Bacterium), 362,679, 693,745 
granulosum (Corynebacterium), 388, 404 
granulosum (Plocamobacterium), 693 
granulosus (Bacillus), 658, 745, 814 
granulosus (Micrococcus), 623 
graphitosis (Bacillus), 757 
grassi (Treponema), 1070 
t?rtwsn (Entomospira), 1070 
grassii (Spirochaeta), 1069 
grave (Lactobacterium), 363 
graveolens (Bacillus), 42, 658, 714 
graveolens (Bacterium), 658 
graveolens (Pseudomonas), 179 
gravntzii (Bacillus), 401, 658 
grawitzii (Bacterium), 401, 658 
grigoroffi (Micrococcus), 247 
grippo-typhosa (Leptospira), 1078 
griseoflavus (Actinomxjces), 948, 975 
griseoflavus (Streptomyces), 948 
griseolus (Actinomyces), 938 
griseolus (Streptomyces), 938 
griseum (Bacterium), 263 
griseus (Actinomyces), 948, 977 
griseus (Bacillus), 658, 695 
griseus (Micrococcus), 263, 695 
griseus (Staphylococcus), 282 
griseus (Streptomyces), 948 
griseus radiatus (Staphylococcus), 282 
groningensis (Nitrosomonas), 76 
grossa (Microspira), 204 
grossus (Bacillus), 745 
grossus (MicrococciLs), 263 
grossus (Vibrio), 204 
grotenfeldtii (Bacterium), 447 
grotenfeltii (Streptococcus), 324 


1442 



INDEX OF NAMES OF GENERA AND SPECIES 
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gruberi {Aclin07nyces), 970 
gruberi (Bacillus), 771 
gruberi (Nocardia), 970 
gruberi (Oospora), 970 
grueberi (Streptothrix), 970 
gruenthali (Bacillus), 451 
gruenthali (Bacterium), 451 
gruenthali (Escherichia), 451 
grumpensis (Salmonella), 527 
gryllotalpae (Bacillus), 745 
gryllotalpae (Bacterium), 679 
guano (Bacillus), 745 
guegueni (Actinomyces), 922 
guegueni (Discomyces), 922 
guegueni (Nocardia), 922 
guignardi (Actinomyces), 970 
guignardi (Oospora), 934, 970 
guillebeau a, b, and c (Bacillus), 457 
guilliermondii (Oscillospira), 1004 
gulosus (Bacteroides), 673, 579 
gulosus (Sphaerophorus), 573, 579 
gummis (Bacillus), 145, 466 
gummis (Bacterium), 145 
gummisudans (Bacterium), 167 
gummisudans (Phytomonas), 167 
gummisudans (Pseudomonas), 167 
gummisudans (Xanthomonas), 167 
gummosum (Bacterium), 679, 745 
gummosus (Bacillus), 679, 745 
gummosus (Micrococcus), 262, 263 , 348, 
678 

gUnthen (Bacillus), 326 
gUntheri (Bacterium), 323 
gUntheri (Streptococcus), 324 
guila cerei (Pneumococcus), 697 
guttatum (Ackromobacter), 424 
guttatus (Bacillus), 424 
gutlatus (Bacterium), 424 
gutturis (Serratia), 484, 485 
gypsoides (Actinomyces), 897 
gypsoides (Discomyces), 
gypsoides (Oospora), 897 
gypaophilae (Agrobacteriuip), 229 
gypsophilae (BacUrium), 230 
gypsophilae (Phytomonas), 230 
gypsophilae (Pseudomonas), 230 

Oyromorpha, 1111 


habanensis (Staphylococcus), 282 
hachaizae (Spirillum), 217 
hachaizae (Spirochaeta), 217 
hachaizae (Treponema), 217 
hachaizicum (Spirillum), 217 
haeckeli (Pedioplana), 250 
haematodes (Micrococcus), 263 
haematoides (Bacillus), 658 
haematoides (Bacterium), 658 
kaematosaprus (Micrococcus), 272 
Haemobartonella, 1102, 1107, 1108 
Haemobartonella spp., 1108 
haemoglobinophila sporulens (Leptothrix), 

366 

haemoglobinophilus (Bacterium), 587 
haemoglobinophilus (Hemophilus), 585, 

687 

haemoglobinuriae (Leptospira), 1078 
haemoglobinuriae (Spirochaeta), 1078 
haemolysans (Clostridium), 820 
Haemophilus, 17, 26, 37, 684, 1289, 1290 
haemophilus (SpirochcKia), 1067 
haemophosphoreum (Bruccllaf), 634 
haemorrhagicum (Bacterium), 552 
ho^morrhagicus (Bacillus), 552 
haemorrhagicus (Micrococcus), 263 
haemorrhagicus (Staphylococcus), 263 
haemorrhagi'us nephrilidis (Bacillus), 

553 

haemorrhagicus nephrilidis (Bacterium), 

553 

haemorrhagicus septicus (Bacillus), 552 
haemorrhagicus septicus (Bacterium), 553 
haemorrhagicus velenosus (Bacillus), 553 
haemorrhagicus velenosus (Bacterium), 

553 

haemolosaprus (Streptococcus), 340 
kajeki (Bacillus), 658 
halans (Bacillus), 679 
halans (Bacterium), 679 
halensis (Micrococcus), 263 
halestorgus (Pseudomonas), 147 
halitus (Streptococcus),3i0 
halmephilum (Flavobacterium), 441 
Halobacterium, 442 
halobicus (Bacillus), 658 
halobicus desulfuricans (Vibrio), 204 
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halobium (Bacterium), 422 
halobium (Ftavobacterium) (Halohacter- 
ium), 442 

halobius ruber (Bacillus), 422 
halohydrium (Flavobacterium), 431 
halohydrocarbonaclasticus (Desulfovi- 
hrio), 2^9 

halonitrijicans (Vibrio), 702 
halophilica (Bacterium), 110 
kalophilica (Spirochaeta), 110 
halophilum (Ackromobacter), 424 
halopkilum (Flavobacterium), 441 
halophilns (Bacillus), 658 
halophilus (Bacterium), 658 
halophilus (Micrococcus), 203 
halophilus (Pediococcus), 250 
haloplanktis (Vibrio), 703 
haloseplica (Ristella), 575 
halosepiicum (Bacterium), 575 
halosmophila (Ristella), 576 
halosmophilus (Bacieroides), 576 
halotrichis (Actinomyces), 970 
halstedii (Actinomyces), 953 
halstedii (-Streptomyces), 963 
hamaguchae (Sarcina), 292 
hansenianum (Bacterium), 181 
harai (Bacillus), 745 
harrisonii (Bacillus), 694 
harrisonii (Flavobacterium), 434, 694 
harlford (Salmonella), 511 
harllebii (Achromobacter), 424 
harllebii (Bacillus), 424 
harllebii (Bacterium), 424 
hartmanni (Spirochaeta), 1074 
harlmanni (Spironema), 1074 
hartmanni (Treponema), 1074 
hartungi (Modderula), 999 
harveyi (Achromobacter), 110 
harveyi (Pseudomonas), 110 
hastiforme (Clostridium), 736 
hastilis (Bacillus), 583 
hastilis (Mycobacterium), 583 
haumani (Bacillus), 814 
haumanni (Bacillus), 814 
haumanni (Clostridium), 814 
hauseri (Diplococcus), 263 
hauseri (Micrococcus), 203 


havana (Salmonella), 527 
havaniensis (Bacilhc), 658 
havaniensis (Bacillus) (Micrococcus?), 
918 

havaniensis (Bacterium), 918 
havaniensis (Serratia), 918 
havaniensis (Streptococcus), 340 
havaniensis liquefaciens (Bacillus), 658 
havaniensis liquefaciens (Bacterium), 658 
Haverhillia, 38, 588, 972 
hayducki (Bacillus), 359, 693 
hayducki (Plocamobacterium), 693 
hayduckii (Lactobacillus), 359 
heali (Bacterium), 604 
healii (Achromobacter), 604 
healii (Escherichia), 604 
hebdomadis (Leptospira), 1077, 1078, 
1079 

hebdomadis (Spirochaeta), 1077 
hebdomadis (Spiroschaudinnia), 1077 
hebdomadis (Treponema), 1077 
hebelisiccus (Bacterium), 679 
hederae (Bacterium), 166 
hederae (Phylomonas), 166 
hederae (Xanthomonas), 166 
hegneri (Grahamella), 1110 
hegneri (Grahamia), 1110 
heidelberg (jSa(mone//a), 504 
heimi (Actinomyces), 936, 970 
helcogenes (Microspira), 204 
helcogenes (Vibrio), 204 
helgolandica (Cristispira), 1056 
helianthi (Bacterium), 141 
helianthi (Phylomonas), 141 
helianthi (Pseudomonas), 141 
helianthi var. luberosi (Phylomonas), 141 
Helicobacterium), 690 
helicoides (Bacillus), 690 
Heliconema, 1057, 1069 
helminthoides (Bacillus), 368 
helminlhoides (Calenabacterium), 368 
helveticum (Plocamobacterium), 695 
heheticum (Thermobacterium), 352 
helveticus (Lactobacillus), 362, 695 
helvolum (Bacterium), 395 
helvolum (Corynebacterium), 393, 396, 
407 
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helvolum (Flavobacleri im)t 3)5 
helvolua {Bacillus), 395, 657, 65S 
{Micrococcus), 263 
helvolus granulatus {Bacillus), 658 
Hemallosis, 13 

heminecrobiophilus {Bacillus), 658 
hemoglobinophilus canis {Bacillus), 587 
hemoglobinopkilus coryzae gallinarum 
{Bacillus), 589 

kemolysans {Plectridium), 820 
hemolysans {Streptococcus), 315 
hemolytica (Pasieurella), 649 
hemolyticum (Clostridium), 777 
hemolyticum {Coryneharterium), 694 
hemolyticum var. sordetli {Clostridium), 
777 

hemolylicus {Bacillus), 777 
hemolyticus (Hemophilus), 585, 586 
hemolylicus {Streptococcus), 315 
hemolyticus I, II and III {Streptococcus), 
340 

haemolyticus II {Streptococcus), 337 
hemolyticus bovis {Clostridium), 777 
Hemophilus, 17. 21, 22, 32, 37, 684 
hemophoaphoreum (Bacterium), 634 
hemothermophilus {Streptococcus), 327 
hennebergi {Pediococcus), 250 
henricensis {Proteus), 490 
Penrillus, 11,763 

hepaticus fortuittis {Bacillus), 659 
hepaticus fortuitus {Bacterium), 659 
hepatis {Bacterium), 409 
hepatodystrophicans {Bacillus), 404 
hepatodystrophicans {Corynebacterium), 
388,404 

hepalolytica {Listerella), 408 
herbarum {Streptococcus), 313, 340 
herbicola {Bacillus), 173, 679 
herlHcola {Bacterium), 173 
herbicola aureum {Bacterium), 173 
herbicola a aureum {Bacterium), 679 
fi^bicola rubrum {Bacterium), 679 
herbicola 0 rubrum {Bacterium), 679 
hermesi {Bacillus), 635 
hermsi {Borrelia), 1063 
hermai {Spirochaeta), 1063 
h^etii {Neurocyslis), 1235 


herrejoni {Treponema), 1073 
Jlerrellea , 595 
herrmanni {Bacillus), 659 
hesmogenes {Bacillus), 729 
hesmogenes {Vrobacillus), 729 
hessii {Bacillus), 746 
hessii {Bacterium), 746 
heterocea {Phytomonas), 167 
heterocea (Xanthomonas), 167 
heteroceum {Bacterium), 167 
Heterocystia, 12, 13 
heves {Salmonella), 528 
kexacarbovorum {Bacterium), 679 
heydenreichii {Micrococcus), 254 
hibernicum {Aerobacter), 456 
hihemicum {Chromohacterium), 234 
hibisci {Bacterium), 120 
kibisci (Phytomonas), 120 
hibisci {Pseudomonas), 120 
hibiscus {Micrococcus), 263 
hibiscus liguefaciens (Listerella), 409 
Hiblerillus, 11, 763 
hidium (Bacterium), 679 
kilgardii (Azotobacter), 219 
hilgardii (Lactobacillus), 363 
HiUkousia, 24. 25, 996, 997 
hilli (Fusijormis), 583 
killi (Treponema), 1075 
himonoi {Micrococcus),8^b 
hippanici (Bacterium), ^88 
hippopotami (7'reponema), 1076 
hirschfeldii {Bacterium), 507 
hirechfeldii (Salmonella), 490, 607 
hirsutum (Pkotobacterium), 637 
hirtum (Bacterium), 714 
hirtum (Pseudomonas), 714 
hirtus (Bacillus), 714 
hirudinicolicum (Bacterium), 679 
hirudinis (Bacillus), 740 
hirundinis (Rickettsia), 1096 
hispanica (Spirochaeta), 1067 
hispanicum (Borrelia), 1067 
hispanicum (Treponema), 1067 
hispanicum var. marocanum (Spiro- 
chaela), 1067 

hispanicum var. marocanum (Trepo¬ 
nema), 1067 
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histolyticum (Clostridium), 811 
histolyticus (Bacillus), 811 
histolyticus (Weinbergillus), 811 
histotropicus (Musculomyces), 1293 
hoagii (Bacillus), 387 
hoagii (Corynebacterium), 387 
hodgkini (Bacillus), 404 
hodgkini (Fusiformis), 404, 583 
hodgkinii (Corynebacterium), 404 
hoffmanii (Bacillus), 385, 659 
hoffmanii (Corynebacterium), 385 
hoffmanni (Actino?nyces), 971, 976 
hoffmanni (Cladolhrix), 971, 976 
hofmanni (Micromijces), 971, 976 
hoffmanni (Nocardia), 976 
hoffmanni (Oospora), 971, 976 
hofmanni (Streptothrix), 971, 976 
hold (Bacterium), 120 
hold (Phylomonas), 120 
hold (Pseudomonas), 120 
holcicola (Bacterium), 157 
holcicola (Phytomonas), 157 
holcicola (Pseudomonas), 157 
holcicola (Xanthomonas), 167 
hollandiae (Photobacter), 636 
hollandicum (Photobacter), 636 
hollandicum parvum (Photobacter), 636 
hollandicus (Bacillus), 746 
hollandicus (Streptococcus), 325 
holmesi (Actinomyces), 971 
holmesi (Discomyces), 971 
holobutyric^lS (Badllus), 771, 824 
holodisci (Nanus), 1207 
Holospora, 1122 
holsatiensis (Salmonella), 531^ 
hominis (Actimomyces), 916, 971 
hominis (Coryneihrix), 406 
hominis (Discomyces), 916 
hominis (Leuconostoc), 308 
hominis (Lislerella), 409 
hominis (Molitor), 1241 
hominis (Nocardia), 916, 920 
hominis (Oospora), 920, 922 
hominis (Proteus), 691 
hominis (Streptothrix), 896, 920, 923, 
976 

hominis I (Streptothrix), 920 


hominis II (Streptothrix), 921 
hominis III (Streptothrix), 922 
hominis IV (Streptothrix), 922 
hominis (Strongyloplasma), 1241 
hominis capsulalus (Bacterium), 691 
hominis capsulatus (Proteus), 691, 816 
hoploslernus (Badllus), 717, 746, 759 
hormaechei (Salmonella), 529 
hornensis (Streptococcus), 348 
horton (Actinomyces), 962 
hortonensis (Streptomyces), 962 
hoshigaki (Acetobacter), 183, 184 
hoshigaki (Bacterium), 184 
hoshigaki var. glucuronicum (Bacterium), 
184, 679 

hoshigaki var. glucuronicum I (Bacter¬ 
ium), 494 

hoshigaki var. rosea (Bacterium), 183, 
184 

Hostis, 1239 
hudsonii (BactWus), 659 
hudsonii (Bacterium), 659 
hueppei (Bacillus), 740 
hueppei (Clostridium), 740 
hueppi (Bacillus), 820 
hueppi (Clostridium), 820 
humicola (Pseudomonas), 698 
humidus (Micrococctis), 263 
humijica (Streptothrix), 977 
humilis (Badllus), 659 
humosus (Bacillus), 771 
humuli (Chlorogenus), 1161 
hutchinsonii (Cytophaga), 1012, 1013, 
1016, 1019 

hvittingfoss (Salmonella), 528 
hyadnthi (Baoillus), 152, 470 
hyadnthi (Bacterium), 152 
hyadnthi (Phytomonas), 152 
hyadnthi (Pseudomonas), 152 
hyacinthi (Xanthomonas), 162, 178 
hyadnthi septica (Erunnia), 470 
hyadnthi septicus (Badllus), 470 
hyadnthi septicus (BfKterium), 470. 
hyalina (Chlamydothrix), 986 
hyalina (Lampropedia), 844 
hyalina (Leptothrix), 986 
hyalina (Macromonas), 1001 
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hyalina (Merismopedia), 844 
hyalina (Pseudomonas) ^ 997, 1001 
hyalina (Sarcina)^ 844 
hyalina (Streptothrix) ^ 986 
hyalinum (AchromohacieT) ^ 424 
hyalinum (Clostridium) ^ 820 
hyalinum (Gonium)^ 844 
hyalinum (Mycoh<Kterium)j 890 
hyalinus (Bacillus) ^ 424 
hyalinus (Bacterium) j 424 
hyalinus (Micrococcus), 844 
hyalinus (Pediococcus), 844 
Hyalococcus, 305 
hydrocharis (Bacillus ), 659 
Hydrocoleus, 993 

hydrogenicus (Otnelianskillus), 809 
hydrogenii (Bacillus), 809 
Hydrogenomonas, 20, 76 
hydrophila (Aeromonas), 102 
hydrophila (Pseudomonas), 102 
hydrophilum (Bacterium), 102 
hydrophilus (Bacillus), 102 
hydrophilus (Proteus), 102 
hydrophilus fuscus (Bacillus), 102 
hydrophilus fiiscus (Bacterium), 102 
hydrophobia (A''cwroryc(es), 1264 
hydrophoborum (Streptococcus), 340 
hydrosulfurea (Pseudomonas), 147 
hydrosulfureum ponticum (Bacterium), 
207 

hydrosuljureus (Bacillus), 659 
hydroihermicus (Micrococcus), 264 
Hygrocrocis, 1003 

hygroscopicus (Actinomyces), 953 
hygroscopicus (Streptomyces), 963 
hymenophagus (Micrococcus), 264 
hyochi (Lactobacillus), 363 
hyochi var. 1 (Lactobacillus), 363 
hyochi var, 2 (Lactobacillus), 363 
hyopyogenes (Bacterium), 388 
hyos (Borreiia), 1063 
f^yos (Spirochaeta), 1063 
hyos (Spironema), 1063 
fiyos (Vibrio), 204 
hyoBcyami (Marmor), 1171 
^3T>©rtrophicaii8 (Corynebacterium), 398 
^VportrophicaM (Phytomonas), 398 


hypertrophicons (Pseudomonas), 398 
hypertrophicus (Caryococcus), 1121 
hyphalus (Vibrio), 703 
Hyphomicrobium, 35, 837 
Hypnococcus, 312 
hypothermis (Pseudomonas), 69S 

ianthina (Pseudomonas), 232 
ianthinurn (Bacteridium), 232 
ianthinum (Bacterium), 231, 232 
ianthinurn (Chromobactcrium), 232, 234 
ichthyismi (Bacillus), 814 
ichthyodermis (Achronobacter), 108 
ichthyodermis (Pseudomonas), 108 
ichthyosmia (Escherichia), 103 
ichthyosmia (Pseudomonas), 103 
ichthyosmius (Bacillus), 103 
ichthyosmus (Proteus), 103 
iclerogenes (Bacillus), 659 
icterogenes (Bacterium), 659 
iclerogenes (Leptospira), 1077 
icterogenes (Spirochaete), 1076 
icterogenes (Treponema), 1076 
icterogenes marina (Spirochaeta), 1053 
ictero-haemorragiae (Treponema), 1076 
icterohaemorrhagiae (I^eptospira), 90, 

1076, 1077, 1078, 1079 

icterohaemorrhagiae (Spirochaeta), 1076 
icterohaemorrhagiae (Spiroschaudinnia), 

1076 

ictero-haemorrhagica (Spirochaeta), 1076 
icterohcmoglobinuriae (Leptospira), 1078 
icterohemoglobinuriae (Spirochaeta), 1078 
icterohemoglobinuriae (7'reponema), 1078 
icteroides (Bacillus), 531 
icteroides (Bacterium), 631 
icteroides (Leptospira), 1079 
icteroides (Salmonella), 53\ 
icteroides (Spirochaeta), 1079 
icteroides (Treponema), 1079 
ictero-uraemia canis (Spirochaeta), 1079 
idonea (Cellulomonas), 613 
idoneum (Bacterium), 613 
idosus (Bacillus), 710 
ignarvus (Streptococcus), 323 
ikiensis (Coccobacillus), 636 
iliacus (Bacillus), 451 
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iliacus (Escherichia), 451 
iliacus (Proteus), 451 
ilidzense (Bacleriuin), 760 
ilidzense capsulalus (Bacillus), 760 
illini (Miyagawanella), 1119 
illinois (Salmonella), 525 
imeiroja (Zaogalaclina), 479 
imetrophus (Bacillus), 480 
imetrophus (Protococcus), 479 
imminutus (Bacillus), 746 
immobile (Bacterium), 98 
immobilis (Acuformis), 813 
immobilis (Bacillus), 746 
immobilis (Granulobacter), 790 
immobilis (Palmula), 813 
immobilis-liquefaciens (Butyribacillus), 
790 

immotum (Bacterium), 606 
imomarinus (Bacillus), 746 
imperatoris (Micrococcus), 264 
imperiale (Bacterium), 608 
implectans (Bacterium), 760 
implexum (Bacterium), 718 
implexus (Bacillus), 718 
inaequale (Treponema), 1062 
inaequalis (Bacteroides), 668, 579 
inaequalis (Spherophorus), 568, 579 
inaequalis (Spirochaeta), 1062 • 
incana (Sarcina), 292 
incanae (Phylomonas), 158 
incanae (Xanthomonas), 168 
incanescens (Actinomyces), 971 
incannum (Bacterium), 659 
incanus (Bacillus), 659 
incanus (Bacterium), 659 
incarnata (SarcirCa), 292 
incarnatus (Rhodococcus), 292 
incertum (Bacterium), 607 
incertum (Plectridium), 794 
incognita (Pseudomonas), 96, 147, 698 
incognitus (Erro), 1260 
incommunis (Bacteroides), 670, 575 
imO'nmunis (Rislella), 570, 575 
inconspicuus (Micrococcus), 264 
inconstans (7’c/racA/orts), 870 
indica (Nocardia), 909, 960 
indica (Oospora), 909 


indica (Serratia), 481, 701 
indicens (Phagus), 1137 
indicum (Azotobacter), 221 
indicum (Bacterium), 701 
indicum (Chromobacterium), 481 
indicum (Leuconosloc), 346 
indicum (Photobacter), 700 
indicum (Pkotobacterium), 111, 634, 636 
indicum var. obscurum (Photobacter), 
700 

indicum var. parvum (Photobacter), 700 
indicus (Actinomyces), 909 
indicus (Bacillus), 481, 700 
indicus (Discomyces), 909 
indicus (Enjthrobacillus), 481 
indicus (Micrococcus), 481 
indicus (Vibrio), 699 
indicus obscurus (Bacillus), 700 
indicus parvus (Bacillus), 700 
indicus ruber (Bacillus), 481, 701 
indicus semiobscurus (Bacillus), 700 
Indiella, 906 
Indiellopsis, 966 
indifferens (Bacillus), 746 
indigojerus (Bacillus), 697, 698 
indigojerus (Bacterium), 698 
indigojerus (Pseudomonas), 698 
indigojerus var. immobilis (Pseudo¬ 
monas), 698 

indigogenus (Bacillus), 659 
indigogenus (Bacterium), 659 
indigonaceum (Bacterium), 697, 698 
indigonaceus (Bacillus), 697 
indivisum (Polyangium), 1031 
indolicus (Bacillus), 814 
indolicus (Injtabilis), 814 
indolicus (Micrococcus), 247, 264 
Indolococcus, 235 
indologenes (Aerobacter), 457 
indoloxidans (Pseudomonas), 698 
indomitus (Phagus), 1138 
industrium (Acetobacter), 186 
industrium (Bacterium), 186 
industrium var. hoshigaki (Bacterium), 

184, 694 

induslrius (Bacillus), 186 
incptus (Phagus), 1138 
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iner-inte 


iners (Marmor), 1190 
iners (Vibrio), 204 
inertia (Pseudomonas), 698 
inexorabilis (Formido), 1263 
infantilis (Bacillus), 746 
infantilism (Bacillus), 814 
inf antis (Salmonella), 512 
infantum (Bacterium), 490 
infantum (Proteus), 490 
infecundum (Bacterium), 679 
infmus (Micrococcus), 695 
Injlabilis, 33, 34, 763 
inflans (Rabula), 1264 
inflatum (Clostridium), 814 
injlatus (Bacillus), 814 
injluentiae (Streptococcus), 340 
infiuenzae (Ba illus), 585 
influenzae (Bacterium), 585 
iaQuenzae (Hemophilus), 686 , 586, 589, 
1296 

influenzae (Micrococcus), 264 
influenzae (Streptococcus), 340 
influenzaeformis (Bacillus), 580 
influenzaeformis (Spherophorus), 580 
influenzae murium (Bacterium), 589 
influenzae murium (Hemophilus), 589 
influenzae putoriorum muUiforme (Bac- 
terium), 589 

influenzae suis (Bacterium), 586 
influenzae suis (Hemophilus), 586 
influenzoides apis (Bacillus), 693 
infrequens (Bacillus), 451 
infrequens (Streptococcus), ZiO 
infusionum (Palmello), 687 
ingrica (Thioploca), 994 
inguinalis (Bncapaulatus), 459 
innesi (Bacillus), 659 
innocuua (Rabula), 1286 
innominata (Leptothrix), 366 
innominata (Pseudoleptothriz), 366 
ihnominatum (Clostridium), 792 
innominatus (Actinomyces), 971 
innutrila (Palmula), 793 
tnnii(n/u« (Acuformis), 793 
innulntus (Bacillus), 793, 826 
inocuum (Bacterium), 679 
tnodorus (Bacillus), 659 


inseclicola Eberlhella), 534 
insecticolens (Proteus), 490 
insectiphilium (Bacterium), 604 
insectorum (Bacillus), 264 
inseclorum (Coccobacillus), 690 
insectorum (Leptothrix), 366 
insectorum (Micrococcus), 264 
inseclorum (Staphylococcus), 282 
insectorum (Streptococcus), 264 
inseclorum var. malacosomae (Cocco’ 
bacillus), 690 

itisidiosa (Phytomonas), 392 
insidiosum (Aplanobacter), 392 
insidiosum (Bacterium), 392 
insidiosum (Corynebacterium), 392 
insidiosum var. saprophyticum (Cory7i€- 
bacteriufn), 393 
insidiosus (Bacillus), 411 
insolita (Azotomonas), 221 
insolita (Ristella), 568, 576 
insolitus (Bactcroides), 668, 576 
insuiosum (Bacterium), 760 
insulum (Bacteriutn), 760 
intacium (Bacterium), 760 
intermedia (Microspira), 204 
intermedia (Oospora), 971 
intermedia (Sarcina), 292 
intermedia (Spirochaeta), 1075 
intermedium (Bacterium), 360 
intermedium (Citrobacter), 449 
intermedium (Clostridium), 771, 824 
intermedium (Escherichia), 449. 460 
intermedium (Lactobacillus), 360 
intermedium (Paracolobactrum), 460, 

490, 491 

intermedium (Treponema), 1075 
intermedins (Actinomyces), 971 
intermedins (Bacillus), 709 
intermedins (Micrococcus), 264 
interiredius (Phagus). 1140 
intermedius (Streptococcus), 331 
intermedins (\ibrio), 204 
inlermiltens (Bacillus), 746 
inierproximalis (Actinomyces), 971 
inierproximalis (Streptothrix), 971 
interrogans (Leptospira), 1079 
inUrrogans (Spirochaeta)» 1079 
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interrogans {Treponema) ^ 1079 
interrogationis (Cristispira), 1056 
iniertriginis (Micrococcus), 264 
iniestinale (Bacteriophagum), 1128 
intesiinale (Thermobacterium), 352 
intestinale (Treponema), 1067 
intestinale suis (Bacterium), 508 
intestinalis (Arthromitus), 1003 
intestinalis (Bacillus), 654 
intestinalis (Bifidibacterium), 369 
intestinalis (Cladothrix), 983 
intestinalis (Hygrocrocis), 1003 
intestinalis (Sarcina), 292 
intestinalis (Spirochaeta), 1067 
intestinalis tuberculiformis (Bacillus), 
369 

intestinus motilis (Bacillus), 659 
intestinus motilis (Bacterium), 659 
intracellularis (Diplococcus), 296, 297, 
301 

intracellularis (Meningococcus), 297 
intracellularis (Micrococcus), 297 
intracellularis (Neisseria), 297 
intracellularis (Streptococcus), 296, 297 
intracellularis (Tetracoccus), 296, 301 
intracellularis meningitidis (Diplokok- 
kus), 296 

intracellularis meningitidis (Micro- 
coccus), 297 

intracellularis-meningitidis (Neisseria), 
297 

intrapallans (Bacillus), 746 
intricata (Cladothrix), 718 
intricatus (Bacillus), 718 
inlrinsectum (Bacterium), 769 
intybi (Bacterium), 125 
intybi (Pkytomonas), 125 
intybi (Pseudonomas), 126, 134 
inulinaceus (Streptococcus), 321 
inulofugus (Bacillus), 772, 824 
inunctum (Achromobacter), 425 
inunctus (Bacillus), 425 
inunctus (Bacterium), 425 
inutilis (Bacillus), 659 
invadens (Caryococcus), 1120 
invemess (Salmonella), 530 


inverto-acelobutylicum (Clostridium), 781, 
825 

invisibile (Flavobacterium), 434 
invisibilis (Bacillus), 434 
invisibilis (Bacterium), 434 
involulus (Bacillus), 612 
involutus (Diplococcus), 308 
involulus (Streptococctis), 308 
invulnerabilis (Actinomyces), 971 
invulnerabilis (Cladothrix), 934, 971 
invulnerabilis (Nocardia), 971 
invulnerabilis (Streptothrix), 971 
iodinum (Chromobacterium), 694 
iodinum (Pseudomonas), 694 
lodococcus, 695 
iodophilum (Clostridium), 772 
iogenum (Bacillus), 679 
iogenum (Bacterium), 251, 679 
iophagum (Achromobacter), 418 
iophagum (Bacterium), 418 
ipomeae (Flavimacula), 1202 
ipomoea (Actinomyces), 958 
ipomoea (Streptomyccs), 968 
iridescens (Pseudomonas), 174 
iridicola (Bacterium), 140 
iridicola (Phytomonas), 140 
iridicola (Pseudomonas), 140 
iridis (Bacterium), 147 
iridis (Marmor), 1183 
iridis (Phytomonas), 147 
iridis (Pseudomonas), 147 
iris (Bacterium), 698, 760 
iris (Micrococcus), 264 
iris (Pseudomonas), 147, 698 
irregularis (Bacillus), 814 
irregularis (Clostridium), 814 
irregularis (Micrococcus), 264 
Israeli (Actinobacterium), 926 
israeli (Actinomyces), 365, 926 
israeli (Brevislreptothrix), 926 
israeli (Cohnistreptothrix), 926 
israeli (Corynebacterium), 926 
israeli (Discomyces), 926 
israeli (Nocardia), 926 
israeli (Oospora), 926 
israeli (Proactinomyces), 926 
israeli (Streptothrix), 926 
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israeli var. spitzi {Aclinobacterium), 925 
italiana (Salmonella), 522 
italica (Pseudomonas), 147 
italicum No. 1 and No. 2 (Bacterium), 
760 

italicum (Marmor), 1202 
liersonia, 1044 
itersonii (Spirillum), 214 
itoana (Phytomonas), 169 
iloana (Pseudornonas), 169 
itoanum (Bacterium), 169 
iugis (Bacillus), 618 
iugis (Cellulomonas), 618 
ivanoff (Vibrio), 204 
iuio-jima (Salmonella), 531 
ixiae (Bacillus), 478 
ixiae (Erwinia), 478 

jaegeri (Pseudomonas), 89, 698 
jaggeri (Bacterium), 122 
jaggeri (Phytomonas), 122 
joggeri (Pseudomonas), 122 
jakschii (Bacillus), 691 
jakschii (UrobacHlus), 691 
janlhina (Pseudomonas), 232 
janthinus (Bacillus), 232 
Japonica (Actinomyces), 916 
japonica (Pseudomonas), 226 
japonica (Spirockaeta), 215 
japonica (Slreptotkrix),QlQ 
japonicum (Bacterium), 226 
japonicum (Propionibacieriutn), 379 
japonicum (Rhizobacterium), 226 
japonicum (Rhizobium), 62, 224, 226 
japonicum (Treponema), 215 
japonicus (Bacillus), 536 
japonicus (Discomyces), 916 
japonicus (Erro), 1250 
javanense (Photobacterium), 147 
javanensis (Myxococcus), 1041 
javanensis (Nitroaocystis), 72 
javanensis (Nitrosomonas), 62, 72 
javanensis (Pseudomonas), 72 
javanica (Pseudomonas), 147, 699 
javanicum (Phoiobacterium), 147 
javaniensis (Bacillus), 147 
javaniensis (Bacterium), 147, 699 


javiana (Salmonella), 520, 522 

jejjersonii (Bacterium), 520 

jeffersonii (Eherthdla), 520 

jeffersonii (Shigella), 520 

jejunales (Bacillus), 451 

jejuni (Vibrio), 204 

jenense (Rhodothiospirillum), 851 

jenense (Spirillum), S5\ 

jenense (Tliiospirillum), 851, 852 

jenense forma maxima (Tliiospirillum), 

851 

jenensis (Ophidiomonas), 851 
jensenii (Propionibacterium), 376, 377 
jensenii var. raffinosaceum (Propioni- 

hacterium), 377 
Jodoccus, 695 
jogenum (Bacterium), 679 
joknei (^scococciis), 253 
jollyi (Actinomyces), 920 
jollyi (Discomyces), 920 
jollyi (jVocardm), 920 
jollyi (Oospora), 920 
jonesii (Spirockaeta), 1067 
jonesii (Spironema), 1067 
jongii (Micrococcus), 264 
josephi (Bacillus), 592 
josephi (Moraxella), 592 
joyeuxii (Grahamella), 1110 
jubatus (Bacillus), 746 
juglandis (Bacillus), 158 

juglandis (Bacterium), Ih'i 

juglandis (Phytomonas), 158 
juglandis (Pseudomonas), 158 
juglandis (Xanthomonas), 168, 160 
jugurt (Lactobacillus), 364 
jugurt (Thermohacterium), 364 

kaapslad (Salmonella), 505 
kairo (Rickettsia), 1096 
kaleidoscopicus (Bacillus), 746 
kandiensis (Bacillus), 534 
kandiensis (Bacterium), 534 
kandiensis (Eberthella), 534 
kandiensis (Eberthus), 534 
kaposvar (Salmonella), 505 
kappa (Bacillus), 659 
kauffmannii (Salmonella), 493 
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kaukasicus {Bacillus)^ 351 

kaustophilus (Bacillus), 730 

kedrowskii (Bacillus), 814 

kefersteinii (Micrococcus), 256 

kefir (Bacillus), 746 

kefir (Streptococcus), 338, 347 

kegallensis (Vibrio), 204 

kentucky (Salmonella), 526 

keratolytica (Actinomyces), 916 

keratolyticus (Proactinomyces), 916 

keratomalaciae (Bacterium), 679 

kermesinus (Bacillus), 746 

khartoumensis (Bacillus), 452 

khartournensis (Enleroides), 452 

khartoumensis (Escherichia), 452 

kielense (Chromobacterium), 482 

kildini (Bacillus), 746 

kilensis (Serratia), 482, 483 

kiliense (Bacterium), 482 

kiliensis, (Bacillus), 4S2, 484 

kiliensis (Erythrobacillus), 482 

kimberi (Actinomyces), 964 

kimberi (Streptomyccs), 964 

kirchneri (*S^rep^ococcus), 340 

kirkee (Salmonella), 529 

Klebsiella, 10, 18, 31, 37, 443, 467, 458 

klebsii (Bacillus), 659 

klebsii (Helicobaclerium), 690 

kleckii (Bacillus), 659 

kleinii (Bacillus), 659, 660, 788 

kleinii (Clostridium), 788 

klirnenko (Vibrio), 205 

kluyverii (Clostridium), 794, 820 

knipowitchi (Bacterium), 680 

Kochella, 13 

kochi (Spirochaeta), 1060 
kochi (Treponema), 1060 
kochii (Bacillus), 877 
kochii (Borrelia), 1080 
kochii (Pediococcus), 250 
kochii (Schlerothriz), 877 
kochii (Spirillum), 1054 
kochii (Spirocluieie), 1054 
kochii (Spironema), 1060 
kochii (Streptococcus), 340 
holkwilzii (Spirillum), 217 
ifcaZn (Salmonella), 603 


komii (Bacillus), 660 

kottbus (Salmonella), 513 

koubassoffi (Bacillus), 746 

krainskii (Actinomyces), 938 

krainskii (Nocardia), 946 

kralii (Bacillus), 680 

kralii (Bacterium), 680 

krameri (Bacillus), 477 

krameriani (Bacterium), 145 

krausei (Actinomyces), 971 

krausei (Discomyces), 971 

krausei (Nocardia), 921, 971 

krausei (Streptothrix), 971 

krusecastellani (Castellanus), 540 

krzemieniewskae (Cytophaga), 1014 

krzemieniewski (Bacillus), 722 

kuehniana (Crenothrix), 987 

kuehniana (Hypheothrix), 987 

kuehniana (Leptothrix), 987 

kuetzingianum (Acetobacter), 180, 183 

kuelzingianum (Bacterium), 183 

kurlova (Ehrlichia), 1095 

kurlovi (Ehrlichia) (Rickettsia), 1095 

Kurthia, 21,26, 30, 31,008 

kulscheri (Bacterium), 390 

kutscberi (Corynebacterium), 389 

kulscheri (Spirillum), 216 

kwanzani (Rimocortius), 1209, 1210 

laburni (Marmor), 1187 
lacca (Bacillus), 746 
lacerans (Bacillus), 639 
lacerans (Carpophthora), 1162 
lacerans (Marmor), 1152 
lacerans (Phagus), 1139 
lacertae (Actinomyces), 971 
lacertae (Oospora), 971 
lacertae (Streptothrix), 971 
lachrymans (Bacillus), 116 
lachrymans (Bacterium), 116 
lachrymans (Phyiomonas), 116 
lachrymans (Pseudomonas), 118 
lacmus (Bacillus), 233 
lactanlium (Bacillus), 454 
lactea (Neisseria), 261 
lactea (Sarcina), 292 
lactericetis (Micrococcus), 264 
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lacteum {Bacterium), 738 
lacteus {Bacillus), 716, 755 
lacieus {Micrococcus), 264 
lacleus {Streptococcus), 340 
lacteus faviformis {Micrococcus), 261 
lactica {Pseudomonas), 147 
lactica {Serratia), 600 
lactici-acidi {Bacillus), 447 
lacticola {Bacillus), 43, 716 
laclicola {Bacterium), 716 
lacticola (Mycobacterium), 887, 888, 889, 
890 

lacticola perrugosum {Mycobacterium), 
890 

lacticola /5 perrugosum {Mycobacterium), 
890 

lacticola planum {Mycobacterium), 890 
lacticola a planum {Mycobacterium), 
890 

lacticola y friburgensis {Mycobacterium), 
890 

lacticum {Achromobacter), 425 
lacticum {Bacterium), 324 
lacticum {Corynebacterium), 370 
lacticum (Microbacterium), 353, 370, 
371 

lacticus {Bacillus), 324, 362, 447 
lacticus {Micrococcus), 336 
lacticus {Streptococcus), 324 
lactimorbus {Bacillus), 727 
lactiparcus {Bacillus), 810 
lactis {Acidobaclerium), 361 
lactis {Bacillus), 660, 716, 725 
lactis {Bacterium), 323, 454, 684 
lactis {Chlorobacterium), 693 
lactis (Flavobacterium), 434 
lactis (Lactobacillus), 361 
lactis {Lactococcus), 324 
lactis {Micrococcus), 264 
l<ictia II {Micrococcus), 264 
lactis {Sarcina), 292 
lactis (Streptococcus), 43, 323, 324, 
326, 340 362 

lactis B {Streptococcus), 325 
lactis {Thermobacierium), 351 
lactis No. I {Bacillus), 716, 725 
No. II {Bacillus), 741 


lactis No. Ill {Bacillus), 738 
lactis No. IV, {Bacillus), 744 
lactis No. V, {Bacillus), 716 
lactis No. VI {Bacillus), 743 
lactis No. VII {Bacillus), 747 
lactis No. VIII {Bacillus), 748 
lactis No. IX {Bacillus), 710 
lactis No. X {Bacillus), 709 
lactis No. XI {Bacillus), 743 
lactis No. XII {Bacillus), 755, 761 
lactis acidi {Bacillus), 324, 351 
lactis acidi {Bacterium), 323, 324 
lactis acidi {Lactobacillus), 351 
lactis acidi {Micrococcus), 264 
lactis acidi {Sarcina), 292 
lactis acidi {Staphylococcus), 282 
lactis aerogenes {Bacillus), 454 
lactis aerogenes {Bacterium), 454 
lactis aerogenes {Encapsulatus), 454 
lactis albidus {Micrococcus), 238 
lactis album {Bacterium), 416 
lactis albus {Bacillus), 716, 718, 746 
lactis albus {Micrococcus), 264 
lactis albus {Sarcina). 292 
lactis amari {Micrococcus), 265 

is arborescens {Micrococcus), 252 
s aromaticus {Streptococcus), 340 
['s aurantiaca {Sarcina), 292 
ctis aureus {Micrococcus), 253, 265 
ctis citreus {Micrococcus), 265 
ctis citronus {Micrococcus), 265 
ctis cloacae {Bacillus), 455 
ctis commune {Bacterium), 362 
ctis erythrogenes {Bacillus), 
ctis erythrogenes {Bacterium), 600 
ctis erythrogenes {Ckromobactenum), 

actis) erythrogenes {Erythrobacillus), 

ctis erythrogenes {Micrococcus), 600 
c(t« fiavus {Micrococcus), 265 
ctis Jluorescens {Micrococcus), 265 
ctis foetidum {ViscobacUrium), 691 
c/i8 giganUus {Micrococcus), 235 
ctis giga* {Micrococcus), 265 
ctis harrisonii {Bacillus), 434 
ctis innocuus {Streptococcus), 340 
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laciis inocuus {Bacillus) ^ 679 
laciis inocuus {Bacterium), 679 
laciis longi {Bacterium), 702 
laciis lutea {Sarcina), 292 
lactis marshalli {Bacterium), 415 
lactis minutissimus {Micrococcus), 265 
laciis niger {Bacillus), 711 
lactis peptonans {Bacillus), 751 
lactis pituitosi {Bacillus), 684 
lactis pituitosi {Bacterium), 684 
lactis pruchii {Bacillus), 788 
lactis rosaceus {Micrococcus), 265, 273 
lactis rubidus {Micrococcus), 274 
lactis Tugosus {Micrococcus), 265 
lactis saponacei {Bacillus), 145, 668 
lactis terrnophilus {Bacillus), 733, 756 
laciis varians {Micrococcus), 240, 241, 
205 

lactis var. anoxypkilus {Streptococcus), 

325 

lactis var. hollandicus {Streptococcus), 
325 

laciis var. maltigenes {Streptococcus), 
44, 325 

lactis var. tardus {Streptococcus), 325 
lactis viscosi {Coccus), 238 
lactis viscosi {Micrococcus), 238 
lactis viscosum {Bacterium), 414 
' lactis viscosus {Bacillus), 414 
laciis viscosus {Micrococcus), 238, 280 
lactis viscosus B {Micrococcus), 280 
Lactobacillus, 18, 21, 25, 31, 37, 38, 
42, 349, 350, 361, 367, 407, 675 
Laclobacter, 349 
Lactobacterium, 349 
lactobutyricum {Granulobacter), 822 
lactobutyricus {Amylobacter), 822 
lactobutyricus {Bacillus), 822 
Lactococcus, 312 
lactofoetidus {Bacillus), 660 
lactopropylbutylicum {Clostridium), 814 
lactopropylbuiyrictiS {Bacillus), 814 
lactopropylbutyricus non liquefaciens 
{Bacillus),SH 

lactorubefaciens (Bacillus), 644 
lactorubefaciens {Bacterium), 654 
lactorubefaciens {Serratia), 644 


Lactosarcina, 285 
Lactrimatoria, 5 
lactucae {Bacillus), 746 
lactucae {Bacterium), 168 
lactucae (Marmor), 1178 
lactucae {Phytomonas), 168 
lactucae (Xanthomonas), 168 
lactucae-scariolae {Phytomonas), 154 
lactucae-scariolae (Xanthomonas), 164 
lacunata (Moraxella), 690 
lacunatum {Flavobacterium), 441 
lacunatus {Bacillus), 441, 590 
lacunatus {Bacterium), 441 
lacunatus {Hemophilus), 590 
lacunatus var. atypica {Moraxella), 501 
lacunogenes (Pseudomonas), 177 
laerii {Bacterium), 680 
laesiofaciens (Marmor), 1168 
laesiofaciens var. minus {Marmor), 116H 
laevis (Baci7/ws), 575, 709 
laevis {Bacteroides), 575 
laevolacticum {Bacterium), 348, 6S0 
laevulosinertis {Micrococcus), 696 
lagerheimii {Leuconostoc), 348 
lagerheimii {Streptococcus), 348 
lagerheimii var. subterraneum {Strepto^ 
coccus), 341 

lagopodis {Spirochaela), 1067 
lagopodis {Spironema), 1067 
laidlawi {Sapromyces), 1294 
laminariae {Bacterium), 680 
laminariae {Billetia), 680 
laminariae {Kurthia), 680 
Lamprella, 13, 83 

Lamprocystis, 16, 23, 25, 847, 843, 849, 
850, 855 

Lampropedia, 23, 25, 844 
lanceolalus {Bacillus), 660 
lanceolatus {Diplococcus) , 307 
lanceolatus (Micrococcus), 307 
lanceolalus {Pneumococcus), 307 
lanceolatus (Streptococcus), 303, 330 
lanceolatus anaerobius {Coccus), 330 
lanceolatus capsulatus (Diplococcus), 307 
lanceolatus ovium (Diplococcus) (StreptO' 
coccus), 341 
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lanceolatus pasleuri {Streptococcus), 306, 
330 

lanceolatus sive capsulatus {Diplococcus), 
306 

lanceolatus var. mucosMS {Diplococcus), 
308 

lanceolatus var. mucosiis {Streptococcus), 
308 

lanfranchii {AcHnotnyces), 927 
lanfranckii {Nocardia), 927 
langkatense {Bacterium), 680 
Dankasleron, 847 
Lankoides, 10, 516 
lanuginosum (Synangium), 1033 
lanuginosus {Chondromyces), 1033 
lapillus {Streptococcus), 341 
lapsa {Phytomonas), 124 
lapsa (Pseudomonas), 124 
lardarius {Micrococcus), 265 
larguin {Bacterium), 680 
largus (Bacillus), 680 
lari (Treponema), 1075 
larvae (Achromobacter), 425 
larvae (Bacillus), 726 
larvae (JSnterobacillus), 425 
larvicida {Bacillus), 660 
laroicida (Bacterium), 
laseri (Bacillus), 612 
lasia (Pseudomonas), 147 
lasiocampa (Bacillus), 746 
lassari (Bacillus), 660 
lasserei (Actinomyces),920 
lasserei (Discomyces), 920 
lueserei (Nocardia), 920 
lasserei (Oospora), 920 
^asseuri (Flavobacterium), 178 
latapici (iSptroncma), 1064 
latapiei (Spirillum), 1064 
laiapiei (Spirockaeta), 1064 
latens (Rabula), 1288 
latens (Sphaerothrix), 986 
latericea (Serraiia), 641 
latericeum (Bacterium), 641, 683 
^tenceus (Bacillus), 641, 683 
lateroaporus (Bacillus), 724, 725 
latkridii (Actinomyces), 971 
Whridii (Streptotkrix), 934 , 971 


laihyri (Bacillus), 476 
lathyri (Erwinia), 476 
latum (Caryophanon), 1004 
latvianus (Bacillus), 746 
laureniia (Pseudomonas), 233 
lauterbornii (Pelodictyon), 871 
lautus (Bacillus), 746 
lavendulae (Actinomyces), 944, 977 
lavendulae (Streptomyces), 944 
laverani (Spirochaeta),2\b 
laverani (»Sipironewo), 215 
laverani (Treponema), 215 
laxae (Bacterium), 762 
leheni (Bacillus), 364 
lebenis (Bacterium), 364 
lebenis (Streptobacillus), 351, 364 
lebensis a and 0 (Streptobacillus), 364 
lebenis nonviscosus (Streptobacillus), 364 
lebenis viscosus (Streptobacillus), 364 
lectularia (Rickettsia), 10!)6 
legeri (Fusiformis), 694 
legeri (Microspironema), 1073 
legeri (Treponema), 1073 
Legio, 1267 
legrosii (Bacillus), 746 
legurniniperdum (Bacterium), 747 
leguminiperdus (Bacillus), 747 
leguminosarum (Marmor), 1179 
leguminosarum (Phijtomyxa), 224 
leguminosarum (Rhizobium), 224, 22o 
226,1130. 1138 

leguminosarum (Schinzia), 224 
lekmanni (Bacillus), 747 
leichmanni (Bacterium), 324 
leichmanni I (Bacillus), 357 
leichmanni II (Bacillus), 356 
leichmanni III (Bacillus), 357 
leichmannii (Lactobacillus). 357 
leidensis (Vi6rio), 205 
leishmani (Actinomyces), 899 
leishmani (Discomyces), 899 
leishmanii (Nocardia), 899 
lekitosis (Bacillus), 747 
leloirii (Staphylococcus), 282 
lemani (Slreptothrix) , 977 
lembkei (Bacterium), 633 
lembkei (Micrococcus), 265 
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lembkei (Sarcina), 292 
lembkii {Pseudomonas), 148 
lemonnieri {Bacillus), 178 
lemonnieri (Pseudomonas), 178 
lenis {Alcaligenes), 416 
lentijormis {Bacillus), 660 
lentimorbus (Bacillus),727 
lentoputrescens (Clostridium), 793, 800 
826 

lentulum (Bacterium), 637 
lentum {Eubacieriurn),ZQS 
lentus (Bacillus), 713 
lentus {Bacteroides), 368 
lenlus {Micrococcus), 265 
lentus (Phagus), 1143 
lentus {Streptococcus), 335, 341 
leonardii (V^ibrio), 200 
lepierrei {Bacterium), CSO 
lepiseptica {PasleurcUa), 547 
lepiseplicum {Bacterium), ^7 
lepisepticus {Bacillus), 547 
leporis {Aerobacler),^bQ 
leporis {Bacillus), 451 
leporis {Eberthella), 451 
leporis {Escherichia), 451 
leporis lethalis {Bacillus), 451 
leporis lethalis {Bacterium), 451 
leporisepticum {Bacterium), 547 
leprae {Bacillus), 881 
leprae {Coccolhrix), 882 
leprae {Discomyces), 882 
leprae (Mycobacterium), 875, 881, 882, 
887 

leprae (Sclerotkrix), 882 
leprae hominus {Mycobaclerium), 882 
leprae murium {Bacillus), 882 
lepraemurium (Mycobacterium), 875,882 
lepromatis (Actinomyces), 
lepta (Saprospira), 1054 
lepiinotarsae (Bacillus), 660 
leptodennis (Bacillus), 712 
leptomitiformis (Beggiatoa), 992, 993 
leplomitiformis (Oscillatoria), 992 
Leptospira, 19, 20, 26, 28, 593, 594,1076 
leplosporus (Bacillus), 710 
Leplotrichia, 14, 19, 21, 22, 27, 34, 35, 
38, 364, 365, 983 


Leptothrix, 17, 18, 19, 23, 26, 364, 365, 
983 , 986 

Leptothrix I, 367 
Leptothrix II, 367 
Leptothrix III, 365 
lesagei (Bacillus), 660, 747 
lespedezae (Phytomonas), 159 
lespedezae (Xanthomonas), 169 
lesioquardi (Rickettsia), 1120 
lethale (Marmor), 1155, 1168 
lethalis (Bacillus), 680 
lethalis (Bacterium), 680 
lethalis (Proteus), CSO 
Lethum, 1223 

leubei (Urobacillus), 688, 729 

leucaemias (Bacillus), 680 

leucaemias (Bacterium), 680 

leucaemias canis (Bacillus), 680 

leucaemias canis (Bacterium), 680 

leucea (Sireptothrix), 934, 977 

leucea saprophylica (Streplolhrix), 976 

leucogloeum (Bacterium), 637 

leucomelaenufn (Spirillum), 217, 218 

Leuconostoc, 14, 20, 24, 31, 34, 346, 362 

leucotermitis (Spirochaeta), 1067 

Leucolhrix, 695 

levaditii (Treponema), 1070 

Icvaniformans (Bacillus), 747 

levans (Aerobacter),Ao5, 664 

levans (Bacillus), 455 

levans (Bacterium) , 455 

levans (Cloaca), 455 

levis (Rabula), 1235 

levislici (Bacterium), 140 

levistici (Phytomonas), 140 

levistici (Pseudomonas), 140 

levyi (Actinomyces), 916 

lewisi (Pacinia), 701 

lewisii (Bacterium), 5SA 

lewisii (Eberthella), 534 

lexington (Salmonella), 524 

libaviense (Bacterium), 341 

libaviensis (Streptococcus), 341 

liber (Phagus), 1142 

liborii (Clostridium), 
liceagi (Salmonella), 531 
lichenicolum (Podangium), 1036 
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licheniforme {Clostridium), 747 
licheniformis {Bacillus), 747 
Hcheniformis {Micrococcus), 265 
lichenis-plani {Ristella), 576 
lickenocolus {Chondnjomyces), 1035 
lichenoides {Bacillus), 747, 814 
lichnoides {Pneumococcus), 697 
Ldeskeella, 986 

lieskei {Actinomyces), 050, 974 
lieskei (Streptomyces), 960,974 
Hgnicola (Pseudomonas), 142 
Hgnieresi (Actinobacillus), 666, 926 
lignieresi {Discomyces), 557 
Hgnieresi {Nocardia), 557 
lignieresi {Pasteurella), 557 
lignieri {Bacillus), 556, 677 
lignithum {Micrococcus), 265 
lignivorans {Bacillus), 747 
lignorum {Bacillus), 747 
liguire {Actinomyces), 975 
liguire {Nocardia), 975 
ligusiri {Bacterium), 128 
Hgustri (Marmor), 1187 
Hgustri (Pseudomonas), 128 
lilacinus {Bacillus), 233 
lilii (Adelonosus), 1211 
lilii {Bacillus), 477 
Hlii (Erwinia), 477 
limae {Cristispira), 1056 
limae {Spirochaeta), 1056 
limhatum {Bacterium), 680 
limbatum acidi lactici {Bacterium), 680 
liynbatus {Bacillus), 660 
lind)alus acidi lactici {Bacillus), 681 
limbaius buiyri {Bacillus), 660 
limicola {Bacillus), 660 
Hmicola (Chlorobium), 870,872 
limitans {Bacillus), 580 
limnelicum {Sideroderma), 835 
limnophilus {Bacillus), 747 
limonilicus {Siderococcus), 835 
limophilus {Bacillus), 710 
limosum {Eubaclerium), 368 
limosus {Bacillus), 715, 716,815 
limoaus {Bacteroides), 368, 370, 380 
tindenborni {Bacillus), 491 
Hndneri (Acelobacler), 185 


lindneri {Bacillus), 360 
Hndneri {Lactobacillus), 360 
lindneri (Pseudomonas), 106 
lineare {Siderobacter), 835 
linearis {Chroostipes), 873 
linearius {TkermobacUlus), 734 
lineatus {Bacillus), 660 
linens (Bacterium), 601, 612 
lineola {Bacillus), 597, 681 
lineola {Bacterium), 597, 681 
lineola {Treponema), 1071 
lineola (K76rio), 597,1071 
lineopictum (Marmor), 1197 
lingardi {Bacillus), 747 
linguae {Spirillum), 205, 920 
linguale'{Spirosoma), 205, 920 
lingualis {Actinomyces), 920^ 
lingualis {Discomyces), 920, 922 
lingualis (Nocardia), 205, 920, 922 
lingualis {Oospora), 922 
lingualis {Streptothrix), 920 
lingualis (Vibrio), 205, 920 
lini {Bacterium), 6S1, 818 
linkoi {Bacterium), 681 
linognathi (Rickettsia), 1098 

linsbaueri (Chromatium), 867 
Hnsbaueri (Rhabdochromattum), 8^ 
linsbaueri (Rhabdomonas), 866. 850 
liodermos (Bacillus), 709 


parts (Bacillus), 660 
pan's (Diplococcus), 336 
pidis (Achromobacter), 416 
pidis (Bacterium), 416 
pmanu' (Actinomyces), 952 

pmanii(Streptomyces),^2 

poferum (Chromatium), 

aoferum (Spirillum), 203 216 
.olyticum (Achromobacter), 609 
polyticum (Bacterium), 391 
polylicum (Bactridium), 60J 
polyticum (Kurthia), 693 
jjoluticus (Alcaligenes), 6Ji 
polyticus (Bacterium), 500, m 

polyticus 

quota (Cellulomonas), 396, 614 
quatum (Bacterium). 396 614 
r-imfRciens (Achromobacter), 418 
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liquejaciens {Actinomyces), 975, 976 
liquefaciens {Aerobacter), 455, 692 
liquefaciens {Amylobacter), 823 
liquefaciens (Bacillus), 148, 388, 404, 418, 
457, 660, 661 

liquefaciens (Bacieriurn), 457 
liquefaciens (Bacteroides), 575 
liquefaciens (Cladotkrix), 934, 975, 976 
liquefaciens (Coccobacillus), 575 
liquefaciens (Corynebacterium), 371, 388, 
404 

liquefaciens (Diplobacil'us), 591 
liquefaciens (Discomyces), 976 
liquefaciens (Gluconoaceiobacter), 694 
liquefaciens (Gluconobacier), 694 
liquefaciens (Microbaclcrium), 371 
liquefaciens (Micrococcus), 238, 240, 266, 
274 

liquefaciens (Microspira), 198 
liquefaciens (Moraxella), 691 
liquefaciens (Nocardia), 923, 975 
liquefaciens (Oospora), 976 
liquefaciens (Pseudomonas), 148 
liquefaciens (Sarcina),28S, 292 t 
liquefaciens (Streptococcus), 240, 326, 
327, 702 

liquefaciens (Streptothrix), 976 
liquefaciens (Tetracoccus), 240 
liquefaciens (Vibrio), 198 
liquefaciens acidi I and II (A/icrococcus), 
266 

liquefaciens albus (Bacillus), 661 
liquefaciens albus (Micrococcus), 274 
liquefaciens auranliacus (Siaphylococ’ 
cus), 282 

liquefaciens bovis (Pneumobacillus), 675 
liquefaciens communis (Bacillus), 661, 
681,699 

liquefaciens communis (Bacterium), 661, 
681 

liquefaciens conjunctivae (Micrococcus), 
257 

liquefaciens Jlueggei (Micrococcus), 266 
liquefaciens laciis amari (Bacillus), 648 
liquefaciens magnus (Bacillus), 787, 825 
liquefaciens parvus (Bacillus), 822 
liquefaciens pyogenes (Bacillus), 388 


liquefaciens pyogenes bovis (Bacillus), 388 

liquefaciens sepiicus (Urobacillus), 491 

liquida (Pseudomonas), 425, 699 

Liquidobacterium, 8, 486 

Liquidococcus, 8, 235 

Liquidomonas, 8, 83 

Liquidovibrio, 8, 192 

liquidum (Ackromobacler), 425, 699 

liquidum (Bacterium), 425 

liquidus (Bacillus), ^2b, 699 

liquidus (Micrococcus), 266 

liquidus communis (Bacillus), 661 

liskey (Actinomyces), 974 

liskeyi (Asieroides), 97 

lissabonensis (Vibrio), 205 

Listerella, 29, 408 

listeri (Actinomyces), 961 

lisieri (Bacillus), 356 

listeri (Lactobacillus), 356 

listeri (Lactobacterium), 356 

listeri (Pseudomonas), 148 

listeri (Streptomyces), 981 

Listeria, 408 

litchfield (Salmonella), 514 
litorale (Achromobacter), 425 
litorale var. 2 (Achromobacter), 425 
litOTolis (Bacillus), 425 
liloralis (Bacterium), 425 
litoralis (Erythroconis), 289 
litoralis (Merismopedia), 289 
litoralis (Micrococcus), 288 
litoralis (Pediococcus), 289 
litoralis (Pseudomonas), 425 
litoralis gadidarum (Micrococcus), 289 
litoreum (Bacterium), 681 
liioreus (Bacillus), 681 
litorosus (Bacillus), 661 
littoralis (Erythroconis), 843 
littoralis (Lampropedia), 289 
littoralis (Merismopedia), 6^3 

littoralis (Sarcina), 288, 289 
Uvida (Sarcina), 292 
livido-lutescens (Sarcina), 2B\,2Q2 
lividum (Chromobacterium), 234 
lividus (Bacillus), 234, 747 
lividus (Bacterium), 234 
lobcUus (Bacillus), 733 
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lohalu9 {Micrococcus) t2QQ 
lohaius {Tkiobacillus), 81 
loculosum {Bacterium), 681 
Loeffierella, 37, 554 
loe^eri {Pacinia), 383 
loefleri {Planocbccus), 281 
loehnisii {Bacillus), 728 
loeknisii {Bacterium), 477 
loehnisii {Phytomonas), 477 
Boehnisium, 14 

loewenbergii (Micrococcus), 266 
loewenbergii {Sarcina), 292 
loganobacci (Nanus), 1208 
loidensis {Actinomyces)^971 
loligo {Coccobacillus), 636 
loma linda {Salmonella), 522 
londinensis {Actinomyces), 921 
londinensis {Discomyces), 921 
londinensis {Nocardia),m 
london {Salmonella), 522 
londonensis {Salmonella), 522 
longa {Pseudomonas), 148, 699 
^giarticulata {Thiothrix), 990 
longior {Bacillus), 747 
longissima {Chlamydothrix), 1002 
longiasima (Pontothrix), 1002 
longissimus {Streptococcus), 315 
longum {Bacterium), 760 
^ngum {Betabacterium), 360 
^ngum {Bhodospirillum), 867 
tongue {Bacillus), 747, 815 
^ngus {Lactobacillus), 354, 360 
^0us {Streptobacillus), 352 
longus {Streptococcus), 315 
^gus hemolylicus ((Sircp^ococcus), 315 
^ngus palhogenes seu erysipelalos 

{Streptococcus), 315 
lopholea (Leptothrix), 986 
^phomonadis {Fusiformis), 694 
iosanitchi {Bacillus), 732 
M {Rhizobium), 225 
l^iiii {Catenabacterium), 368 
louisianae (Miyagawanolla), 1118 
^«ati {Spirochaela), 1067 
^nthali {Spirochaela), 1067 
wxtocwfo {Bacillus), 661 
loxosporus {BaeiUus), 718, 748 


loxosus {Bacillus), 716 

lubinskii {Bacillus), 815 

lucae {Streptococcus), 341 

lucens {Bacterium), 635 

lucens {Micrococcus), 635 

luceli {Bacterium), 681 

luciana {Salmonella), 526 

lucidus {Bacillus), 661 

luciliarum {Neisseria), 301 

luciliae {Clostridium), 779 

lucrosa {Cellulomonas), 614 

lucrosum (Bacterium), 614 

ludwigi {Bacterium), 6S1 

luis (Trypanosoma), 1071 

luminosa {Microspira), 635 

luminosum {Achromobacter), 634 

luminosum {Photobacter), 635 

luminosum {Pkolobacterium), 634, 635, 


636 

iminosus {Bacillus), 6^5 

iminosus {Bacterium), 635 

iminosus {Vibrio), 635 

imnilzeri {BacUrium), 739 

inavensis {Bacillus), 544 

mavensis {Bacterium), 544 

inavensis {Shigella), 544 

inula {Bacterium), 760 

tpi (Bacillus), 661 

(pint {Bacillus), 661 

ipini {Phytomyxa), 226 

ipini (Rliizobium), 224 , 226 

iridus {Micrococcus), 266 

isligii (Bacillus), 661, 668, 804 

istigii (Clostridium), 804 

istigii (Endosporus), 804 

itea (Cytophaga), 1013 

itea (Neisseria), 281, 696 

itca (Nocardia), 909 
. . 0A3 287. 290. 291, 292, 


293,294 

luteo-albus {Bacillus), 661 
luteola (Aphanothece), 871 
luteola (Nocardia), 924 
luUola (Oospora), 924 
luteola {Sardna), 292 
luteola (Schmidlea), 871, 874 
luteola (Streptothrix), 924 
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luleolum (Bacterium), 681 
luteolus (Actinomyces), 924 
luteolus (Discomyces), 924 
luteolus (Micrococcus), 266 
luieo-roseus (Actinomyces), 971 
lutescens (Bacterium), 436, 681 
lutescens (Flavobacterium), 436 
lutescens (Sarcina), 292 
lutetiensis (Bacillus), 233, 661 
luteum (Ascobacterium), 647 
luteum (Bacterium), 
luteum (Barteridium), 237 
luteum (Mxjcobacterium), 890 
luteum (Polyangium), 1027 
luteus (Actinomyces), 
luteus (Bacillus), 661, 690, 748 
luteus (Diplococcus), 281, 694, 696 
luteus (Micrococcus), 43, 237 , 251, 256, 
257, 259, 260, 261, 262, 263, 264, 265, 
266, 267, 268, 269, 270, 271, 272, 273, 
275, 276, 277, 278, 280 

luteus (Mycococcus), 
luteus (Planococcus), 281, 694 
luteus (Streptococcus), 341 
luteus liquefaciens (Bacillus), 490 
luleus-liquefaciens var. larvae (Micro¬ 
coccus), 266 

luteus pallescens (Bacillus), 664 
luteus putidus (Bacillus), 647 
luteus sporogenes (Bacillus), 748 
luteus var. larvae (Micrococcus), 266 
lulosus (Micrococcus), 266 
luirae (Spirochaeta), 1067 
luirae (Spironetna), 1067 
lutrae (Spiroschaudinnia), 1067 
lululentus (Bacillus), 716 
lutzae (Bacillus), 274, 301, 748 
Iwoffi. (Moraxella), 592 
lycopersici (Bacterium), 477 
lycopersici (Lactobacillus), 358 
lycopersici var. viiiati (Bacterium), 640 
lycopersicum (Phytobacter), 145 
lydiae (Bacterium), 760 
lymantriae (Bacillus), 661 
lymaniriae (Bacillus) (Bacterium), 661 
lymantriae (Coccobacillus), 661 
lymantriae (Diplococcus), 336 


lymantriae a (Bacillus), 661 
lymantriae /3 (Bacillus), 661 
lymanlricola adiposus (Bacillus), 661 
lymantricola adiposus (Bacterium), 661 
lymphae vaccinalis (Corynebacterium) 

401, 404 

lymphaticum (Treponema), 1068 
lymphaticus (Spirochaeta), 1067 
lymphogranulomatis (Miyagawanella), 

1116,1117, 1118, 1119 
lymphogranulomatosis (Ehrlichia), 1116 
lymphophilum (Corynebacterium), 388, 

404 

lymphophilus (Bacillus), 404 
lysodeikticus (Micrococcus), 266 
lyssae (Cocco-bacterium), 266 
lyssae (Glugea), 1264 
lyssae (Micrococcus), 266 
lyticus (Bacillus), 815 

maasei (Microspira), 202 
maasei (Spirillum), 202 
macaci (Spirochaeta), 1068 
macaci (Spironema), 1068 
macaci (Spiroschaudinnia), 1068 
maccullochianum (Bacterium), 117 
macerans (Aerobacillus), 721 
macerans (Bacillus), 720, 721, 722 723 
macerans (Zymobacillus), 721 
macfadyeanii (Bacterium), 531 
macfadyeanii (Salmonella), 531 
Macintoshillus, 11, 763 
Macrocystita, 14 

macrodentium (Spirochaeta), 1075 
macrodentium (Treponema), 1070, 1075 
macrodipodidarum (Actinomyces), 921 
macrodipodidarum (Nocardia), 921 
Macromonas, 997,1000 
macrophysa (Thiophysa), 998, 999 
macTOselmis (Pseudomonas), 146, 148,6S9 
macrospora (Palmuia), 798 
macrosporus (Acu/ormis), 798 
macrosporus (Bacillus), 815 
macrosporus (Chondrococcus), 1046 
macrosporus (Myxococcus), 1046 
mactrae (Cristispira), 1056 
macirae (Spirochaeta), 1056 
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maculans (Phagus), 1139 
maculata (Nocardia), 913 
niaculaium {Corynebacterium), 404 
inaculatus (Actinomyces), 913 
maculahis (Bacillus), 404, 748 
maculatus (Proactinomyces), 913 
maculicola (Aplanobacter), 639 
maculicola (Bacillus), 639 
maciiJicola (Bacterium), 6Zd 
maculicola (Phytomonas), 117 
maculicola (Pseudomonas), 117 
maculicola var. japonicum (Bacterium), 
117 

maculicolum (Bacterium), 117 
maculifolium - gardeniae (Phytomonas), 
696 

madampensis (Bacillus), 542 
madampensis (Lankoides), 542 
madampensis (Shigella), 540, 642 
maddoxi (Bacillus), 729 
maddoxi (Bacterium), 729 
madelia (Salmonella), 528 
madidus (Bacillus), m 
madidus (Micrococcus), 266 
madoxii (Urobacillus), 729 
madurae (Actinomyces), 908, 909 
madurae (Cladothrix), 908 
madurae (Discomyces), 908 
madurae (Nocardia), 908, 909, 960 
madurae (Oospora), 908 
madurae (Streptothrix), 908, 915, 924 
ma^cH (Bacillus), 356 
^mggiorae (Pediococcus), 290 
maggiorai (Bacillus), 661, 803 
fnaggiorai (Clostridium), 803 
^ggiorai (Endosporus), 803 
magna (Comilia), 787 
magnivena (Aureogenus), 1166 
magnus (Bacillus), 748, 787 
magnus Piplococcus), 267, 305, 308 
m«ffnu8 (InflaHlis), 823 
moflnue (Jodococcus), 267,695 
moflnue (Aficrococcue), 267 
moffftue (Staphylococcus), 701 
moflnue (Streptococcus), 341 

anaerp6tue (Diplococcus), 308 
moffnue liquefaciens (Bacilltis), 787 


niagnusson-holih (Corynebacterium), 391 

maidis (Bacillus), 148, 748 

maidis (Fractilinea), 1169 

maidis (Marmor), 1159 

maidis (Phagus), 1136 

maidis (Pseudomonas), 148, 748 

maidis var. mitis (Fractilinea), 1160 

maidis var. sacchari (Fractilinea), 1159 

maidis var. typicum (Fractilinea), 1159 

nuijor (Bacillus), 661 

major (Beggiatoa), 992 

major (Gallionella), 832 

major (Leplothrix), 986 

major (Micrococcus), 267 

major (Phagus), 1133 

major (Siderocapsa), 833 

major (Siderothece), 835 

majus (Thiovulum), 1000 

fnakrono-Jiliformis (Bacillus), 815 

malabarensis (Bacillus), 714 

malae (Streptobacillus), 336 

malae (Streptococcus), ZZQ 

malakofaciens (Bacillus), 748 

malamoria (Vibrio), 205 

malaperti (Streptococcus), 341 

malarias (Bacillus), 661 

rnalenconi (Actinomyces), 939 

malenconii (Streptomyces), 939 

malenominatum (Clostridium), 786 

malenominatum (Paraplectrum), 786 

malenominatus (Bacillus), 786 

mali (Bacterium), 640 

mali (Marmor), 1194 

maligni (Novillus), 777 

malignus (Streptococcus), 341 

mallei (Aclinobacillus), 555 

mallei (Bacillus), 555 

Tnallei (Bacterium), 555 

mallei (Brucella), 555 

mallei (Cladascus), 555 

mallei (Corynebacterium), 555 

mallei (LoeJJUrella), 555 

mallei (Malleomyces), 666 

mallei (Mycobacterium), 555 

mallei (Pfeifferella), 555 

mallei (Sclerothrix), 555 

Malleomyces, 25, 27, 664 
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malolacticus (Micrococcus), 267 
malvacearum (Bacillus) ^ 159 
malvacearum (Bacterium), 159 
malvacearum (Phytomonas), 159 
malvacearum (Pseudomonas), 159 
malvacearum (Xanthomonas), 169, 1136 
malvacearum var. barbadense (Bac¬ 
terium), 178 

mammitidh (Bacillus), 662 
mammilis (Micrococcus), 267 
mammilis bovis (Streylococcus), 267, 341 
Mammococcu^, 327 
manchuriae (Rickettsia), 1085, 1086 
manfredii (Micrococcus), 267 
manfredii (Strejitococcxis), 267 
Tnanganicus (Bacillus), 662 
manganijera (Crenolhrix) ,9%1 
mangiferae (Bacillus), 474 
mangiferae (Erwinia), 474 
manhailan (Salmonella), 514 
manihoius (Bacillus), 170 
maniholus (Bacterium), 170 
manihotis (Phytomonas), 170 
manihotis (Xanthomonas), 170 
manniiocremoris (Strepiococc^is), 325 
mannitopoeum (Bacterium), 359 
mannitopoeus (Lactobacillus), 359 
mannilopoeus var. fermentus (Lactobacil¬ 
lus), 359 

mansfieldii (Bacterium), 760 
Mantegazzaea, 853 
marcescens (Bacillus), 480 
marcescens (Salmonella), 480 
marcescens (Serratia), 10, 479, 481, 482, 
483, 484, 485 

marchouxi (Spirochaeta), 1058 
marchouxi (Spironema), 1058 
marchouxi (Spiroschaudinnia), 1058 
marchouxi (Treponema), 1059 
margarineum (Bacterium), 681 
margarinetts (Bacillus), 662 
margaritaceus (Streptococcus), Ml 
margarittaceum (Bacterium), 457 
marginals (Anaplasma), 1100 
marginale (Bacterium), 125 
marginalis (Phytomonas), 125 
mar ginal is (Pseudomonas), 126 


marginans (Marmor), 1196 
marginala (Phytomonas), 118 
marginata (Pseudomonas), 118 
marginala (Sarcina), 292 
marginatum (Bacterium), 118 
iruirginatus (Actinomyces), 971 
marginatus (Micrococcus), 267 
marianensis (Bacillus), 589 
maricola (Bacillus), 662 
mariense (Bacillus), 416 
marina (Beggiatoa), 991, 992 
marina (Microspira), 205 
marina (Spirochaeta), 1062 
marina (Thiothrix), 990 
marinagilis (Vibrio), 703 
marinoflavus (Vibrio), 703 
marinofulvus (Vibrio), 703 
marinoglutinosa (Pseudomonas), 107 
marinoglutinosus (Achromobacter), 107 
marinolimosus (Actinomyces), 971 
marinopersica (Pseudomonas), 699 
marinopiscosus (Bacterium), 606 
marinopraesens (Vibrio), 703 
marinorubra (Serratia), 484 
marinotypicum (Flavobacterium), 431 
marinevirosum (Flavobacterium), 431 
marinovulgaris (Vibrio), 703 
marinum (Bacterium), 681 
marinum (Flavobacterium), 433 
marinum (Mycobacterium), 883,884,886, 
887 

marinum (Spirillum), 205 
marinxis (Micrococcus), 267 
marinus (Vibrio), 203, 205 
maripuniceus (Micrococcus), 696 
maris (Flavobacterium), 611 
maris-mortui (Chromobaclerium), 234 
maris-mortui (Flavob<icterium) (Hdlohac- 
terium), 442 

maritimum (Bacterium), 748 
man'fimus (Bacillus), 748 
markusjeldii (Bacterium), 760 
Marmor, 1163, 1202 
marmorans (Scelus), 1238 
marmotae (Spirochaeta), 1068 
marocanum (Spirochaeta), 1067 
marseille (Salmonella), 526 


1462 



INDEX OP NAMES OP GENERA AND SPECIES marS-Mega 


marshalli (Bacierium), 692 
marahallii (Alcaligenes), 416, 416 692 
marsiliemis (Bacterium), 662 
marsilliensis (Bacillus), 662 
MarUllillus, 11, 763 
mriinezii (Bacillus), 662 
martinezii (Bacterium), 662 
martyniae (Bacterium), 112 
martyniae (Phyiomonas), 112 
martyniae (Pseudomonas), 112 
maschekii (Pseudomonas), 148 
massauah (Microspira), 205 
massauah (Spinllum), 205 
massauah (Vibrio) 205 
masaowak (Spirillum) 205 
mastidis (Pasteurella) 553 
maatidia gangraenosae ovis (Micrococcus) 
267 

maaiitidis (Bacterium), 553 
mastiiidis (Micrococcus), 267, 284 
maatiiidis (Streptococcus), Z19 
mastitis (Micrococcus), 267 
mastitis albus (Staphylococcus), 280 
mastitis contagiosae (Streptococcus), 319 
mastitis sporadicae (Streptococcus), 319 
mastobius (Micrococcus), 267 
matazoonii (Bacillus), 441 
matherai (Streptococcus), 341 
mathiacolle (Thermobacterium), 364 
matrucholi (Actinomyces), 918 
matruchoti (Cladothrix), 918 
matrucholi (Nocardia), 918 
matruchoti (Oospora), 918 
matthiolae (Bacterium), 122 
matthiolae (Marmor), 1177 
matthiolae (Phytomonas), 122 
matthiolae (Pseudomonas), 122, 123 
matzoonii (Flavobacterium), 441 
maublancii (Bacterium), 140 
maublancii (Phytomonas), 140 
maublancii (Pseudomonas), 140 
maxtina (Beggiatoa), 992 
maxima (Butyrisarcina), 286 
"wwn'ma (Uptotrichia), 366 

(Rasmusaenia), 366 

marima (Saroina), 286 


maxima (Zymosarcina), 286 
maxima buccalis (Leptothrix), 366 
maximum (Phagus), 1134 
maximum buccalis (Bacillus), 365 
maximus (Bacillus), 366 
maximus (Streptococcus), ZAl 
maydis '(Bacillus), 681 
maydis (Bacterium), 681 
mayomonei (Bacillus), 815 
mazei (Methanococcus), 248 
mazun (Bacillus), 748 
mazun (Bacterium), 362 
rrudanense (Bacterium), 681 
medio (Beggiatoa), 992 
Tnedio (Spirochaeta), 1075 
media (Spironema), 1075 
media oris (Spirochaeta), 1075 
medicaginis (Bacillus), 118 
medicaginia (Bacterium), 118 
medicaginis (Chlorogenus), 1161 
medicaginis (Marmor), 1155,1181 
medicaginis (Phytomonas), 118 
medicaginis (Pseudomonas), 118 
medicaginis var. phaseolicola (Bac¬ 
terium), 118 

tnedicaginis var. phaseolicola (Pkyto- 
monas), 118 

tnedicaginis var. phaseolicola (Pseudo¬ 
monas), 118 

medicaginis var. solani (Marmor), 1181 
tnedicaginis var. typicum {3/armor), 1181 
mediosporus (Bacillus), 7AS 
medio-lumescens (Bacillus), 748 
medium (Clostridium), 820 
tnedium (Treponema), 1075 
medius (Chondromyces), 1038 
medius (Phagus), 1132 
medius (Staphylococcus), 701 
ttiegalosporus (Bacillus), 815 
inogalosporus (Chondrococcua), 1046 
ttiegalosporus (Uiberillus), 815 
ttiegalosporus (Injlabilis), 815 
Megalothrix, 984 
megaterium (Bacillus), 714 
megaierium bombycis (Bacillus), 739 
Megatherium, 20, 22 
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megatherium (Bacillus), 632, 714, 717, 
718, 738, 739, 744, 748, 750, 759, 1130, 
1138 

megatherium var. ravenelii (Bacillus), 748 
megawi (Rickettsia), 1090 
megawi v&t. fletckeri (Rickettsia), 1090 
megawi var. pijperi (Rickettsia), 1088 
Melanella, 5 

melaninogenica (Ristella), 574, 575 
melaninogenicum (Bacterium), 57^ 
melaninogenicus (Bacteroides), 674, 575 
melaninogenicus (Hemophilus), 574 
melanocycla (Nocardia), 956 
melanocyclus (Actinomyces),2^7, 966 
melanocyclus (Micrococcus), 2&7, 956 
melanocyclus (Streptomyces), 966 
melanogenes (Bacillus), 468, 469, 470 
melanogenes (Streptococcus), 341 
melanogenes canis (Spirochaeta), 1068 
melanogenum (Acetobacter), 183 
melanoglossophorus (Micrococcus) 267 
melanoroseus (Actinomyces), 972 
melanosporea (Nocardia), 955 
melanosporeus (Actinomyces), 955 
melanosporeus (Streptomyces), 966 
melanosporus (Bacillus), 748 
melanotica (Streptothrix), 977 
melanovogenes (Proteus), 490 
meldensis (Micrococcus), 267 
meleagridis (Bacillus), 662 
meleagridis (Lactobacillus), 407 
meleagridis (Salmonella), 502, 523 
melezitovorum (Aerobacter), 456 
melifiava (Sarcina), 292 
raeliloti (Rhizobium), 226 
melitense (Bacterium), 561 
melitensis (Alcaligenes), 561 
melitensis (Bacillus), 561 
melitensis (Brucella), 42, 660, 561, 562 
melitensis (Micrococcus), 260, 560 
melitensis var. abortus (Brucella), 561 
melitensis var. melitensis (Brucella), 561 
melitensis var. suis (Brucella), 562 
Melittangium, 1031, 1033 
mellea (Phytomonas), 130 
niellea (Pseudomonas), 127, 130 
melleum (Bacterium), 130 


melleus (Bacillus), 662 
melleus grandinis (Micrococcus), 267 
melloi (Bartonella), 1108 
melloi (Haemobartonella), 1108 
melochlora (Pseudomonas), 148, 699 
melochloros (Baccillus), 148 
melochlorus (Bacterium), 699 
Melococcus, 235, 312 
melolonthae (Bacillus), 662 
melolonthae (Diplobacillus), 336, 690 
melolonthae (Fusiformis), 694 
melolonthae liquefaciens (Bacterium), 681 
melolonthae liquefaciens a (Bacillus), 681 
melolonthae liquefaciens a, /3 and y 
(Bacillus), 662 

melolonthae liquefaciens a, /3 and y (Bac¬ 
terium), 662 

melolonthae non-liquefaciens a, 0 and 
y (Bacillus), 662 

melolonthae non-liquefaciens 5 (Bacillus), 
662 

melolonthae non-liquefaciens e (Bacillus), 
662 

melonis (Bacillus), 474, 748 
melonis (Erwinia), 474 
melonis (Pectobacterium), 474 
rnelophagi (Rickettsia), 1096, 1097 
melophagi (Spirochaeta), 1068 
melophthora (Phytomonas), 141 
melophthora (Pseudomonas), 141 
melophthorum (Bacterium), 141 
membranacea (Nitrosogloea), 74 
membranaceum (Chromobacterium), 234 
membranaceum amethystinum I (Chromo¬ 
bacterium), 234 

membranaceum amethystinum II (Chro- 
mobacterium), 234 

rnembranaceurn amethystinum III (Chro¬ 
mobacterium), 234 

membranaceum amethystinum IV (Chro- 
mobacterium), 234 
membranaceus (Bacillus), ^^2 
membranaceus amethystinus (Bacillus), 
232 

membranaceus amethystinus (Bacterium), 

232 
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memhranaceits amethystinus I (Bacillus), 
234 

membranaceus amethijslinus II (Bacillus), 
234 

membranaceus amelhyslinus III (Ba- 
cillusf), 234 

tnembranaceus ajnethyslinus IV (Ba¬ 
cillus) ^ 234 

membranaceus amelhyslinus mobilis (Ba¬ 
cillus), 

membranifer (Bacillus), 612 
membranoformis (Achrornobacter), 107 
membranoformis (Pseudomonas), 107 
men^ranula (Pseudomonas), 699 
memelensis (Micrococcus), 2G7 
mendozae (Gaffkya), 284 
mendozae (Micrococcus), 284 
meningitidis (Bacillus), m2 ,681 
meningitidis (Coccobacillus), 589 
meningitidis (Diplococcus), 297 
meningitidis (Flavobacterium), 490 
meningitidis (Hemophilus), 589 
meningitidis (A/icrococcus), 297 
meningitidis (Neisseria), 296, 297, 299, 
301 

meningitidis (Streptococcus), 341 
meningitidis aerogenes (Bacterium), 662 
meningitidis cerebrospinalis septicemiae 

(Hetnophilus) , 585 

meningitidis purulentae (Bacillus), 681 
meningitis (Cillobaclerium), 369 
Meningococcus, 297 

meningococcus cerebrospinalis (Micro¬ 
coccus) , 297 

mephitica (PsoudomonaB),99 
merdarius (Streptococcus), 341 
merionis (Grahamella), 1110 
meriBrnoides (Nitrosogloea), 73 

Merismopedia, 6 

m^^mopedioides (Bacterium), 682 

Meristo, 236 

merlangi (Microspironema), 1064 
meaentorica (Nocardia), 907 
mesenterica (Pseudomonas), 148 
mesentericum (Bacterium), 760 
mesentericum (Microbacterium), 907 
mceentericus (Agarbactorium), 629 


mesentcricus (Bacillus), 595, 709, 711, 
712, 741,748,755, 760 
mesentericus (Proactinomyces), 907 
mesentcricus var. Jlavus (Bacillus), 710, 
712 

mesentericus aureus (Bacillus), 173, 693 
rnesentericus corrugalus (Merismopedia), 

258 

mesentericus fusctis (Bacillus), 709, 737, 
744 

mesentericus fuscus consistens (Bacillus), 

748 

mesentericus fuscus granulatus (Bacillus), 

748 

mesentericus kydrolyticus (Bacillus), 710 
mesentericus niger (Bacillus), 711 
mesentericus pants viscosi I (Bacillus), 
760 

mesentericus panis viscosi II (Bacillus), 
710 

mesentericus roseus (Bacillus), 748 
mesentericus ruber (Bacillus), 709, 748 
mesentericus rubiginosus (Bacillus), 743 
mesentericus vulgatus (Bacillus), /09, 
741,751 

mesentericus vulgatus mucosus (Bacillus), 

748 

mcsenterioides (Bacillus), 749 
mesenterioides (Streptococcus), 346 
mesenteroides (Ascococcus), 346 
mesenieroides (Bacterium), 760 
mesenteroides (I^uconostoc), 262, 263, 
346, 348, 689 

mesenthericus (Bacillus), 755 
Metabacterium, 9,762 
metabolicus (Bacillus), 602 
metabotulinum (Clostridium), 784 
melacoli (Bacillus), 452 

metacoli (Bacterium), ASS 
metacoli (Escherichia), 452 
metacoloides (Bacillus), Ab2 
metacoloides (Escherichia), Ah2 
metadijjluens (Bacillus), A^ 
meladiJIluens (Proteus), 490 
metadysenterica var. A, B, C, and I) 
(Shigella) ,644 

metadysentericus (Castellanus), 644 
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metadysentericus var. A, B, C and D 
(Bacillus), 544 

metadysentericus var. A, B, C, and D 
(Dysenleroides), 544 
metajlavus (Bacillus), QQ2 
meialcaJigenes (Achromobacier), 414 
metalcaligenes (Alcaligenes), 414, 416 
metalcaligenes (Bacterium), 414 
Metallacler, 6, 705, 763 
metalloides (Pseudomonas), 148 
melchnikovi (Actinomyces), 972 
metchnikovi (Vibrio), 196 
Metchnikovillus, 11, 763 
metchnikowi (Oospora), 934, 972 
metentericus (Micrococcus), 690 
methanica (Melhanomonas), 179 
methanica (Methanosarcina), 287 
methanica (Sarcina), 287 
methanica (Zymosarcina), 287 
methanicus (Bacillus), 179 
methanigenes (Bacillus), 809 
methanigenes (Cellobacillus), 809 
methanii (Bacillus), 809 
Methanobacterium, 29, 30, 645, 646 
Methanococcus, 29, 30, 248 
Methanomonas, 20, 31, 82, 179 
Methanosarcina, 29 , 30 , 31, 286 
methylicum (Bacterium), 643 
methylicus (Bacillus), 
metiens (Bacillus), 716 
metritis (Corynebaclerium), 404 
metritis (Spirochaeta), 1068 
metschnikojjii (Microspira), 196 
melschnikoffi. (Pacinia), 196 
metschnikovi (Spirillum), 196 
mexicana (Nocardia), 
mexicana (Salmonella), 531 
mexicanus (Actinomyces), ^19 
mexicanus (Discomyces), 919 
meyeri (Aclinobacterium), 927 
Meyerillus, 11, 763 
miami (Salmonella), 519 
micans (Bacillus), 749 
micetomae (Actinomyces), 916 
micetomae (Oospora), 916 
micetomae-argenlinae (Nocardia), 918 
micetomas argentinae a (Streptothrix), 918 


micetomae argentinae (Streptothrix), 916 
michaelisii (Bacillus), 733 
micheli (Neisseria), 279, 696 
micheli (Pacinia), 691 
michiganeae (Erwinia), 394 
michiganense (Aplanobacter),29i 
michiganense (Bacterium), 393 
michiganense (Corynebacterium), 393 
michiganense (Pseudomonas), 393 
michiganense var. saprophyticum (Cor¬ 
ynebacterium), 394 
michiganensis (Phagus), 1140 
michiganensis (Phjtomonas), 394 
microapoikia (Streptococcus), 341 
micro-apoikia enteritis (Streptococcus), 
341 

Microbactcrium, 9, 349, 370, 371 
microbutyricum (Bacterium), 590 
Micrococcus, 13, 14, 15, 17, 19, 21, 25, 27, 
29, 31, 33, 42, 179, 236, 249, 260, 265, 
276, 696, 1006, 1121 
Microcoleus, 993 
microdentium (Spirochaeta), 1075 
microdcntium (Treponema), 1071, 1075 
Microderma, 76 

microjlava (Micromonospora), 950 
microfiavus (Actinomyces), 950, 976 
microflavus (Streptomyces), 960 
microgyrata (Spirochaeta), 1074 
microgyrata (Spironema), 1074 
microgyrata (Spiroschaudinnia), 1074 
microgyrata var. gaylordi (Spirochaeta), 
1068 

microgyrata var. gaylordi (Spironema), 
1068 

7nzcro(/i/ra(a gaylordi (Spirochaeta), 1068 
microgyralum (Treponema), 1074 
Micromonospora, 875, 978 
Micromyces, 925, 1291 
microparva (Actinomyces), 976 
microparva (Nocardia), 976 
micropunctata (Nitrocystis), 76 
micropunctata (Nitrogloea), 75 
micros (Streptococcus), 330, 331 
Microsphaera, 235 

Microspira, 7,12,16,19, 28,192,1122 
Microspironema, 1071 
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Micros'poTumt 916 
micTosjiorum {Bacterium ), 682 
microti {Gralwmella) ^ 1110 
microti (Haemobartonella), 1104 
microti ’p&nnsylvanici {GTahamella), 1110 
microtis {Bacillus), 682 
microtis {Bacterium), 682 
mtddletownii {Achromobacter), 425 
middletovmii {Bacterium), 425 
Migulanuin, 13, 705 
mikawasima, {Salmojiella), 511 
mildenbergii (Pseudomonas), 96, 146 
Miletensis {streptococcus), 560 
mitii {Bacillus), 749 
milleri {Microsptra), 202 

millen {Spirillum), 202 
milleH {Vibrio), 202 
millerianus {Bacillus), 672 
milletiae {Bacillus), 465 
milletiae (Erwioia), 466 
miliinum {Corynebacterium), 404 
Mima, 595 

mina {Crislispira), 1056 
mineacea (5trfiptot/irix), 917 
mineaceus {Actinomyces), 917 
minsi {Spirockaeta), 1070 
minci {Treponema), 1070 
miniacea {Serratia), 484 
miniaceus {Bacillus), 484 
miniocciM {Erylhrobacillus), 484 
minima (Beggiatoa), 993 
minima {Lauterborniola), 859 
minima (Nocardia), 902 
mininux {Spirockaeta), 1054 
minima {I'hiocapsa), 845 
minima (Thioploca), 994 
minimum {Microsporum), 916 
minimum {Rhizobium), 226 
minimum {Treponema), 1054 
minimum {Trichophyton), 916 
minimus {Actinomyces) ,910 
minimus (JSacittus), 663 
minimus {Micrococcus), 267, 268, 303 
minimua (Phagus), 1131 
minimus {Proactinomyces), 902 
minimus {Staphylococcus), 303 
rnmnesofa {Salmonella), 529 


minor {Bacillus), 858 

minor {Beggiatoa), 993 

minor (Chondromyces), 1039 

minor {Clostridium), 819 

minor (Gallionella), 832 

minor {Hydrogenornunas), 78 

7ninor {Naumanniella), 834 

minor (Phagus), 1131 

minor {Rhabdomonas), 854 

minor {Rhodococcus), 865 

minor (Rhodorrhagus), 865 

minor (Rhodosphaera), 865 

minor {Siderocystis), 835 

minor {Siderolhece), 835 

minor {Spirilluin), 215 

minor {Spironejna), 2\5 

minor {Treponema), 215 

minus {Bacterium), 858 

minus (Chromatium), 856, 857, 858, 8i9 

minus (Polyangium), 1027 

minus {Rkabdochromalium),^ 

minus (Spirillum), 216 
minus {Thiodiclyon), 845 
minus {ThiovuLum), 1000 
minus var. muris (iSpirittum), 215 
minus var, morsus muris (*Srpirittum), 215 
minuscula {Cellulomonas), 105 
minuscula (Pseudomonas), 106 
minuta {Sarcina), 292 
minuta {Spiroschaudinnia), 1076 
minutaferula (Bacterium), 606 
minutissima {Eberthella), GXI 
minutissiina {Microderma),10 

minutissima {Nocardia), 919 

minutissinui {Oospor a), 919 
minutissima {Pseudomonas), 148, 6JJ 


utissima {Shigella), 607 

utissima {Thiothrix),990 
utissimum (Bacterium), 580. 607, 859 

utissimum (Chromatium), 

utissimum {Microsporon), 919 
utissimum {Sporotrichum) ,919 
utissimus {Actinomyces), 
ulissimui (Bacillua), “ 3 - ®58 
uliasimua (Discom’jcas) , 019 
utissimua (Aficrococcua) 268 ^ ^ 

uliaaimua (hUeroaporoadaa), 919 
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minulissimus gazogenes (Cocco-bacillus), 

580 

jnimdissimus sputi (Bacillus), 590 

minutissinius sputi (Bacterium), 590 

minutula (Melosira), 831 

minutum (Bacterium), 682 

minutum (Eubacterium), 368 

minutum (Spirochaeta), 1072, 1075 

minutum (Treponema), 1072, 1075, 1076 

mimdus (Bacillus), 682 

minutus (Bacteroides), 368 

miquelii (Bacterium), 757 

miquelii (iSerm/ia),481 

miquelii (Urobacillus), 691 

rnira (Cellulomonas), 106 

mira (Pseudomonas), 106 

mirabile (Bacterium), 488 

mirabile (Chloronium), 873, 874 

mirabilis (Bacillus), 488, 666 

mirabilis (Beggiatoa), 990, 991, 992, 995 

mirabilis (Hillhousia), 998, 999 

mirabilis (Nanus), 1207 

mirabilis (Proteus), 487, 488, 490, 491 

mirabilis (Sarcina),2^2 

mirabilis (Streptococcus), 

mirijica (Palmella), 268 

mirificus (Micrococcus), 268 

misri (Cohnistrepothrix), 918, 975 

mississippi (Salmonella), 527 

mite (Marmor), 1182 

mite (Treponema), 1071 

mitelmani (Clostridium), 820 

mitidus (Bacillus), 663 

mitificans (Aerobacter),-^67 

milior (Streptococcus), 321 

mitior seu viridans (Streptococcus), 321 

mitis (Spiroschaudinnia) , 1071 

mitis (Streptococcus), 321, 338 

mitis seu viridans (Streptococcus), ^2\ 

mitochondrialis (Bacillus), 749 

mixta (Thioploca), 994 

mixtus (Streptococcus), 341 

Miyagawanella, 1116 

mobile (Acetobacter), 692 

mobile (Achromatium), 997, 1001 

mobile (Achromobacier) , 106 

mobile (Spirillum), 2iiA 


mobile (Termobacterium), 106 
mobilis (Macromonas), 1001 
mobilis (Micrococcus), 293 
mobilis (Planosarcina),29S 
mobilis (Pseudomonas), 106,148 
mobilis (Sarcina), 291, 293 
mobilissirnus (Bacillus), 663 
Modderula, 997 
modestus (Bacillus), 749, 760 
modiolae (Cristispira), 1056 
modiolae (Spirochaeta), 1056 
inoelleri (Mycobacterium), 889 
Mogallia, 13, 306 
molinijormis (Bacillus), 667 
molischii (Chromatium), 868, 859 
molischii (Pseudomonas), 856, 858 
Molitor, 1241 
mollis (Aurococcus), 268 
mollis (Bacillus), 663 
mollis (Merismopedia), 268 
mollis (Micrococcus), 268, 271 
mollis (Staphylococcus), 268 
monachae (Bacillus), 682, 749 
monachae (Bacterium), 682, 749 
monadiformis (Bacterium), 699 
monadijormis (Pseudomonas), 148, 698 
Monas, 5, 6 

moniliforme (Cillobacterium), 369 
moniliformis (Bacillus), 369, 667 
moniliformis (Streptobacilllus), 688, 972, 
1109, 1294, 1295 

monocella (Nitrosomonas), 69, 70 
Monococcus, 235 
Monocystia, 14, 1034 
monocytogenes (Bacillus), 408 
monocytogenes (Bacterium), AQS 
monocytogenes (Brucella), 695 
monocytogenes (Listerella), 408, 409 
monocytogenes (Listeria), 408, 409, 695 
monocytogenes hominis (Listerella), 
manoica (Siderocapsa), 834 
monospora (Nocardia), 980 
monospora (Spirillum), 217 
monosporus (Actinomyces), 980 
monshaui (Salmonella), 531 
monstrosum (Bacterium), 760 
montanus (Bacillus), 7A9 
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mont-mull 


monlejuarlinii (Bacterium), 640 
monlevideo (Salmonella), 510 
moormani (Proactinomyces) , 923 
mooseri (Rickettsia), 1085, 1086 
Morator, 1227 

moraxaxenfeld (Diplobacillus) , 590 
Moraxolla, 690, 592 
morbi hrigklii (Strepptococciis) , 338 
morbificans (Bacillus), 514 
morbijicans (Flavobacterium) , 514 
morbificans (Salmonella), 497,614 
morbificans bovis (Bacillus), 514 
morbijicans bovis (Bacterium), 514 
morbilli (Streptococcus), 341 
morbillorum (Briareus), 1234 
morbillorum (Diplococcus), 310 
morbillosus (Micrococcus) 
morbillosus (Streptococcus), 341 
Morganella, 488 
morgani (Bacillus), 488 
morgani (Bacterium), 48S 
morgani (Escherichia), 488 
morgani (Salmonella), 488 
morganii (Morganella), 488 
morganii (Proteus), 488, 491 
mori (Bacillus), 135 
mori (Bacterium), 135 
mori (Phytomonas), 135 
niori (Pseudomonas), 136 
moricolor (Micrococcus), 696 
moroi (Acidobacterium) , 361 
moroi (Plocamobacterium) , 361 
morrhuae (Sarcina), 288 
morrhuae (Micrococcus) (Diplococcus), 
268 

mors-prunorum (Bacterium), 123 
mors-prunorum (Phytomonas), 123 
niora-prunorum (Pseudomonas), 123 
Morsus, 1163 

morsusmuris (Spirella), 215 
morsus muris (Spirockaeta) , 215 
morsusmuris (Spiroschaudinnia) , 215 
worsiis muris (Treponema), 215 
mortiferus (Bacillus), 579 
mortiferus (Spherophorus), 579 
morula (Polyangium), 1027, 1031 
morulans (Bacillus), 663 


moscow (Salmonella), 518 
jnoscowaensis (Salmonella), 518 
motorium (Aerolacter), 457 
mottei (Bacillus), 663 
moulei (Bacillus), 74^ 
mucidolens (Pseudomonas), 148 
mucidolens var. tarda (Pseudomonas), 148 
mucidus (Achromobacter), 425 
mucilagineus (Micrococcus), 
mucilaginosus (Bacillus), 749 
mucilaginosus (Micrococcus), 268 
mucilaginosus koeleriae (Bacillus), 394 
mucilaginosus koeleriae (Pseudomonas), 

394 

mucofaciens (Micrococcus), 268, 695 
mucosa (Cellfalcicula), 211 
mucosa (.Neisseria), 299, 301 
mucosa (Sarcina), 293 
mucosa (Spirochaeta), 1072 
mucosum (Bacterium), 577, 749, 788 
mucosum (Clostridium), 788, 820 
mucosum (Treponema), 1072 

mucosum anaerobicum (Coccobacterium), 


577 

«<rosum capsulalum (Baclerium), 459 
ucosus (Actinomyces), 9^6 
UC 0 SU 5 (Bacillus), 749, 788 
ucosus (Capsularis), 577 
ucosus (Cellulobacillus), 762 
ucosus (Diplococcus), 301, 308 
ucosus (Endosporus), 788 
ucosus (Mycococcus), 891 
ucosus (Pneumococcus) , 301,308 
ucosus (Streptococcus), 301, 308, 1139 

ucosus anaerobius _ 

ucosus capsulatus (Bacillus), 458, 663 
ucosus capsulatus (Streptococcus), 308 
ucosus ozaenae (Bacillus), 459 
ucosus ozocna (Bacterium), 459 
ucronatus (Bacillus), ^**0 
luelleri (Caryophanon), 1004 
iuelleri (Simonsiella), 1004 
.uenchen (Salmonella), 613 
.uensUr (Salmonella), 623 
iulieHs (Vibrio), m 
lulleri (Achromattum), lOW 
itilleri (Drepsnospira), Uw 
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mulleri (Monas) ^ 1000 
mulleri (Thiovulum)^ 1000 
Multifermentans, 11, 763 
mullifermentans (Clostridium), 772 
multifermentans ienalbus (Bacillus), 772 
multiforme (Cillobaclerium), 369, 790, 
815 

multiforme psittacosis (Microbacterium), 
1116 

multiformiis (Heierocystia), 13 
multiformis (Bacillus), 369, 663, 790, 
815, 826 

multiformis (Bacteroidea), 22 
multiformis (Bacteroides), 790, 815 
multiformis (Haverkillia), 588, 972 
multiformis trichorrhexidis (Bacillus), 
688 

multipediculum (Bacterium), 682 
multipediculus (Bacillus), 682 
multipediculus flavus (Bacillus), 685, 
749 

multistriata (Pseudomonas), 101, 699 
multistriatum (Achromobacier), 101 
multistriatus (Bacillus), 101 
multisiriatus (Bacterium), 699 
multivolatigenum (Lactohacterium), 363 
multocida (Pasteurella), 646, 549 
muUocidum (Bacterium), 546, 547 
muralis (Bacillus), 7 
muricida (Pasteurella), 648 
muricola (Rickettsia), 1086 
murina (Rickettsia), 1086 
murinus (Bacillus), 411, 663 
muripestifer (Bacillus), 682 
muripestifer (Bacterium), 
mwrts (Actinomyces), 588, 972, 1109 
muris (Asterococcus), 588 
muris (Bacillus), 402 
muris (Bacterium), AOl 
muris (Bartonella), 1103 
muris (Borretia), 215 
muris (Fusiformis), 583 
muris (Grahamella), 1110 
muris (Haemobartonella), 1103, 1104, 
1105,1106,1107, 1108 
muris (Hemophilus), 589 
muris (Legio), 1261 


muris (Mycobacterium), 890 

muris (Nocardia), 924 

muris (Spirella), 215 

muris (Spirochaeta), 215 

muris (Spironema), 215 

muris (Treponema), 215 

muris (Treponemella), 215 

muris musculi iberica (Grahamella), 1110 

muris musculi var. albinoi (Bartonella), 

1108 

muris musculi var. albinoi (Haemobar- 

tonella), 1108 

muris ratli (Actinomyces), 588, 924, 972 
muris ratti (Bartonella), 1103 
muris-ra/(i (Streptolhrix), 924, 972 
muris var. gatalziana (Spirochaeta), 215 
muris var. virginiana (Spirochaeta), 215 
muris var. virginiana (Spironema), 215 
muriseptica (Erysipelothrix), 411, 548 
muriseplica (Pasteurella), 411, 548 
murisepticum (Bacterium), 411 
murisepticum (Corynebacteriuin), 390 
murisepticum (Mycobacterium), 411 
murisepticus (Bacillus), 411, 548, 665 
rnurisepticus (Streptococcus), 341 
murisepticus pleomorphus (Bacillus), 490, 

665 

murisepticus pleomorphus (Bacterium), 

665 

murium (Bacillus), 502 

murium (Corynebacterium), 390 

murmanensis (Microspira), 202 

musae (Bacillus), 137 

musae (Bacterium?), 613 

musae (Phytoirumas?), 613 

musae (Pseudorrumas), 613 

musarum (BcLcillus), 137 

muscae (Staphylococcus), 282, 1142 

muscoides (Bacillus), 815 

muscoides (Comilia), 815 

muscoides colorabilis (Bacillus), 815 

muscoides non colorabilis (Bacillus), 815 

muscorum (Chondromyces), 1020 

muscorum (Stelangium), 1020 

musculi (Bacillus), 714 

musculi (Grahamella), 1110 

musculi (Gyromorpha), 1112 
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musc-naft 


musculorum {Actinomyces) ^ 972 
musculorum suis {Actinomyces), 972 
musculorum suis {Oosjtora), 972 
mustelae {Bacillus), 
musielae septicus {Bacillus), 445, 552 
mxisielaecida {Bacillus), 552 
muslelaecida {Pasieurella), 552 
mutabile (Bacterium), 603 
mutabile {Rhizobium), 224 
mutabilis {Bacillus), 749 
mutans {Streptococcus), 342 
myceticus {Micrococcus), 268, 696 
Mycobacterium, 7, 17, 18, 19, 23, 27, 28, 
30, 36 , 38, 392 , 407 , 863 , 875 , 876, 887, 
891, 892, 903 , 905 
Mycobacterium spp., 882,887 
Af 1 /cococcus, 875, 891 
Mycoderma, 9, 179 
mycodermatus {Micrococcus), 268 
mycodermatus {Tetracoccus), 284 
Mycogallionella, 986 
mycogenes {Bacillus), 663 
mycogenum {Bacterium), 663 
mycoides (Asterococcus), 1259, 1291 
mycoides (Bacillus), 612, 718, 719. 742 
982,1130,1138 
mycoides (Bacterium), 602 
mycoides corallinus (Bacillus), 644, 902 
mycoides peripneumoniae {Coccobacillis), 
1291 

mycoides roseurn {Bacterium), 602 
mycoides roseum {Chromobacterium), 602 
mycoides roseus (BaciUus), 602 
mycoides-roseus {Erythrobacillus), 602 
mycoides var. ovoaethylicus {Bacillus), 
720 

Mycomonas, 8, 876 
Mycoru)stoc, 6 
Mycoplana, 82,191 
Mycoplasma, 1291 
Mycoihrix, 983 
myricae {Actinomyces), 972 
mytili (Bacillus), 663 
Myxobacillus, 706 
Myxobacier, 1005, 1026 
Myxobotyrs, 1036 

myxoeoccoides (Cytophaga), 1049 


myxococcoides (Sporocytophaga), 1049 
Myxococcus, 14, 17, 20, 24, 25, 312, 1007, 
1009, 1040, 1041, 1044, 1047, 1049 
tnyxodens {Bacillus), 749 
myxogenes {Cellulobacillus), 762 
myxogencs {Clostridium), 820 
mjTcogencs (Pseudomonas), 93 
myxomae (Molitor), 1246 

nacreaceum (Bacterium), 682 
nacreaceus (Bacillus), 682 
nacreaceus (Micrococcus), 268 
nadsonii (Proteus), 491 
naganoi (Sarcina), 293 
naganophila (Spirochaeta), 1068 
nakatae (Phytomonas), 164 
nakatae (Xanthomonas), 164, 1136 
nakatae type B (Baclerium), 164 
nana (Saprospira), 1055 
nanukayami (Spirochaeta), 1077 
Nanus, 1206 

nanus (Bacillus), 718, 815 
naphthalinicus (Bacterium), 682 
naphtkalinicus liquefaciens (Bacillus), 

663 

naphthalinicus non-liquefaciens (Bacii- 

lus), 663 

napi (Savoia), 1221 

napt (Vibrio), 205 

napoli (Salmonella), 522 

narashino (Salmonella), 514 

nasale (Spirillum), 203 

nasale (Spirosoma), 203 

nasalis (Bacterium), 459 

nasalis (Micrococcus), 342 

nasalis (Planococcus), 342 

nasalis (Streptococcus), 342 

nasalis (Vibrio), 203 

nasicola (Spirillum), 203 

natans (Bacillue), 718 

natans (Cladothrix), 982 

natans (Cryptococcus)}^ 

natans (Sphacrotilis), 982 

natans var. cladothrix (Sphaeroiiltis), 

982 

nathansonii (Thiobacterium), 81 
natto (Bacillus), 710 
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Xaumanniella, 834 
navicula {Arfiijlobacter), 771 
navicula {Bacillus), 771 
navicula {Bacterium), 771, 824 
jiaviculum {Clostridium), 771 
naviformis {Bacillus), 576, 723 
naviformis {Ristella), 576 
n'dianka {Vibrio), 205 
neapolitana {Escherichia), 447 
neapolitanus {Bacillus), 447 
neapolitanus {Bacterium), 447 
nebulosa (Pseudomonas), 101, 699 
nebulosum {Achromobacter), 101 
nebulosus {Bacillus), 101, 580, 663, 749, 
815 

nebulosus {Bacteruim), 699 
nebulosus {Cryptococcus), 258 
jiebulosus {Protococcus), 258 
nebulosus gazogenes {Bacillus), 749 
necans {Bacillus), 663 
necrodentalis {Bacillus), 361, 362 
necrogenes {Bacillus), 579 
necrogenes {Spherophorus), 579 
necrophora {Pasteurella), 554 
necrophora {Streptothrix), 578, 977 
necrophorum {Bacterium), 578 
necrophorurn {Corynebacterium), 578 
necrophorus {Actinomyces), 578 
necrophorus {Bacillus), 578 
necrophorus {Fusiformis), 578, 583 
necrophorus (Spherophorus), 678, 580, 
583, 928 

necrosans {Clostridium), 820 
necroseos {Bacillus), 578 
necroseos {Streptococcus), 342 
necroticans {Micrococcobacillus), 690 
necroticus {Bacillus), 579 
necroticus {Spherophorus), 579 
necroticus {Streptococcus), 342 
nectarophila {Bacterium), 134 
nectarophila {Phytomonas), 134 
nectarophila (Pseudomonas), 134 
neddini {Actinomyces), 916 
negombensis {Bacillus), 544 
negombensis {Shigella), 544 
neigeux (Bacille), 777 
ncisseri {Pacinia), 386 


Neisseria, 19, 21, 26, 27, 29,, 31, 33, 295 
nelliae {Bacillus), 478 
nelliae {Erwinia), 478 
nenckii {Achromobacter), 624 
nenckii (Bacterium), 624 
neocistes (Vibrio), 199 
neoformans {Micrococcus), 26S 
neotropicalis {Borrelia), 1068 
neotropicalis {Spirochaeta), 1064 
neotropicalis {Treponema), 1064 
nephriticus {Bacillus), 663 
nephritidis {Bacterium), 553, 760, 761 
nephritidis equi {Bacillus), 5A0 
nephritidis insteriitialis {Bacillus), 760 
neptunium (Flavobacterium), 432 
neritica {Pseudomonas), 699 
nerviclarens (Marmor), 1198 
neschezadimenki {Actinomyces), 928 
neschezadimenki {Cohnistreptothrix), 928 
neumanni {Bacillus), 681, 749 
neurolyticus {Musculomyces), 1293 
neurotomae {Bacillus), 663 
neurotomae {Bacterium), 663 
neurotomae {Micrococcus), 268 
neustonica {Naumanniella), 834 
neuvillci {Micrococcus), 268 
neveuxi {Spirochaeta), 1059 
neveuxi {Spironema), 1059 
neveuxi {Treponema), 1059 
neveuxii {Spiroschaudinnia), 1059 
Nevskia, 7, 35, 829 
new brunswick {Salmonella), 525 
newington {Salmonella), 524 
newport {Salmonella), 573 
newporiensis {Salmonella) ,b\^ 
newport var. kottbus {Salmonella), 513 

Xewskia, 7, 12, 14 
new york {Salmonella), 
nexibilis {Bacillus), 148 
nexibilis {Bacterium), 699 
nexibilis {Pseudomonas), 148, 699 
nexifer {Micrococcus), 696 
nicolaieri {Bacterium), 682 
nicolaieri {Pacinia), 798 
Nicollaierillus, 11, 763 
nicoUei {Actinomyces), 921 
nicoUei {Bartonella), 1108 
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nico-noca 


nicollei {Haemobartonella)^ llOS 
nicollei {Nocardia)y 921 
nicollei {Spirochaeta), 1059 
nicollei {Spironema), 1059 
nicollei {Treponema) y 1059 
nicomoeaicum {Phylovirus), 1164 
nicoiianae {Bacillus) y 137 
nicoiianae {Erwinia)y 137 
nicotianae-iabaci {Phyioinonas), 639 
nicotianum {Bacterium)y 682 
nicotinobacter (Bacterium), 682 
nictoinophagum (Bacterium) y 682 
nictoinovorum (Bacterium), 613 
niger (Actinomyces) 
niger (Bacillus), 711 
niger (Micrococcus), 247 
nigra (Nocardia), 921 
nigra (Streptothrix), 921, 934, 969, 
nigrescens (Bacillus), 749 
nigrescens (Micrococcus), 268 
nigrescens (T^igrococcus), 268 
nigrescens (Sorangium), 1024 
nigricans (Actinomyces), 972 
nigricans (Bacillus), 749 
nigrifaciens (Pseudomonas), 109 
nigrijicans (Actinomyces), 972 
uigrijicans (Bacillus), 711 
nigrificans (Clostridium), 802 
nigrijicans (Oospora), 972 
Nigrococcus, 10 

nigrofaciens (Micrococcus), 268 
nigromaculans (Bacterium), 168 
nigromaculans (Phytomonas), 168 
nigromaculans (Xanthomonas), 168 
nigrum (Catenabacterium), 368 
nigrum (Sorangium), 1024 
nigrum (Spirillum), 217 
nijibetsui (Achromobacter), 425, 692 
nili (Erro), 1261 
niloese (Salmonella), 525 
nimipressuralis (Erwinia), 472 
ninas kokUyakomovi (Grahamella), 1110 
niosii (Bac/croides), 367 
niosii (Eubaclerium), 367 
nipponica (Rickettsia), 1091 
nipponica (Rickettsoides), 1091 
nitens (Bacillus), 663 


nilens (Bacterium), 682 
nitidus (Arthromitus), 1003 
nitidus (Bacillus), 749 
nitidus (Micrococcus) , 269 
nilri (Bacillus), 749 
niirificans (Achromobacter), 76 
nitrijicans (Bacillus), 76 
nitrijicans (Bacterium), 76 
nitrijicans (jl/icrococcws), 269 
Nitrobacter, 9, 17, 20, 26, 29, 31, 74, 
837 

niirobacter (Bacillus), 74 
nitrobacter (Bacterium), 74 
nitrobacier (Nitrobacterium), 74 
Nitrobacterium, 74 
Nitrocystis, 76 
nitrogenes (Actinomyces), 972 
nitrogenes (Bacillus), 426 
Nitrogloea, 75 
Nilromonas, 8, 9, 70, 74 
Nitrosococcus, 29, 31, 71 
Nitrosocystis, 72, 73 
Nitrosogloea, 73 

Nitrosomonas, 17, 20, 25, 29, 31, 70, i , 


72, 73 

nitrosomonas (Bacterium), 70 
Nitrosospira, 69, 71, 72 
nitrosus (Micrococcus), 71 
nitrosus (Nitrosococcus), 69, 71 
nilrovorum (Achromobacter), 425 
nitrovorum (Bacterium), 425 
nitroxus (Bacillus), 749 
nivalis (Micrococcus), 269 
nivalis (Pseudomonas), 148 
nivea (Actinomyces), ^72 
nivea (Beggiatoa), 989 
nivea (Leptotrichia), 989 


(Barcina), 293 
(Symphyothrix), 989 

(Thiothrix), 989, 995 
var. verticillata (Thioihnx), 989 
i (Micrococcus), 269 


nobilis (Bacillus), 750 
nocardi (Bacterium), 895 
nocardi (Salmonella), 632 
nocardia (Streptococcus), 319 
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Nocardia, 9, 892, 917, 929, 987, 974 
nocardii {Actinomyces), 895 
nocardii (Streptothrix), 895 
noctiluca {Sarcina), 637 
noctuarii (Escherichia), 491 
noctuarum (Bacillus), 491 
nocluarum (Proteus), 491 
Nodofolium, 15, 17, 831 
nodosa (Leptospira), 1077 
nodosa (Bpirochaeta), 1076 
nodosum (Bacterium), 404 
nodosum (Corynebacterium), 404 
nodosum (Rhizobium), 225 
nodosum (Treponema), 1077 
nodosus (Actinomyces), 583, 917, 1074 
nodosus (Fusiformis), 583, 917 
nodosus parvus (Bacillus), 404 
noelleri (Spirochaeta), 1088 
Noguchia, 632 

noguchii (Eperthyrozoon), 1101, 1113 
noguchii (Spirochaeta), 1038 
noguchii (Treponema), 1068 
nomae (Bacillus), 682 
nomae (Bacterium), 682 
nomae (Streptococcus), 342 
nondiastaticus (Actinomyces), 972 
nondiastaticus (Bacillus), 733, 734 
nonfermentans (Bacillus), 787, 828 
nonfermentans (Micrococcus), 269 
non-hemolyticus I, II and III (Strepto¬ 
coccus), 342 

nonliquefaciens (Amylobacter), 771, 824 
non~liquefaciens (Cladothrix), 983 
non liquefaciens (Clostridium), 819 
non liquefaciens (Moraxella), 592 
non-liquefaciens (Pseudomonas), 98 
nonpentosus (Bacillus), 772, 824 
non pyogenes (Staphylococcus), 282 
nonum (Plectridium), 793, 826 
nordhafen (Vibrio), 196 
normandi (Spirochaeta), 1088 
normandi var. cartkaginensis (Spiro¬ 
chaeta), 1068 

nosocomiale (Treponema), 1038 
nosocomialis (Spirochaeta), 1068 
nothnageli (Clostridium), 821 
notus (Vibrio), 703 


novacaesareae (Streptomyces). 961 

novellus (Thiobacillus), 79 

NoviUus, 11, 763 

novum (Plectridium), 750 

novus (Bacillus), 750 

novyi (Bacillus), 777 

novyi (Borrelia), 1061 

novyi (Cacospira), 1061 

novyi (Clostridium), 777, 824 

novyi (Spirochaeta), 1061 

novyi (Spironema), 1061 

novyi (Spiroschaudinnia), 1061 

novyi (Treponema), 1061 

novyi Type A (Clostridium), 777 

novyi Type B (Clostridium), 778 

novyi Type C (Clostridium), 778 

nubile (Chromobaclerium), 404 

nubilis (Micrococcus), 269 

nubilum (Bacterium), 404, 405 

nubilum (Corynebacterium), 404 

nubilum (Flavobacterium), 404 

nubilum var. nanum (Corynebacterium),. 

405 

nubilus (Bacillus), 404 
nucleatum (Fusobacterium), 682 
nucleatus (Fusiformis), 5S2 
nuclei (Micrococcus), 269 
nucleophagus (Coryococcus), 112Z 
nucleophyllus (Bacillus), 639 
nyborg (Salmonella), 523 

oahu (Salmonella), 532 
obermeieri (Cacospira), 1059 
obermeieri (Spirillum), 1059 
obermeieri (Spirochaeta), 1059 
obermeieri (Spironema), 1059 
obermeieri (Spiroschaudinnia), 1059 
obermeieri (Treponema), 1059 
oblongum (Bacterium), 682 
oblongus (Bacilltis), 682, 750 
oblongus (Micrococcus), 682 
o&scoenu4 (Micrococcus), 269 
obscura (Pseudomonas), 699 
obsli (^ubac^enum), 367 
obtusa (Holospora), 1122 
obiusa (Spirochaeta), 1068 
obtusa (Spiroschaudinnia), 1068 
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obiu$um {TTeponema)f 1068 
oceanica (Pseudomonas), 699 
ocello cunealum {Bacterium), 776 
ochracea (Beggiatoa), 984 
ochracea {Chlamydothrix), 984 
ochracea {Lampropedia), 844 
ochracea (Leptothrix), 984 , 985, 986 
ochracea (Lyngbya), 984 
ochracea {Melosira), 831 
ochracea {Merismopedia), 844 
ochracea (Pseudomonas), 176, 699 
ochraceum {Bacterium), 761 
ochraceum {Chromobacterium), 175 
ochraceum {Flavobacterium), 175 
ochraceum (Polyangium), 1030 
ochraceus {Actinomyces), 972 
oc^rocetw {Bacillus), 175 
ochraceus {Bacterium), 699 
ochraceus (Cellvibrio), 210 
ochraceiis {Micrococcus), 269 
Ochrohium, 835 

ochroleuca {Pseudomonas), 148 
ochroleucus (Actinomyces), 972 
ochroleuciis (Bacillus), 663 
ochroleucus (Micrococcus), 269 
ochroleucus (Planococcus), 269 
ochroleucus (Streptococcus), 269 
Octopsis, 646 

oculogenitale (Chlamydozoon), 1116 
oculorum (Leptothrix), 970 
odontolyticus (Bacillus), 363 
odontolyticus (Lactobacillus), 363 
odontolyticus (Streptococcus), 342 
odorans (Proteus), 491 
odoratum (Bacterium), 664, 739 
odoratus (Bacillus), 663, 664, 739 
odoratus (Micrococcus), 269 
odorifer (Actinomyces), 974 
odorifera (Actinomyces), 972 
odorifera (Cladothnx), 934, 974 
odorifera (Nocardia), 974 
odorifera (Oospora), 974 
odorifera (Slreplothrix), 974 
odonficans (BadUus), 664 
odonficus (Bacillus), 664 
(Bacillus), 664 
odorus (Micrococcus), 269 


oedematiens (Bacillus), 777, 825 
oedemaliens (Clostridium), 777 
oedematiens (Eberthella), bZA 
oedematis (Bacillus), 775, 782, 815 
oedematis aerobicus (Bacillus), 660 
oedematis benigni (Clostridium), 818 
oedeynatis Tnaligni (Bacillus), 775, 782, 815 ■ 
oedematis-maligni (Clostridium), 775, 782 
oedernatis maligni No. II (Bacillus), 
777 

oedematis sporogenes (Bacillus), 787, 826 
oedematis thermophilus (Bacillus), 777 
oedematis thermophilus (Bacterium), 777 
oedematogenes (Bacillus), 818 
oedematoides (Clostridium), 787, 826 
oehensis (Bacillus), 750 
ogaiae (Bacterium), QS2 
oidieformis (Streptolhrix), 977 
okeanokoites (Flavobacterium), 429 
okenii (Bacillus), 857 
okenii (Bacterium), 857 
okenii (Chromatium), 852, 854, 856, 867 

okenii (Monas), 857 

okenii (Pseudomonas), 857 

oleae (Bacillus), 132, 750 

oleae (Bacterium), 132 

oleae tuberculosis (Bacillus), 132 

oleracea (Erwinia), 470 

oleraceus (Bacillus), 470 

olearius (Micrococcus), 269 

olens (Micrococcus), 269 

olens, (Sarcina), 293 

olcovorana (Pseudomonas), 96 

olfactorius (Bacillus), 718 

oligoacidificans (Lactobactenum), 363 

oligocarbophila (Carboxydomonas), 972 

oligocarbophilus (Actinomyces), 972 

oligocarbophilus (Bacillus), 972 

oligocarbophilus (Proactinomyces), 923, 

972 

oligolrophum (Nirobacter), 76 
olivaceus (Actinomyces), 950 
olivaceus (Streptomyces), 960 
olivae (Bacterium), 7Q1 
olivochromogenes (Actinomyces), 941 
olivochromogcnus (Streptomyces). 941 
(melianskii (Bacillus), 750. 809 
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omelianskii (Clostridium), 808, 809 
omelianskii (Methanobacterium), 645, 
646, 795, 820 
Omelianskillus, 11, 703 
omnivorus {Bacillus), 470 
onarimon {Salmonella), 519 
• oncidii {Bacillus), 640 
oncidii {Bacterium^), 640 
oncidii {Phytomonas?), 640 
onderstepoort {Salmonella), 528 
ontarioni {Bacillus), 750 
ontarioni {Bacterium), 750, 759 
oogenes {Bacillus), 750 
oogenes Jluorescens a {Bacillus), 150 
oogenes jluorescens 0 {Bacillus), 147 
oogenes jluorescens y {Bacillus), 149 
oogenes jluorescens 5 {Bacillus), 149 
oogenes jluorescens € {Bacillus), 149 
oogenes hydrosuljureus a {Bacillus), 750 
oogenes hydrosuljureus ^ {Bacillus), 147 
oogenes hydrosuljureus y {Bacillus), 672 
oogenes hydrosuljureus 6 {Bacillus), 148, 
663 

oogenes hydrosuljureus e {Bacillus), 663 
oogenes hydrosuljureus i {Bacillus), 663 
oogenes hydrosuljureus k {Bacillus), 654 
oogenes hydrosuljureus v {Bacillus), 653 
oogenes hydrosuljureus s {Bacillus), 

659 

oogenes {Pseudomonas), 148 
oonergasius {Bacillus), 664 
opaca (Nocardia), 897 
opacum {Mycobacterium), 897 
opacurn {Nitrobacter), 76 
opacus {Bacillus), 750 
opacus {Proactinomyces), 897, 898 
opacus {Streptococcus), Z42 
opalaniiza {Leuconostoc), 346 
opalescens {Micrococcus), 252, 270 
Ophidomonas, 6, 850 
Ophiocysiia, 14,1017 
opossum {Bartonella), 1108 
opossum {Haemobartonella), 1108 
opportunus {Streptococcus), 342 
orae (Annulus), 1155, 1212, 1213 
orae {Bacillus), 750 
orae (Tractus), 1213 
orangea {Sarcina), 293 


orangica {Nocardia), 976 
orangica {Slreptothrix), 976 
orangico-niger {Actinomyces), 972 
orangicus {Actinomyces), 972 
orangium {Chromobacterium), 694 
oranienburg {Salmonella), 510 
oranienburgensis {Salmonella), 510 
orbicularis {Micrococcus), 270 
orbicularis jlavus {Micrococcus), 270 
orbiculata (Neisseria), 300 
orbiculatus {Micrococcus), 270 
orbiculus {Diplococcus), 300 
orchiticum {Bacterium), 682 
orchiticus {Bacillus), 683 
orchitidis {Flavobacterium), 556 
Oregon {Salmonella), 513 
orenburgii {Bacillus), 362 
orientate {Bacillus) 
orientalis {Dermacentroxenus), 1090 
orientalis (Nanus), 1206 
orientalis {Rickettsia), 1089, 1090 
orientalis {Salmonella), 528 
orientalis var. schiiffneri {Rickettsia), 
1090 

orientum {Propionibacterium), 379 
orion {Salmonella), 524 
orleanense (Bacterium), 187, 693 
orleanensis {Ulvina), 693 
ornithopi {Bacillus), 224 
ornithosis (Miyagawanella), 1117, 1118, 
1119 

orpheus {Bacillus), 724 
orthobutylicus {Bacillus), 771, 824 
orthodonta {Spirochaeta), 1075 
orihodontum {Treponema), 1075 
oryzae {Bacterium), 168 
oryzae (Fractilinea), 1160 
oryzae {Marmor), 1160 
oryzae {Phylomonas), 168 
oryzae {Pseudomonas), 168 
oryzae (Xantbomonas), 168 
Oscillatoria, 988, 991, 1007 
Oscillospira, 1004 
oslo {Salmonella), 511 
osieomyeliticus {Bacillus), 
osteomyelitus bubalorum {Bacillus), 
778 

osteophilum (Bacterium), 683 
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ostr-pall 


ostreae {Cristtspira)^ 1056 

oslreae {Spirillum), 217 

ostreae (Spirochaeta), 1056 

osirei {Bacillus), 532 

ostrei {Salmonella), 532 

otilidis sporogenes putrificus {Bacillus), 

815 

oiricolare {Bacillus), 815 
otricolare {Endosporus), 815 
otlolenghii {Bacillus), 803 
oltolengkii {Clostridium), 803 
oitolenghii {Endosporus), 804 
ovalare (Clostridium), 796 
ovalaris {Plectridium), 796 
ovale {Bacterium), 441, 683 
ovale {Flavohacterium), 441 
ovale (Saccharobacterium), 623 
ovalis {Bacillus), 97, 441, 683 
ovalis {Bacterium), 441 
ovalis {Micrococcus), 270, 325, 326 
ovalis (Pseudomonas), 97, 699 
ovalis {Streptococcus), 325 
ovalisporus (Myxococcus), 1043, 1044 
ovala {Pasteurella), 572 
ovatum {Bacterium), 683 
oua(um {Panhistophyton), 2M 
ovatus (Bacteroidcs), 672,577 
ovatus {Micrococcus), 254 

minutissimus {Bacillus), 683 
ovatus rninulissimus {Bacterium), 

683 

ovi {Pseudomonas), 149 

ovicola {Pseudomonas), 149 

oviforme {Bacterium), 353 

oviformis {Bacteroides), 353 

oviformis {Coccobacillus), 353 

ovina {Ehrlichia), 1097 

ovina {Rickettsia), 1097 

ovina {Spirochaeta), 1068 

ovina {Spiroschaudinnia), 1068 

ovinum {Bacterium), 554 

ovinum {Treponema), 1068 

ovis {Corynebaclerium), 62, 389, 694 

ovis (Eperylhrozoon), 1112 

ovis {Hemophilus), 589 

ovis {Listerella), 409 

ovis {Micrococcus), 267 

ovis {Spinllum), 1068 


ovis {Spirochaeta), 1068 
ovis {Spironema), 1068 
ovis {Streptococcus), 342 
ovis (Tortor), 1278 
ovis {Treponema), 1068 
ovisepiica {Pasteurella), 5M 
oviioxicus {Bacillus), 790 
ovitoxicus {Clostridium), 790, 826 
ovitoxicus {Welchia), 790 
ovoaetkylicus {Bacillus), 720 
oxalaticus {Bacillus), 714, 750 
oxalifcrum (Achromatium), 996, 997, 


998, 999 

oxydans (Acctobacter), 184 
oxydans {Bacillus), 182, 184 
oxydans {Bacterium), 184 
oxygenes {Bacterium), 544 
oxygenes {ICberthcUa), 544 
oxygenes {Shigella), 544 
oxylacticus {Bacillus), 664, 750 
oxylacticus {Bacterium), 750 
oxyphila {Eberthclla), 534 
oxyphilum {Bacterium), 534 
oxylocum {Aerobacler), 456 
ozytocum {Bacterium), 456 
oxytocus {Bacillus), 456 

oxytocus {Escherichia), 

oxytocus perniciosus {Baallus), ibQ 
oxytocus perniciosus {Bacterium), 456 
ozacnae {Bacillus), 459, 658 
ozaenae {Bacterium), 459 
ozaenae {Klebsiella), 459 

V j _\ 4cn 


i {Bacillus), 750 

i (Plocamobacterium), 693 
iacidill {Bacillus), m. 693 
iacidi {Lactobacillus), 356 
labrae {Crislispira), 1056 
yrhizi (Marmor), 1188 
lia, 192, 349, 763 
anti {Bacillus), 656, 804 
anii {Clostridium), 804 
ami {Endosporus). 804 
,pneumoniae (Diplococcus), 309 

ns {Bacterium), 683 
ns {Micrococcus), 270 
ns {Streptococcus), 342 
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pallescens (Bacillus), 664 
pallescens (Bacterium), Q8Z 
pallescens (Pseudomonas), 149, 699 
palleum (Endosoma), 859 
pallida (Spirochaeta), 1071 
pallida (Ulvina), 683 
pallida var. cUniculi (Spirochaeta), 1073 
pallidior (Bacterium), 683 
pallidolimbatus (Marmor), 1197 
pallidula (Spirochaeta), 1071 
pallidulum (T'reponema), 1071 
pallidum (Bacterium), 683 
pallidum (Microspironema), 1071 
pallidum (Spironema), 1071 
pallidum (Treponema), 1071, 1072, 1073 
pallidum var. cuniculi (Treponema), 1073 
pallidus (Bacillus), 664, 750 
pallidus (Micrococcus), 270 
pallidus (Streptococcus), 342 
palludosum (Pleciridium), 727 
Palmula, 34, 763 
paludis (Bacillus), 790, 826 
paludis (Welchia), 790 
paludosa (Sardna), 2Q3 
paludosum (Bacterium), 761 
palumbarium (Bacterium), 552 
palustris (Bacillus), 750 
palustris (Hillhousia), 998, 999 
palustris (Rhodobacillus), 750, 863 
palustris (Rhodomonas), 863 
palustris (Rhodopseudomonas), 860, 863, 
864, 865, 866 

palustris var. gelaticus (Bacillus), 750 

pammelli (Bacillus), 745 

panacis (Pseudomonas), 130 

panama (Salmonella), 519 

panaxi (Bacterium), 130 

panaxi (Phytomonas), 130 

pandora (Bacillus), 720 

panginensis (Actinomyces), 921 

panginensis (Nocardia), 921 

panici (Bacterium), 169 

panici (Phytomonas), 169 

panici (Pseudomonas), 169 

panici (Xantbomonas), 169 

panici-miliacei (Bacterium), 143 

panici-miliacei (Phytomonas), 143 


panici-miliacei (Pseudomonas), 143 
panificans (Bacillus), 664 
panis (Bacillus), 710, 711 
pants (Bacterium), 760 
panis (Lactotacillus), 358 
panis acidi (Lactobacillus), 363 
panis fermentati (Bacillus), 358 
panja (Actinomyces), 966 
panjae (Streptomyces), 966 
pannosus (Bacillus), 664 
pannosus (Micrococcus), 270 
pansinii (Bacillus), 664, 667 
pansinii (Bacterium), 718 
pansinii (Pseudomonas), 149 
pantotropha (Hydrogenomonas), 77 
pantotrophus (Bacillus), 77 
papavericola (Bacterium), 164 
papavericola (Phytomonas), 164 
papavericola (Xantbomonas), 164 
papaveris (Bacillus), 474 
papavcris (Erwinia), 474 
papayae (Bacillus), 478 
papayas (Erwinia), 478 
papillare (Bacterium), 683 
papillare (Photobacterium), 637 
papillaris (Microspira), 637 
pappulum (Parapleclrum), 816 
pappulus (Bacillus), 815 
papuana (Salmonella), 512 
papulans (Bacterium), 124 
papulans (Phytomonas), 124 
papulans (Pseudomonas), 124 
paraabortus (Brucella), 563 
para-aertrycke (Bacillus), 502 
paraalvei (Bacillus), 723 
paraamericanus (Proteus), 491 
para-asialica (Salmonella), 532 
para-asiaticus (Bacillus), 532 
parabifermentans (Clostridium), 796 
parabifermentans sporogenes (Bacillus), 
796 

parabijidus (Lactobacillus), 354 
parabotulinum (Clostridium), 778, 779, 
784 

parabotulinum equi (Clostridium), 779 
parabotulinum Types A and B (Clostrid¬ 
ium), 779, 784, 798 
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parahoixdinus {Bacillus) t 779, 7S0 
paraboiuUnits bovis {Clostridium), 77 
parabuiyricus {Bacillus), 813, 816 
paraciirovorus {Slreplococcus), 347 
para-coagulans {Bacillus), 532 
para-coagulans {Salmonella), 532 
Paracloster, 7, 705 
paracoli {Bacterium), 460 
Paracolobactrum, 460, 461, 489 
para-colon {Bacillus), 460 
para-colon {Salmonella), 460 
paradiffluens {Bacillus), 491 
paradiffiuens {Proteus), 491 
paradoxa {Escherichia), 453 
paradoxus {Bacillus), 683 
paradoxus {Bacterium), 683 
paradoxus {Colibacillus), 453 
paradysenteriae {Bacillus), 537, 538 
paradysenteriae {Bacterium), 537 
paradysenteriae {Ebertkella), 537 
paradysenteriae (Shigella), 637 , 538, 
639, 640, 543 

paradysenteriae Type Manchester {Shi¬ 
gella), 639 

paradysenteriae (Type Newcastle) (Shi¬ 
gella), 638 

paradysenteriae var. sonnei {Shigella), 
540 

paradysenteriae X {Bacillus), 536 
paraenterica {Enteroides), 452 
paraenterica {Escherichia), 453 
paraentericits {Bacillus), 453 
paraexilis {Bacillus), 352 
parafinae {Micrococcus), 270 
paraffinae (Nocardia), 901 
Para^nae {Proaclinomyces), 901 
para-gruenthali {Bacillus), 451 
puragruenthali {Escherichia), 451 
paraguayensis {Proaclinomyces), 923 
parainfluenzae (Hemophilus), 685, 686 
paralactitua {Streptococcus), 324 
pardllela {Aphanothece), 872 
parallela {Pediochloris), 872 
parallelum (Pelodictyon), 872 
paraUelus {Bacillus), 664 
paraluis {^pirochaeia), 1073 
Varaluis-cuniculi (JSpirochaeta), 1073 


paralytica (Klebsiella), 45Q 
oaralylicans (Bacillus), 405 
paralylicans (Cor?/ne6ac/cr:i/m), 405 
paramecii (Mullerina), 1122 
paramelilensis (Brucella), 55Z 
paramelilensis (4/icrococcus), 563 
paramor( 7 anu (Proteus), 491 
paraoxytocum (Aerobacter), 456 
para-pertussis (Bacillus), 587 
Paraplectrum, 7, 33, 763 
paraputriBcum (Clostridium), 793 
parapu(rj;^um (Plectridium), 793 
paraputrijicus (Bacillus), 793 
paraputrijicus (Tissierillus), 793 
paraputrijicus coli (Bacillus), 793 
parasarcophysemalos (Bacillus), 775 
parasitica (Leptothrix), 366 
parasilicum (Bacterium), 366 
parasiticum (Polyangium), 1032 
Paraspirillum, 9 
parasporogenes (Bacillus), 7S4 
parasporogenes (Clostridium), 784 

parasuis (Brucella), 553 

paratuberculosis (Mycobacterium), 881 
paratyphi (Bacillus), 501 
paratyphi (Bacterium), 501 
paratyphi (Salmonella), 495 , 601 
paratyphi abortus ovts (Bacillus), 506 
paratyphi alcaligenes (Bacillus), 501 
paratyphi alvei (Baallus), 532 
paratyphi A (Salmonella), 501 
paratyphi B {Salmonella). 403. 501 
paratyphi C (Salmonella), 403 , 507 
paratyphi Typne A (Baclerxum) 50 
paralyphi, Typus B (Bacler.um) 501 

paralyphosum A (Bactenum). Ml 
paratyphosum B (Baciertum), 501 
paralyphosue (Bacillus), Ml 
paralyphosus A (Bacillus), 501 
laratyphosus B (Bacillus), Ml, 500 

paralyphosus 0ABacillus), 507 

paralyphosus B, Arkansas typo (Bacillus), 

pafflyphosus B. Binns type (Bacillus), 

paTlyphasus B, Mutton type (Bacillus) 
602 
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paratyphosus jB, Newport type {Bacillus), 
513 

paratyphosus B, Reading type (Bacillus,) 
504 

paratyphosus B, Stanley type (Bacillus), 
503 

paratyphosus C (Bacillus), 507, 509 
paratyphosus C (Salmonella), 507, 509 
paraviscosum (Badcrmm), 6S3 
parcifermentans (LactohacterUnn), 364 

parkeri (Borrolia), 1064 
parkeri (Spirochaeia), 1064 
parotiiidis (Micrococcus), 270 
parotitidis (Spirochaeia), 1074 
partum (Clostridium), 821 
parva (Cornilia), 822 
parva (Micromonospora), 979 
parva (Nocardia), 939 
parvula (Cristispira), 1056 
parvula (Veillonella), 302, 303, 304 
parvula var. branhamii (Veillonella), 
303 

parvula var. minima (Veillonella), 303 
paiDula var. thomsonii (Veillonella), 303 
parvulum (Bacterium), 612 
parvulum (Corynebacterium), 40S 
parvidus (Micrococcus), 302 
parvulus (Staphylococcus), 302, 345 
parvulus (Streptococcus), 331, 342 
parvulus (Streplostaphylococcus), 345 
parvulus non liquefaciens (Streptococcus), 
331 

parvum (Bacterium), 822 

parvum (Corynebacterium), 388, 405 

parvum (Eubacterium), 368 

parvum (Spirillum), 203, 701 

parvum (Spirochaeia), 1075 

parvum (Treponema), 1075 

parvum injectiosum (Corynebacterium), 

405 

parvus (Actinomyces), 939 
parvus (Bacillus), 544, 712 
parvus (Jodococcus), 270, 695 
parvus (Micrococcus), 270 
parvus (Phagiis), 1131 
parvus (Rhodovibrio), 863 
parvus (Streptomyces), 939 


parvus (Vibrio), 203 
parvus liquefaciens (Bacillus), 
parvus ovatus (Bacillus), 548 
passeti (Staphylococcus), 256 
passiflorae (Marmor), 1193 
passijlorae (Phytomonas), 138 
passiflorae (Pseudomonas), 138 
Pasteurella, 17, 21, 22, 26, 32, 37, 42, 
646, 551, 577, 1290 
pasteuri (Cornilia), 775 
pasieuri (Micrococcus), 270, 306 
Pasteuria, 35, 836 
pasteuriana (Ulvina), 692 
pasteurianum (Acetobacter), 61, 180, 
182, 692 

pasteurianum (Bacillus), 692 
pasteurianum (Bacterium), 182 
pasteurianum (Clostridium), 772, 824 
pasieuriarium (Mycoderma), 182 
pasteurianum (Rhyzobium), 225 
pasteurianus (Bacillus), 772 
pasteurii (Bacillus), 729, 744 
pasleurii (Urobacillus),lQfi) 
pasteurii (Vibrio), 774 
pastinator (Achromobacter), 628 
pastorianum (Clostridium), 772 
pastorianum (Lactobacterium), 360 
pastorianum (Plocamobacterium), 695 
pastorianus (Bacillus), 359, 772 
pastorianus (Lactobacillus), 359, 695 
pastorianus (Saccharobacillus), 359 
pastorianus (Streptococcus), 337, 342 
pastorianus var. beroliner^sis (Saccharo¬ 
bacillus), 360 

patelliforme (Bacterium), ^ 
pateriforme (Bacterium), 6^ 
pathogenicum (Photobacterium), 635 
paucicutis (Bacillus), 750 
paullulus (Bacillus), 664 
pauloensis (Eberthella), 534 
pauloensis (Escherichia), 453 
pauloensis (Salmonella), 532 
Paulosarcina, 13, 285 
paurometabolum (Corynebacterium), 392, 
paiiovskii (Bartonella), 1108 
paiiovskii (Haemobarlonella), 1108 
pavonacea (Pseudomonas), 91 
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'pavoninus (Bacillus), 233 
pavonis (Treponema), 1075 
pecoris (Hostis), 1239 
peclinis (Cristispira), 1056 
Peciinohacter, 763 
pectinophorae (Bacillus), 664 
pectinovorum (Aerobacler), 456 
peclinovorum (Bacillus), 822 
pectinovorum (Clostridium), 771, 822 
peclinovorum (Granulobacter), 771, 822 
pectinovorum (Pleclridium), 771, 822, 
824 

pectinovorum liquefaciens (Pleclridium), 
823 

pectinovorus (Bacillus), 822 
Pectohacillus, 8, 763 
Pectobacterium, 464 
pectocuiis (Bacillus), 750 
pediculata (Nevskia), 830 
pediculalurn (Bacterixun), 830 
pediculatus (Chondromyces), 1038 
pediculi (Bacillus), 664 
pediculi (Rickettsia), 1094, 1095, 1096, 
1097 

Pediochloris, 870 

Pcdiococcus, 7, 25, 235, 249. 844 
Pedioplana, 235, 250 
pelagia (Bacillus), 635 
pelagia (Bacterium), 635 
pelagia (Sarcina), 701 
pelagicus (Bacillus), 750 
pelamidis (Spirochaeta), 1068 
pelamidis (Spironema), 1068 
pelargoni (Bacterium), 160 
pelargoni (Pseudomonas), 160 
pelargonii (Marmor), 1199 
pelargonii (Pkytomonas), 160 
pelargonii (Xanthomonos), 160, 167 
pellelieri (Actinomyces), 960 
pelletieri (Discomyces), 960 
pelletieri (Micrococcus), 960 
pelletieri (Nocardia), 960 
pelletieri (Oospora), 960 
pelletieri (Streptomyces), 960 
pelliculosa (Pseudomonas), 149 
pellucida (Beggiatoa), 992 
pellueida (Pseudomonas), 149 


pellucidum (Achromobacter), 145 
pcllucidum (Halibacterium), 653 
pellucidus (Bacillus), 664, 750 
pellucidus (Micrococcus), 270 
Peluchromaiium, 859 


Pelodictyon, 870 
pelogcnes (Actinomyces), 972 
Pelogloea, 870 

pelomyxae (Cladolhrix), 1123 
pclurida var. virginiana (Pseudomonas), 


174 

pemphigi (Micrococcus), 270 
pemphigi acuti (Diplococcus), 270 
pemphigi contagiosa (Micrococcus), 270 
pemphigi neonatorum (Micrococcus), 271 
pemphigi neonatorum (Staphylococcus), 


271 

pendens (Rhodothece),856 
pendunculalus (Bacillus), 741 
penicillatus (Bacillus), 816 
penortha (Spirochaeta), 583, 917, 1074 

pensacola (Salmonella), bis 

penioaceticum (Plocamobacterium), 695 
pentoaceticus (Lactobacillus), 358, 6J5 
pentoaceticus var. magnus (Lacto¬ 
bacillus), SbS « 7 Q 

pentosaceuin (Propiombactenum), 378, 


mceus (Pediococcus), 250 
[US (Lactobacillus), 357 
[Bacillus), 730 
Clostridium, 30, 763 
coccus, 29, 30 
lenes (Bacillus), 751 
jcnes (Bacterium), 751 
lans (Bacillus), 751 
lificans (Bacillus), 751 
nococcus, 235 
streptococcus, 30, 31, 312 
reus (Micrococcus), 271 
lans (Vibrio), 201 
'opovi (Eperythrozoon), 1113 

lie (Treponema), 1075 

Hit (Spirochaeta), 1076 

lomarinut (Pteudomonat), 699 

,va (Neisseria), 298 

271 
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perfoetens (Baclerium), 576 
perfoetens {Bacteroides), 576 
perfoetens (Rislella), 576 
perforans (Spirockaeta), 1068 
perfringens (Bacillus), 790, 815, 826 
perfringens (Clostridium), 789, 790, 817, 
818, 826 

perfringens Type A (Clostridium), 789 
perfringens Type B (Clostridium), 790 
perfringens Type C (Clostridium), 790 
perfringens Type D (Clostridium), 790 
perfringens (Welchia), 790 
perfringens var. anaerogenes (Clostrid¬ 
ium), 791, 826 

perfringens var. egens (Clostridium), 

790 

perfringens var. egens (Welchia), 790 
perfringens var. zoodysenteriae (Welchia), 

791 

pericarditis (Pasteurella), 554 
pericoma (Vibrio), 205 
perimastrix (Vibrio), 703 
periphyta (Pseudojnonas), 699 
periplanelae (Corynebacterium), 405 
periplanelae (Spirochaeta), 1069 
periplanelae var. americana (Coryne¬ 
bacterium), 

periplaneticum (Spirillum), 217 
peripneumoniae (Borrelomyces), 1291 
peripneumoniae (Mycoplasma), 1291 
peripneumoniae bovis (Asteromyces), 1291 
peripneumoniae bovis contagiosae (Mi- 
cromyces), 1291 

peritonitidis (Streptococcus), 317 
peritonilidis equi (Streptococcus), 317 
peritonitis (Spherophorus), 579 
periitomaticum (Bacterium), 761 
perlibratus (Bacillus), 664 
perlucidulus (Bacillus), 751 
perlurida (Cellulomonas), 174 
perlurida (Pseudomonas), 174 
perniciosus (Micrococcus), 342 
perniciosus (Pediococcus),250 
perniciosus (Streptococcus), 342 
perniciosus psittacorum (Streptococcus), 
342 

perolens (Achromobacter), 425 


peromysci (Grahamella), 1111 
peromysci (Haemobartonella), 1106 
peromysci var. maniculati (Grahamella), 
1111 

peromysci var. maniculati (Haemobar¬ 
tonella), 1106 
peroniella (Bacillus), 816 
peroxydans (Acetobacter), 189 
perroncili (Bacillus), 664 
Perroncitoa, 312 
persica (Borrelia), 1069 
persica (Spirochaeta), 1069 
pcrsicae (Chlorogenus), 1148, 1152 
persicae (Flavimacula), 1196 
persicae (Marmor), 1196, 1202 
persicae var. micropersica (Chlorogenus), 
1149 

persicae var. vulgaris (Chlorogenus), 
1149 

persicina (Palmella), 848 

persicina (Sarcina), 293 

persicum (Treponema), 1069 

persicus (Micrococcus), 271 

pertenue (Spironema), 1071 

pertenue (Treponema), 1071 

pertenuis (Spirochaeta), 1071 

pertussis (Bacillus), 586, 737 

pertussis (Hemophilus), 686, 587, 589 

pertussis eppendorf (Bacillus), 689 

peruviana (Bartonella), 1101 

pestifer (Achromobacter), 425 

pesiifer (Bacillus), 425 

pestifer (Bacterium), 425 

pesiis (Bacillus), 549 

pestis (Bacterium), 549 

pesiis (Eucystia), 549 

pestis (Pasteurella), 649, 703 

pesiis hubonicae (Bacillus), 549 

pestis bubonicae (Bacterium), 549 

pestis-caviae (Bacillus), 502 

pestis-caviae (Pasteurella), 502 

petasites (Bacillus), 714 

petasitis (Bacterium), 142 

petasitis (Phytomonas), 142 

petasitis (Pseudomonas), 142 

peteckialis (Micrococcus), 271 

peiersii (Bacillus), 664 
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petersii {Bacterium) ^ 683 

peterssonii (Propionibacterium), 376 

peiilus {Micrococcus), 271 

peliolatus {Bacillus), 751 

petit {Spirockaeta), 215 

peirolei {Micrococcus), 271 

petroselini {Bacillus), 715 

petroselini {Bacterium), 715 

pettiii {Leptospira), 1079 

peliiti {Spirochaeia), 215, 1079 

peltiti {Treponema), 1079 

p/aji {Bacillus), 539 

p/ajtt {Bacterium), 539 

p/otfii {Eberthella), 539 

pfaffii (Shigella), 639 

Pfeifferella, 9, 21, 22, 28, 554 

pfeifferi {Coccobacillus), 585 

pfcifferi {Encapsulatus), 459 

Pfiegmones-emphysematosae (Bacillus), 

790 

pfl^gmones-emphysematosae {Clostridium), 

790 

pfiHgeri {Arthrobacterium), 635 
pJlUgeri {Bacterium), 635 
pfiHgeri {Micrococcits), 635 
pjliigeri {Photobacterium), 635 
Phacelium, 13, 285 

pbaeoehromogenus {Actinomyces), 943 
phaeochromogenus (Streptomyces), 943 
Phaeomonas, 29, 30 
Pkaeospirillum, 29, 30, 866 
phagedenis {Borrelia), 1064 
phagedenis {Spirockaeta), 1064 
phagedcnis {Spironema), 1064 
phagedenis {Spiroschaudinnia), 1064 
phagedenis (Treponema), 1064 
Phagus, 1128 

pharyngis (Diplococcus) , 299 
pharyngis (Micrococcus), 696 
pharyngis (Neisseria), 299, 696 
pharyngis (Staphylococcus), 282 
pharyngis dnerea (Neisseria), 298 
pharyngis cinereus (Micrococcus), 298 

301 

pharyngis communis (Diplococcus), 298 
phamygis flavus 1 (Diplococcus), 298 
pharyngis fiavus II {Diplococcus), 299 


pharyngis fiavus I (Micrococcus), 299 
pharyngis fiavus II (Micrococcus), 299 
pharyngis-sicci (Neisseria), 298 
pharyngis siccus (Diplococcus), 29S 
pharyngis siccus (Micrococcus), 298 
phaseoli (Bacillus), 160, 751 
phaseoli (Bacterium), 160 
phaseoli (Phytomonas), 160 
phaseoli (Pseudomonas), 160 
phaseoli (Marmor), 1168, 1179 
phaseoli (Rhizobiiim), 226, 226 
phaseoli (Xanthomonas), 160, 161, 1134, 
1136 

phaseoli var. fuscans (BacteHum), 161 
phaseoli var. fuscans (Phytomonas), 161 
phaseoli var. fuscans (Pseudomonas), 


161 

phaseoli y&r. fuscans (Xanthomonas), 161 
phaseoli var. sojense (Bacterium), 161 
phaseoli var. sojense (Phytomonas), 161 
phaseoli y&T. sojensis (Xanthomonas), 161 
phaseolicola (Pseudomonas), 118 
phasiani (Bacillus), 520 
phasiani septicus (Bacillus), 520 
phasiani septicus (Bacterium), 520 
phasianicida (Bacillus), 552 
phasianicida (Bacterium), 552 
phasianidarum mobile (Bacterium), 552 
pkenantkrenicus bakiensis (Bacillus), 664 
phenanthrenicus guricus (Bacillus), 665 
phenologenes (Bacillus), 665 
phenolphilos (Bacillus), 751 
phenotolerans (Actinomyces), 917 
phlebotomi (Spirockaeta), 1074 
phlegmones emphysematosae (Bacillus), 

phWi (Scoblcterium), 881. 887, 889, 


>i{Scleroihnx),m 
>i perrugosum (Mycobactenum), 890 
planum (Mycobactenum), 890 
eobacterium, 20, 23 
las (Bacterium), 635 
rmicola (Bacterium), 166 
rmicola (Phytomonas), 166 
.rmicola pCanthomonas), 168 

_ /o_111 
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phosphorescent (Bacterium), 111, 633, 
635, 636 

phosphorescent (Micrococcus), 633 
phosphorescens (Microspira), 700 
phosphorescent (Pasteurella), 699 
phosphorescens (Photobacterimn), 633, 
635, 636 

phosphorescens (Pseudomonas), 111, 699 
phosphorescens (Spirillum), 633 
phosphorescens (Vibrio), 633, 702 
phosphorescens gelidus (Bacillus), 636 
phosphorescens gelidus (Bacterium), 635 
phosphorescens giardi (Bacillus), 635 
phosphorescens giardi (Bacterium), 635 
phosphorescens indicus (Bacillus), 699 
phosphorescens indicus (Bacterium), 699 
phosphorescens indigenus (Bacillus), 633 
phosphorescens indigenus (Bacterium), 
633, 636 

phosphorescens pjliigeri (Bacterium), 635 
phosphoreum (Achromobacter), 634 
phosphorcum (Bacterium), 633, 635, 636, 
637 

phosphoreum (Microspira), 636 
phosphoreum (Photobacler), 633 
phosphoreum (Photobacterium), 633 
phosphoreus (Bacillus), 633, 634 
phosphoreus (Micrococcus), 633, 635 
phosphoreus (Streptococcus), 633 
phosphoricum (Achromobacter), 634 
phosphoricus (Bacillus), 634 
Photobacler, 636 

Photobacterium, 12, 14, 192, 636 
photometricum (Bacterium), 683 
photomeiricum (Rhodospirillum), 867 
pholometricus (Bacillus), 683 
Photomonas, 11, 636 
Photospirillum, 636 
pholuris (Proteus), 491 
Phragmidiolhrix, 6, 12, 17, 19, 987 
pkylloiidis (Grahamella), 1111 
physiculus (Micrococcus), 636 
Phytomonas, 31, 32,150 
Phytomyxa, 223 

phytophthora (Erwinia), 469, 470 
phytopkthoTum (Bacterium), 470 
phytophihorum (Pectobacterium), 470 


phytophthorus (Bacillus), 469, 470 
phytophthorus (Micrococcus), 342 
phytophthorus (Streptococcus), 342 
phijtoplanktis (Vibrio), 703 
picrogenes (Bacillus), 751 
picrum (Achromobacter), 622 
pictor (Treponema), 1072 
pictorum (Achromobacter), 177 
pictorum (Pseudomonas), 177 
pierantonii (Bacillus), 202 
pierantonii (Cocco-bacillus), 112 
pierantonii (Micrococcus), 112 
pierantonii (Pseudomonas), 112 
pierantonii (Vibrio), 202 
pieridis (Micrococcus), 271 
pieris (Borrelina), 1227 
pieris (DiplobaciUus), 690 
pieris (Diplococcus), 336 
pieris (Vibrio), 703 
pieris agilis (Bacillus), 665 
pieris Jluorescens (Bacillus), 665 
pieris liquefaciens (Bacillus), 665 
pieris liquefaciens a (Bacillus), 665 
pieris liquefaciens ^ (Bacillus), 665 
pieris liquefaciens (Bacterium), 665 
pieris nondiquefaciens a (Bacillus), 665 
pieris non-liquefaciens 0 (Bacillus), 665 
piesmac (Savoia), 1221 

piima (Streptococcus), ZA2 
pijperi (Actinomyces), 921 
pijperi (Discomyces), 921 
pijperi (Nocardia), 921 
pikowskyi (Achromobacter), 425 
pikoxvskyi (Micrococcus), 271 
piliformis (Bacillus), 366, 751 
piliformis (Micrococcus), 271 
piltonensis (Micrococcus), 271 
piluliformans (Bacillus), 684 
piluliformans (Bacterium), 683 
pini (Bacterium), 640 
pini (Pseudomonas), 640 
pinnae (Cristispira), 1055 
pinnae (Spirochaele), 1055 
pinnatum (Achromobacter), 42.5 
pinnatus (Bacillus), 425 
pinnatus (Bacterium), 426 
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pino-plic 


pinoyi (Actinomyces), 921 
pinoyi (Nocardia), 921 
piniae (Treponema), 1072 
pipientis (Wolbachia), 1098 
pipistrelli (Grahamella), 1111 
pipistrelli (Grakaynia), 1111 
piriforme (Corynebacterium), 694 
piscaiora (Shigella), 544 
piscatorum (Bacterium),AS^ 
piscatorum (Serratia), 483 
piscaiorus (Bacillus), 483 
pieces (Rickelisia), 1097 
piscicidus (Bacillus), 751 
piscicidus agilis (Bacillus), 751 
piscicidus agilis (Bacterium), 751 
piscicidus nobilis (Bacillus), 751 
piscicidus versicolor (Bacillus), 491 
piscicidus versicolor (Proleus), 491 
piscium (Mycobacterium), 883, 884, 885, 
886, 887 

piscium (Vibrio), 197 

piscova (Pseudomonas), 700 

pisi (Bacillus), 751 

pisi (Bacterium), 119 

pisi (Marmor), 1180 

pisi (Pkytomonas), 119 

pisi (Pseudomonas), 119 

pistiense (Thiospirillum), 853 

pithed (Spirillum), 1064 

Tnthed (Spirochaeia), 1064 

pithed (Spironema), 1064 

pituitans (Bacterium), 761 

pj(ut(oparws (A/icrococcus), 271 

piiuitoparus (Karphococcus) (Carpho- 

coccus), 271 

pituitosum (Bacterium), 425,684 
pituitosum (Propionibaclerium), 379 
jdlyocampae (Bacterium), 684 
pitycampae a (Streptococcus), 342 
pitycampae 0 (Streptococcus), 342 
placoides (Cladothrix), 974 
placoides (Leptotrickia), 974 
placoides alba (Leptothrix), 974 
Plagarum (Injlabilis), 823 
pisgarum-belli (Diplococcus), 310 
Planococcua, 7, 13, 16, 235 


Planomerista, 235 
Planosarcina, 7, 15, 285 
Planostreptococcus, 15, 312 
plantaginis (Phytoyiionas) , 161 
plantaginis (Xaiithomonas), 161 
plantarum (Lactobacillus), 356, 357, 363, 

695 

plantarum (Streptobacterium), 356 
plantarum var. ruderisis (Lactobacillus), 

357 

plains (Bacillus), 723 
platychoma (Bacillus), 751 
plauti (Fusocillus), 581 
plauti-vincenti (Fusobactenum), 581, 

1063 

plauti-vincenti (Fusiformis), 581 
plaut-vincenli (Spirochaete), 1063 
plebia (Escherichia), 451 
plebeius (Bacillus), 451 
Plectridium, 7, 13, 33, 763 

Pleclrillium, 7 


Hrinium, 7 

iniae (Pseudomonas), 149 

anobacterium, 705 

tfrucli (Bacillus), 

tfrucli (Leuconostoc), 346 

miorpka (Pseudomonas), 700 

morphus (Bacillus), 665 

morphus (Streptococcus), 342 

iriticus (Discomyces) , 915 

iriticus (Leptothrix), 915 

iriticus canis faniiUans (Actinomy- 

;s), 915 

aropneumonia, 1289 
aopneumoniae (Bader,um), 6M 
tropneumoniae (Bovimyces), 12J1 
■ijormis (Bacillus), 751 
■ala (Pseudomonas), H9 
.alile (Spirillum), 1052 

latilis (Ehrenbergia) Wbl 

latilis (Spirochaeia), 1062, 1053 
-.atilis (Spirulina), 1052 
•.alilis eurystrepta ’’ 

..atilis marina 

:atilis pliealilis (Sp,ro‘^’ 

'otivum (Bacterium), 684, 70i 

' , * A IDA 
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plicaium {Baclerium), 761 

plicatum {Flavobacterium), 441 

plicaius {Bacillus), 149, 441, 665, 684, 

747, 751 

Plocamobaclerium, 18, 25,27, 349,381, 400 
plumbeus {Bacillus), 665 
plumosum {Corynebaclerium), 405 
plumosum {Mycobacterium), 
plumosus {Micrococcus), 271 
plurichromogenes {Aclinomyces), 897 
pluricolor {Actinomyces), 973 
pluricolor {Nocardia), 973 
pluricolor {Streptothrix), 973 
pluricolor dijfundens {Actinomyces), 973 
pluricromogena {Streptothrix), 897 
pluriseptica {Pasteurella), 547 
plurisepticus {Bacillus), 546 
pluton {Bacillus), 724 
pluton {Diplococcus), 724 
plymoutkensis {Bacillus), 482 
plymouthensis {Erytkrobacillus), 482 
plymuthicum {Bacterium), 482 
plymuthicum (Serratia), 481, 482, 483, 

484, 485 

Pneumobacillus, 458 
Pneumococcus, 308 

pneumo-enteritidis murium {Bacillus), 

665 

pneumoniae {Bacillus), 458,652 
pneumoniae {Bacterium), 307,458 
pneumoniae (Diplococcus), 43, 45, 306, 

307,308,309 

pneumoniae, Type 3 {Diplococcus), 308 
pneumoniae {Encapsulalus), 458 
pneumoniae {Hyalococcus), 458 
pneumoniae (Klebsiella), 468 
pneumoniae (Miyagawanella), 1118, 1119 
pneumoniae {PToeumococctts), 307 
pneumoniae {Proteus), 458 
pneumoniae {Streptococcus), 307 
pneumoniae caprae {Bacillus), 553 
pneumoniae crouposae {Micrococcus), 307 
pneumoniae equi {Bacillus), 553 
pneumonicum {Bacterium), 458, 675 
pneumonicxts {Bacillus), 647 
pneumonicus agilis {Bacillus), 
pneumonicus agilis {Bacterium^, 647 


pneumonicus liquefaciens {Bacillus), 675 
pneumonicus liquefaciens {Bacterium), 
675 

pneumonic crouposae {Bacterium), 458 
pneumopecurium {Bacterium), 684 
pneumosepticum {Bacterium), 684 
pneumoseplicus {Bacillus), 665, 684 
pneumosepticus {Bacterium), 665 
pneumosimilis {Streptococcus), 342 
pneumosinies {Bacillus), 595 
pneumosintes {Bacterium), 595 
pneumosintes (Dialister), 695 
Podangium, 1009, 1034 
podovis {Treponema), 1074 
poeciloides {Bacillus), 368, 369 
poeciloides {Eubaclerium), 368, 369 
poelsii {Bacillus), 665 
poinsettiac (Corynebacterium), 398, 399 
poinsettiae {Phytomonas), 399 
pollacii {Bacillus), 751 
pollachii {Spirockaela), 1069 
pollachii {Spironema), 1069 
Pollendera, 705 

Polyangium, 5, 14, 17, 20, 24, 26, 1005, 
1009, 1026 
Polycephalum, 1036 
polychromogenes {Actinomyces), 897 
polychromogenes {Bacillus), 233 
polychromogenes (Nocardia), 897, 898 
poly chromogenes (Oospora), 897 
polychromogenes {Proaclinomyces), 897 
polychromogenes {Streptothrix), 897 
polycolor {Bacterium), 126 
polycolor {Phytomonas), 126 
polycolor (Pseudomonas), 89, 126 
polycystus {Chondrococcus), 1045 
polycystus {Myxococcus), 1045 
polydorae {Cristispira), 1056 
polydorae {Cristispirella), 1057 
polyfermenticum {Clostridium), 772, 824 
polygoni {Phytomonas), 140 
polygon! (Pseudomonas), 140 
polymorpha {Mima), 595 
polymorpha var. oxidans, 595 
polymorphum {Bacterium), 684 
polymorphum (Fusobacterium), 682 
polymorphum {Halihacterium), 662 
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polymorphum {Rhizobiurn), 224 
polymOTphum convuUivum {Bacterium), 

590 

polymorphue {Actinobacler),i5^ 
polymorpkus {Bacillus), 684 
polymorphus {Fusiformis), 582 
polymorpkus {Streptococcus), 343 
polymorphus {Vibrio), 205 
polymorphus necroticans {Coccobacillus), 

690 

polymorphus necroticans {Micrococco- 

bacillus), 690 

polymorphus var. peritriche {Vibrio), 205 
polymyxa {Aerobacillus), 720 
polymyxa (Bacillus), 720, 722, 754 , 818 
polymyxa {Clostridium), 720 
polymyxa {Granulobacter), 720 
polymyxa var. mucosum {Granulobacter), 

720 

polymyxa var. tenax {Granulobacter), 720 
polypiformie {Cornilia), 816 
polypiformis {Bacillus), 816, 818 
polypus (A/icrococcua), 272 
polysclerotica {Spirochaela), 1065 
polysiphoniae (Bacterium), 624 
polysiphoniae {Flavobacterium), 624 
polyspira {Spirochaela), 1074 
polyspirum {Treponema), 1074 
polyspora (Crenothrix), 983, 987 
polyspora {Metabacterium), 762 
polytrophum {Nitrobacter), 76 
pomodoriferus {Bacillus), 665 
pomona {Salmonella), 529 
poncei {Bacillus), 665 
ponceti {Actinomyces), 921 
ponceti (A^ocardia), 921 
ponceti {Oospora), 921 
poniicus (Vibrio), 703 
Pontothrix, 1002 
poolensis {Actinomyces), 949 
poolensis (Streptomyces), 949 
poona {Salmonella), 527, 531 
popiiiiae (Bacillus), 727 
populi {Bacillus), 751 
populi {Micrococcus), 272 
porcellorum {Micrococcus), 272 
porci {Erysipelothrix), 410 


porri {Bacillus), 684 
porri {Bacterium), 684 
portae {Spirillum), 1052 
portuensis {Microspira), 205 
portuensis (V’i6rm), 205 
postumus {Bacillus), 816 
potens {Acetobacter), 692 
potsdam {Salmonella), 511 
potsdamensis {Salmonella), 511 
praeacuta {Zuberella), 577 
praeacutus {Coccobacillus), 577 
praecox {Actinomyces), 973 
praefecundus {Actinojnyces), 973 
praepollens {Bacillus), 665 
praussnitzii {Bacillus), 718 
praussnitzii {Bacteroides), 577 
preisz-nocardi {Corynebaclerium), 389 
premens (Tarpeia), 1270 
preputialis {Leptothrix), 366 
Pretoria {Salmonella), 526 
pretoriana (Nocardia), 900 
pretorianus {Actinomyces), 900 
prillieuxianus {Bacillus), 132 
prima {Vibrio), 205 
primarius (Phagus), 1132 
primigenium (Archangium), 1018, 1019 
primigenium {Polyangium), 1018 
primigenium var. assurgens (Arch¬ 
angium), 1006, 1018 
primulae (Marmor), 1201 
prirnulae {Phytornonas), 114 
primulae (Pseudomonas), 114 
primus {Roberlsonillus), 823 
primus fullesi {Bacillus), 555 
primus fullesi {Bacterium), 660 
pringsheim {Bacillus), 819 
priztnitzi {Bacillus), 534 
priztnitzi {Bacterium), 534 
priztnitzi {Eberthella), 534 
priztnitzi {Eberthus), 634 
Proactinomyces, 38, 875, 892 
Proactinomyces sp., HeUer, 923 
probatus {Bacillus), 729 
prodeniae {Bacterium), 684 
prodigiosa {Micraloa), 480 
prodigiosa {Monas), 480 
prodigiosa {Palmella), 480 
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prodigiosa {Salmonella), 480 
prodigiosum {Bacteridium), 4S0 
prodigiosum {Bacterium), 480 
prodigiosum {Chromohacterium), 480 
prodigiosum {Dicrobaclrum), 480 
prodigiosum {Liquidobacterium), 480 
prodigiosus {Bacillus), 480 
prodigiosus {Enjthrobacillus), 480 
prodigiosus {Micrococcus), 480 
productus {Streptococcus), 343 
profundus {Cladotkrix),dSZ 
profusum {Bacterium), 684 
profusus {Bacillus), 684 
progrediens {Micrococcus), 272 
progrediens {Reglillus), 823 
prolifer {Vibrio), 213 
promissus {Bacillus), 666 
propera {Thiospira), 702 
Propionibacterium, 30, 31, 372 
propionici {Micromonospora), 980 
Propionicoccus, 11 
propionicum {Clostridium), 821 
propyl’butijlicum {Clostridium), 781, 825 
Proshigella, 535 
Protaminobacter, 32,189 
protea {Actinomyces), 972 
protea {Microspira), 197 
protea {Pseudomonas), 149 
prolea-Jluorescens {Pseudomonas), 89 
proteamacxdans {Bacterium), 169 
proteamaculans {Phytomonas), 169 
proteamaculans {Pseudomonas), 169 
proteamaculans (Xanthomonas), 169 
proteidis {Bacillus), 666 
proteiformis {Enterococcus), 325 
proteiformis {Streptococcus), 325 
proteiformis liquefaciens {Enterococcus), 

343 

proteiformis var. liquefaciens {Strepto¬ 
coccus), 343 

proteolyticum {Clostridium), 821 
proteolylicum {Plocamobacterium) , 691 
proteolyticus {Glycobacter) , 691 
proteolyticus {Martellillus), 823 
proteosimilis {Eberthella) , 534 
protervus {Bacillus), 666 
proteum {Bacterium), /18 


Proteus, 18, 21, 26, 31, 486, 489, 400, 491, 
689, 691, 1086, 1088, 1089, 1091, 1092, 
1093, 1103 

proteus {Bacillus), 486 
proteus {Bacterium), 691 
proteus (Flavobacterium), 438 
proteus {Oospora), 973 
proteus {Streptococcus), 343 
proteus {Streptothrix), 973 
proteus (Vibrio), 197, 202, 204, 205 
proteus anindolgenes {Bacterium), 487 
proteus fluorescens {Bacillus), 89 
proteus fluorescens {Bacterium), 698 
proteus mirabilis {Bacillus), 488 
proteus septicus {Bacillus), 686 
proteus vulgaris {Bacillus), 487, 632 
proteuS’Zenkeri {Bacillus), 608 
Protobios, 1128, 1129 
protobios {Protobios), 1128 
protozoides {Bacterium), 145 
prowazeki sub-species typhi {Rickettsia), 
1086 

prowazeki var. mooseri {Rickettsia), 1086 
prowazeki var. prowazeki {Rickettsia), 
1084 

prowazekii {Rickettsia), 1084, 1086, 1087, 
1088, 1090, 1094, 1096, 1097, 1103 
pruchii {Bacillus), 788 
pruchii (Clostridium), 788 
pruddeni {Bacillus), 666 
pruneaeum {Flavobacterium), 441 
pruni {Bacterium), 152 
pruni (Xanus), 1208 
pruni (Phagus), 1135 
pruni {Phytomonas), 152 
pruni {Pseudomonas), 152 
pruni (Xanthomonas), 162, 1129, 1134, 
1135 

prunicola {Pseudomonas), 120,123 
pruvoti (Coleomitus), 1003 
pruvoti {Coleonema), 1003 
psalteri {Micrococcus), 272 
pseudaceti {Bacterium), 761 
pseudoaquatile {Bacterium), 684 
pseudo-actinomycosis potymorphus {Coc- 
cobacillus), 974 

pseudoagalactiae {Streptococcus), 319 
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pseudanthracis {Bacillus), 716, 717, 751 
pseudoanthracis (Bacterium), 717 
pseudo-asiaiica (Salmonella), 532 
pseudo-asiatica var. mobilis (Salmonella), 
532 

pseudo-asiaticus (Bacillus), 532 
pseudo-asiaiicus mobilis (Bacillus), 532 
Pseudobacillus, 20, 22 
pseudobuccalis (Spirochaeta), 1069 
pseudohutyricus (Bacillus), 740, 820 
pseudocameus (Asteroides), 918 
pseudo-carolina (Salmonella (?)), 532 
pseudocarolinus (Bacillus), 532 
pseudocaiarrhalis (Neisseria), 301 
pseudocebi (Bartonella), 1108 
pseudocebi (Haemobarionella), 1108 
pseudocerevisiae (Micrococcus), 249 
pseudo-cholerae gallinarum (Bacillus), 
520 

pseudoclostridium (Bacterium), 818 
pseudococcus (Bacillus), 751 
pseudocoli (Bacillus), 453 
pseudocoli (Escherichia), 453 
pseudo-coli anarobie (Bacillus), 786 
pseudocoli anaerobius (Bacillus), 786 
pseudocoliformis (Bacillus), 453 
pseudo-coliformis (Escherichia), 453 
pseudocoloides (Bacillus), 453 
pseudo-coloides (Bacterium), 453 
pseudocoloides (Escherichia), 453 
pseudO'Columbensis (Bacillus), 532 
pseudo-columbensis (Salmonella (f)), 532 
pseudoconjunclivitidis (Bacillus), 684 
pseudoconjunclivitidis (Bacterium), 684 
pseudocoscoroba (Escherichia), 453 
pseudocyaneus (Micrococcus), 272 
paeudodiphtheria (Bacillus), 390 
pseudodiphtheriae (Corynebacterium), 

404, 405 

pseudodiphthericum (Mycobacterium), 385 
pseudodiphthericum magnus (Bacillus), 
752 

pseudodiphthericus (Bacillus), 385 
paeudodiphtherilicum (Bacterium), 385 
I)8eudodiphtheriticum (Corynebacte¬ 
rium), 386, 406 


pseudodiphtheriticus acidum faciens 
(Bacillus), 401 

pseudodiphtheriticus alcalifaciens (Ba¬ 
cillus), 400 

pseudodiphtheriticus gazogenes (Bacil¬ 
lus), 401 

Pseudodiplococcus, 305 
pseudodysenteriae (Bacillus), 538 
pseudodsyenteriae (Escherichia), 453, 543 
pseudodysentericum (Bacterium), AbZ, 543 
pseudofilicinum (Bacterium), 684 
pseudofusiformis (Bacillus), 752 
pseudogonorrhoeae (Sarcina), 2QZ 
pseudohaemolyticus (Slreptococcits), 343 
pseudohebdomadis (Spirochaeta), 1079 
pseudoianthina (Pseudomonas), 233 
pseudoicterogenes (Leptospira), 1077 
pseudoiclerogenes (Spirochaeta), 1077 
pseudoicterogenes aguaeductuum (Spiro- 
chaeia), 1078 

pseudo-icterogenes (aquatilis) (Spiro^ 
ckaela), 1077 

pseudoicterogenes salina (Spirochaeta), 
1079 

pseudo-icterokemorrhagiae (Spirochaeta), 

1077 

pseudoinjluenzae (Bacillus), 684 
pseudoinfiuenzae (Bacterium), 684 
pseudoinjluenzae (Micrococcus), 272 
pseudokeratomalaciae (Bacterium), 684 
Pseudoleptothrix, 34, 366 
paeudomagnus (Bacillus), 816 
pseudomallei (Actinobacillus), 555 
pseudomallei (Bacillus), 555 
pseudomallei (Flavobacterium), 555 
pseudomallei (Malleomyces), 666, 556 
pseudomallei (PJeifferella), 555 
pseudomelitensis (Aftcrococcus), 563 
pseudomirabilis (Bacillus), 666 
Pseudomonas, 7, 15,18, 20, 21, 25, 28, 29, 
31,32, 43,82, 91, 145,171, 233, 234, 615, 
633 , 692, 839 

pseudo-morgani (Bacillus), 532 
pseudo-morganii (Salmonella), 532 
pseudomultipediculum (Bacterium), 685 
pseudomycoides (Bacterium), 761 
pseudomycoides roseus (Bacillus), 761 
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pseudonavicula (Bacillus), 814, 816 
pseudonecrophorus (Actinomyces), 580 
pscudooedematis (Bacillus), 816 
pseudooedematis maligni (Bacillus), 660, 


816 


pscudopallida (Spirochaeta), 1074 
pseudopallida (Spiroschaudinnia), 1074 
pseudopallidum (Treponema), 1074 
pseudo-perfringens (Inflabilis), 823 
pseudopestis murium (Bacterium), 402 
pseudopneumonicum (Bacterium), 685 
pseudopneumonicum (Brucella), 685 
pseudopneumonicus (Bacillus), 685 
pseudoproteus (Aerohacter), 457 
pseudopyogenes (Corynehacterium), 388 
pseudoradiatus (Bacillus), 613 
pseudoramosum (Bamihacterium), 369 
pseudoramosus (Bacillus), 369, 488 
pseudoramosus (Bacteriodes), 369 
pseudorecurrentis (Spirochaeta), 1069 
pseudoruber (Bacillus), 752 
Pseudosarcina, 285 
pseudosarcina (Micrococcus), 249 
pseudo-septicus (Bacillus), 816 
pseudosolidus (Bacillus), 816 
Pseudospira, 192 
pseudospirochaeia (Vibrio), 205 
pseudospirochaeta A (Vibrio), 205 
pseudospirochaeta B (Vibrio), 205 
pseudospirochaeta C (Vibrio), 205 
Pseudostreptus, 12, 13, 14, 312 
pseudosubtilis (Bacillus), 752 
pseudotetani (Bacillus), 727, 728, 800, 816 
pseudotetanicum (Pleciridium), 801 
pseudotelanicus (Bacillus), 727, 728, 816, 


818 

pseudotetanicus aerobius (Bacillus), 727 
pseudo-tetanus, Type No. IX (Bacillus), 


800 

pseudotsugae (Bacterium), 230 
pseudotsugae (Phytomonas), 230 
pseudotuberculosa (Slreptothrix), 973 
pseudotuberculosis (Bacillus), 389, o50, 
666 

pseudoluberculosis (Bacterium), 550 


pseudotuberculosis (Corynehacterium), 
389, 550 

pseudotuberculosis (Mycobacterium), 390 
pseudotuberculosis (Nocardia), 973 
pseudotuberculosis (Pasteurella), 549, 
660, 677, 703 

pseudotuberculosis bovis (Corynebac- 
terium), 389 

pseudotuberculosis liquefaciens (Ba¬ 
cillus), 666 

pseudoluberculosis murium (Bacillus), 
389, 407 

pseudoluberculosis murium (Corynethrix), 
406 

pseudoluberculosis ovis (Bacillus), 389 
pseudoluberculosis ovis (Corynebacte- 

rium), 389 

pseudoluberculosis rodenlium (bacillus), 
550 

pseudoluberculosis rodenlium (Bacter¬ 
ium), 550 

pseudoluberculosis rodenlium (Coryne6ac- 
terium), 550 

pseudoluberculosis rodenlium (Malleo- 
myces), 550 

pseudoluberculosis rodenlium (Slreplo- 
hacillus), 550 

pseudoluberculosis similis (Bacillus), 652 
pseudoluherculosus (Aclinomyces), 973 
pseudolyphi (Rickellsia), 1090 
pseudolyphosa (Pseudomonas), 149 
pseudolyphosum (Bacterium), 613, 666 
pseudotyphosus (Bacillus), 612, 666 
pseudovacuolata (Leptothrix), 986 
pseudovacuolala (Spiroihrix), 986 
pseudovaleriei (Proteus), 491 
pseudovermiculosum (Bacterium), 761 
pseudoviolacea (Pseudomonas), 234 
pseudoxerosis (Bacillus), 1098 
pseudozoogloeae (Bacterium), 124 
pseudozoogloeae (Phytomonas), 124 
pseudozoogloeae (Pseudomonas), 124, 
130 

psitlaci (Ehrlichia), 1116 
psittaci (Miyagawanclla), 111®» 1117, 
1118, 1119 

psittaci (Rickettsia), 1116 
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psit-putr 


psUtacorum (Streptococcus) ^ 342 
psittacosis (Bacillus), 502 • 

psittacosis (Bacterium), 502 
psittacosis (Salmonella), 502 
psorosis (Citivir), 1209 
psorosis (Rimocortius), 1210 
psorosis var. alveatum (Rimocortius), 1211 
psorosis var. anulatum (Rimocortius), 
1210 

psorosis var. convacum (Rimocortius), 
1210 

psychrocarierica (Urosarcina), 289 
psychrocarterica (Sarcina), 289 
psychrocartericus (Bacillus), 729 
psychrocartericus ( Urobacillus), 729 
puerariae (Bacterium), 118 
puerariae (Phytomonas), 118 
pueris (Salmonella), 513 
puerperalis (Streptococcus), 315 
pulcher (Micrococcus), 272 
pulchra (Sarcina), 293 
pullorum (Bacillus), 521 
pullorum (Bacterium), 521 
pullorum (Borrelia), 1059 
pullorum (Salmonella), 43, 493, 498, 520, 
621, 1135 

pullulans (Bacillus), 149 
pullulans (Bacterium), 700 
pullulans (Pseudomonas), 149, 700 
pulmonalis (Actinomyces), 901, 923 
pulmoTtalis (Discomyces), 922 
pulmonalis (Nocardia), 901, 923 
pulmonalis (Oospora), 917, 922 
pulmonalis var. chromogena (Oospora), 
923 

pulmonalis var. chromogenus (ActinO’ 
myces), 923 

pulmonare (Monas), 307 
pulmonis (Murimyces), 1292 
pulmonis I and II (Canomyces), 1292 
pulmonis equi (Zoogloea), 252 
pulmonum (Bacillus), 612 
pulmonum (Sarcina), 291, 293 
pulpae pyogenes (Bacillus), 666 
pultiformis (Micrococcus), 272 
pulviforme (Mycobacterium), 882 


pumilus (Bacillus), 709, 712, 744 
puncta (Saprospira), 1064 
punctans sulfureujn (Bacterium), 610 
punctata (Beggiatoa), 992 
punctatum (Achromobacter), 102 
punctaium (Bacterium), 102, 324 
punctatum (Nitrobacter), 76 
punctaius (Bacillus), 102, 666 
punctatus (Micrococcus), 272 
puncticulatus (Bacillus), 666 
punctiformis (Bacillus), 752 
punctulans (Bacterium), 113 
puncium (Bacillus), 685 
punctum (Bacterium), 685 
puncium (Monas), 685 
puntonii (Actinomyces), 917 
punionii (Asieroides), 917 
Pupella, 5 

purifaciens (Bacterium), 557 
purifaciens (Pasteurella), 557 
puris (Pseudomonas), 700 
purpeochromogenus (Actinomyces), 943 
purpeochromogenus (Streptomyces), 943 
purpureus (Actinomyces), 917, 973 
pur purifaciens (Micrococcus), 272 
purpurum (Bacterium), 552 
puTulentus (Corynebacterium), 391 
pusilla (Cellulomonos), 621 
pusilla (Cristispira), 1057 
pusilla (Spirochaeta), 1057 
pusilus (Bacillus), 621 
pusiolum (Bacterium), 145 
pustulaius (Micrococcus), 272 
putalus (Micrococcus), 696 
putida (Pseudomonas), 96 
putida (Ristella), 575 
puiidum (Bacterium), 96, 685 
putidum (Corynebacterium), 405 
putidus (Bacillus), 96,675,666, 667 
putidus splendors (Bacillus), 613 
pulneus (Micrococcus), 696 
putorii (Actinomyces), 973 
putorii (Slreptothrix), 973 
putoriorum (Hemophilus), 589 
putredinis (Bacillus), 675, 640 
puiredinis (Bacterium), 640 
putredinis (Ristella), 675 
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puirefaciens (Achromobacier), 99 
putrefaciem (Acuformis), 802 
putrefaciens (Bacillus), 802 
putrefaciens (Clostridium), 802 
puirefaciens (Pahnula),^i)2 
putrefaciens (Pseudomonas), 99 
puirefaciens (Streptococcus), 343 
putrefaciens putridus (Bacillus), 477 
Pulribacillus, 8, 763 
Putriclosiridium, 11, 763 
putrida (Pseudomonas), 96 
putridogenes (Actinomyces), 921 
putridogenes (Cladothrix), 921 
putridogenes (Nocardia), 921 
putridogenes (Oospira), 921 
putridus (Micrococcus), 212 
putridus (Streptococcus), 329 
putridus (Vibrio), 205 
putrifica (Pacinia), 799 
putrificum (Pleclridium), 799 
puirificum var. lentoputrescens (Plectrid- 
ium), 7Q9 

Putrificus, 11, 20, 22, 763 
putrificus (Bacillus), 799, 800 
putrificus (Clostridium), 799 
putrificus (Staphylococcus), 282 
putrificus (Streptococcus), 329 
putrificus coagulans (Bacillus), 816 
putrificus coli (Bacillus), 727, 737, 799, 
800 

putrificus filamentosus (Bacillus), 800 
putrificus immobilis (Bacillus), 813, 817 
putrificus ovalaris (Bacillus), 796 
putrificus tenuis (Bacillus), 787, 826 
putrificus var. non liquefaciens (Ba¬ 
cillus), 816 

putrificus verrucosus (Bacillus), 782, 825 
pyaemiae cuniculorum (Micrococcus), 271 
pyaemicum (Bacterium), 685 
pycnotica (Hydrogenomonas), 752 
pycnoticus (Bacillus), 752 
pyelonephritis bourn (Bacillus), 388 
pygmaeum (Clostridium), 821 
pygmaeus (Micrococcus), 272 
pylori (Bacillus), 416, 666 
pyocinnabareum (Bacterium), 685 
pyocinnabareus (Bacillus), 685 


Pyococcus, 235 

pyocyanea (Pseudomonas), 7, 89 
pyocyaneum (Bacterium), 89 
pyocyaneus (Bacillus), 89, 146 
pyocyaneus (Micrococcus), 89, 272 
pyocyaneus saccharum (Bacillus), 121 
pyogenes (Actinomyces), 934, 973 
pyogenes (Albococcus), 242 
pyogenes (Bacillus), 388, 666 
pyogenes (Bacterium), 388, 534, 685 
pyogenes (Bacteroides),b79 
pyogenes (Castellanus), 534 
pyogenes (Corynebacterium), 388, 391, 
401, 404, 405, 694 
pyogenes (Diplococcus), 343 
pyogenes (Eberthella), 534 
pyogenes (Lankoides), 534 
pyogenes (Micrococcus), 241, 242, 343 
pyogenes (Spherophorus), 579 
pyogenes (Spirillum), 206, 217 
pyogenes (Spirochaeta), 217 
pyogenes (Staphylococcus), 241 
pyogenes (Streptococcus), 312, 316, 316, 
318, 333, 338, 339, 340, 342, 343, 344, 345 
pyogenes (Streptothrix), 934, 973 
pyogenes (Treponema), 217 
pyogenes (Vibrio), 206 
pyogenes var. albus (Micrococcus), 242, 
259 

pyogenes var. aureus (Micrococcus), 241, 
271, 284 

pyogenes var. liquefaciens (Bacillus), 666 
pyogenes var. scarlatinae (Streptococcus), 
315 

pyogenes albus (Staphylococcus), 242 
pyogenes albus (Tetracoccus (Micro¬ 
coccus)), 242 

pyogenes anaerobius (Bacillus), 579,685 
pyogenes anaerobius (Bacterium), 685 
pyogenes animalis (Streptococcus), 316 
pyogenes aureus (Staphylococcus), 241 
pyogenes aureus (Tetracoccus) (Micro¬ 
coccus), 241 

pyogenes bovis (Bacillus), 388, 405, 666 
pyogenes bovis (Corynebacterium), 388, 
405 

pyogenes bovis (Bubacterium), 405 
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pyog-race 


Vyogenes hovis (Staphylococcus), 264, 281, 
701 

pyogenes bovis (Streptococcus), 343 
pyogenes citreus (Micrococcus), 242 
pyogenes citreus (Staphylococcus), 242 
pyogenes crassus (Bacillus), 652 
pyogenes crassus (Bacterium), 652 
pyogenes cuniculi (Bacillus), 403 
pyogenes cuniculi (Leptothrix), 366 
pyogenes duodenalis (Streptococcus), 702 
pyogenes (equi) Corynebacterium, 391 
(pyogenes) equi roseum (Corynebacte- 
rium), 391 

pyogenes equi (Streptococcus), 317 
pyogenes filiformis (Bacillus (Lepto¬ 
thrix?)), 366 

pyogenes Jloccosus (Streptobacillus), 579 
pyogenes Joetidus (Bacillus), 534, 817 
pyogenes foetidus (Bacterium), 534 
pyogenes foetidus liquefaciens (Bacillus), 
656, 666 

pyogenes foetidus liquefaciens (Bacter¬ 
ium), 656, 666 

pyogenes gingivae (Bacillus), 657 
pyogenes haemolyticus (Streptococcus), 315 
pyogenes hominis (Streptococcus), 343 
pyogenes lentus (Streptococcus), 341 
pyogenes liquefaciens albus (Staphylo¬ 
coccus), 282 

pyogenes malignus (Streptococcus), 341 
pyogenes minuiissimum (Bacterium), 607 
pyogenes minutissimus (Bacillus), 607 
pyogenes nonhaemolyticus (Streptococ¬ 
cus), 343 

pyogenes salivarius (Staphylococcus), 258 
pyogenes sanguinarium (Bacterium), 520 
pyogenes soli (Bacillus), 666 
pyogenes suis (Bacillus), 388 
pyogenes suis (Bacterium), 388 
pyogenes tenuis (Micrococcus), 306, 307 
pyogenes tenuis (Staphylococcus), 282 
pyogenes ureae (Streptococcus), 344 
pyogenes vulgaris (Streptococcus), 345 
pyorrhoeica (Spirochaeta), 1069 
pyoseplica (Serratia), 484 
pyosepticum (Bacterium), 541 


pyosepticum equi (Bacterium), 541 
pyosepticum viscosum (Bacterium), 541 
pyosepticum (viscosum) equi (Bacterium), 
541 

pyosepticus (Bacillus), 541 
pyosepticus (Erythrobacillus), 10, 484 
pyosepticus (Micrococcus), 272 
pyosepticus (Staphylococcus), 272 
pyrameis I and II (Bacillus), 666 
pyraustae Nos. 1-7 (Bacterium), 685 
pyrenei (Bacillus), 761 
pyrenei No. 1, No. 2 and No. 3 (Bac¬ 
terium), 761 
pyri (Bacterium), 640 
pyri (Marmor), 1211 
pyri (Rimocortius), 1211 
pyriformis (Myxococcus), 1041 
pyrogenes (Leptospira), 1079 
pyrogenes (Spirochaeta), 1079 
pyrphoron (Heliconema), 1064 

quadrigeminus (Micrococcus), 273 
quadrigeminus (Staphylococcus), 273 
quads (Bacteriujn), 603 
quarta (Fractilinea), 1161 
quarlum (Eubacterium), 367 
quarlum (Marmor), 1161 
quaternus (Micrococcus), 273 
queenslandicnsis (Galla), 1168 
quercifolium (Bacterium), 752 
quercifolius (Bacillus), 752 
querquedulae (Treponema), 1076 
quintana (Fossilis), 1094 
quintana (Rickettsia), 1094, 1095 
quintum (Eubacterium), 367 

raabi (Terminosporus), 823 
rabida (Pacinia), 696 
rabiei (Encephalitozoon), 1264 
Rabula, 1284 

racemosa (Leptothrix), 366 
racemosa (Leptotrichia), 366 
racemosa (Zettnowia), 603 
racemosa vincenti (Leptothrix), 366 
racemosum (Bacterium), 603 
racemosum (Flavobacterium), 603 
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radians (Bacillus) y 667, 710 
radiala (Cornilia), 799 
radiata (Nocardia), 973 
radiata (Sarcina), 293 
radiatum (Bacterium), 685, 761 
radiatum (Flavobacterium), 441 
radiatus (Actinomyces), 973 
radiaius (Bacillus), 441, 613, 662, 799, 
826 

radiatus (Micrococcus), 273 
radiatus (Streptococcus), 273, 343 
radiatus (Streptothrix), 973 
radiatus anaerobius (Bacillus), 799 
radiatus aquatilis (Bacillus), 441, 613 
radiatus aquatilis (Bacterium), 613 
radicicola (Bacillus), 43, 224, 225 
radicicola (Bacterium), 224, 225 
radicicola (Pseudomonas), 225 
radicicola (Rhizomonas), 225 
radicicola var. liquejaciens (Bacillus), 
650 

radicicolum (Rhizobium), 225 
radiciperda (Bacterium), 141 
radiciperda (Pkytomonas), 141 
radiciperda (Pseudomonas), 141 
radicosum (Bacterium), 718 
radicosus (Bacillus), 718 
radiiformis (Bacillus), 566 
radiobacter (Achromobacter), 229 
radiobacter (Agrobacterium), 229, 230 
radiobacter (Alcaligenes), 229 
radiobacter (Bacillus), 229 
radiobacter (Bacterium), 229 
radiobacter (Rhizobiurn), 229 
radiosus (Micrococcus), 273 
raffinolactis (Streptococcus), 325 
raffinosaceum (Propionibacterium), 377 
raillieti (Spirockaeta), 1069 
Ramibacterium, 33, 34, 368 
ramificans (Bacillus), 667 
ramificans (Bacterium), 685 
ramigera (Zoogloea), 160 
ramosa (Cladothrix), 983 
ramosa (Nevskia), 830 
rawioso (Nocardia), 368 
ramosa (Pasteuria), 836 
ramosoides (Bacillus), 369 


ramosoides (Ramibacterium), 369 
ramosum (Pseudorhizobium), 225 
ramosum (Ramibacterium), 368 
ramosus (Actinomyces), 368 
ramosus (Bacillus), 368, 718, 801, 827 
ramosus (Fusiformis), 369 
ramosus liquejaciens (Bacillus), 715 
ranae (Mycobacterium), 883, 884 , 885, 
886, 887 

ranarum (Bartonella), 1108 

ranarum (Haemobartonella), 1108 

ranarum (Spirockaeta), 1069 

rancens (Acetobacter), 180,182, 184, 692 

rancens (Bacillus), 182 

rancens (Bacterium), 182 

rancens (Ulvina), 692 

rangiferinum (Bacterium), 685 

rangiferinum (Plocamobacterium), 685 

rangoon (Actinomyces), 911 

rangoonensis (Nocardia), 911 

ranicida (Bacillus), 102 

ranicida (Bacterium), 102 

ranicida (Salmonella), 532 

ranicola I and II (Mycobacterium), 890 

ranicula (Vibrio), 206 

raphani (Marmor), 1200 

rappini (Spirillum), 217 

rarerepertus (Bacillus), 752 

rarus (Bacillus), 752 

rasmusseni (Bacillus), 367 

rasmusseni (Bacteriopsis),Z^l 

Rasmussenia, 365 

rathay (Bacterium) ,ZQA 

rathayi (Aplanobacter), 394 

ratbayi (Corynebacterium), 394, 400 

rathayi (Phytomonas), 394 

rathonis (Achromobacter), 104 

rathonis (Pseudomonas), 104 

ratti (Streptothrix), 588, 972 

raveneli (Bacillus), 426 

ravenelii (Achromobacter), 426 

reading (Salmonella), 504 

readingensis (Salmonella), 493, 504 

reading var. kaapstad (Salmonella), 505 

rebellis (Neisseria) , 301 

Recordillus, 11, 763 

recta (Spirockaeta), 10^ 
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reclale (Eubactcrium), 367 
rectalis (Bacteroides), 367 
rectangulare (Sideroderma), 835 
recti (Alcaligenes), 415 
recti {Bacterium), 415 
recti physeteris (Spirillum), 217 
recticolens (Proteus), 491 
rectum (Treponema), 1069 
rectus (Hiblerillus), 822 
rectus (Injlabilis), 822 
recuperatus (Bacillus), 667 
recuperatus (Bacterium), 667 
recurrens (Scelus), 1236 
recurrentis (Borrelia), 1069, 1060, 1061, 
1062, 1065, 1067, 1069 
recurrentis (Cacospira), 1059 
recurrentis (Protomycctum), 1059 
recurrentis (Spirillum), 1059 
recurrentis (Spirochaeta), 1059 
recurrentis (Spironema), 1059 
recurrentis (Spiroschaudinnia), 1059 
recurrentis (Treponema), 1059 
reducana (Agarbacterium), 629 
reductans (Thermobacillus), 731 
reessii (Micrococcus), 273 
refractans (Achromobacter), 426 
refractans (Bacillus), 426 
refractans (Bacteriurn), 42Q 
refringens (Borrelia), 1063 
refringens (Spirochaeta), 1063 
refringens (Spironema), 1063 
refringens (Spiroschaudinnia), 1063 
refringens (Treponema), 1063 
regaudi (Spirella), 1069 
regaudi (Spirochaeta), 1069 
Reglillus, 11, 763 
regulare (Clostridium), 766 
regularis (Micrococcus), 273 
regularis fUiformis (Bacillus), 792 
reilenbachii (Lampropedia), 844 
reitenbackii (Merismopedium), 844 
reilenbachii (Pediococctts), 844 
reilenbachii (Sarcina), 844 
renale (Bacillus), 405 
renale (Bacterium), 388, 405 
renale (Corynebacterium), 388, 389 
renale (cuniculi) (Bacillus), 404, 405 


renale (cuniculi) (Bacterium), 405 
renale cuniculi (Corynebacterium), 388, 
405 

renalis (Bacillus), 388 
renalis bovis (Bacillus), 388 
renalis bovis (Corynebacterium), 3S8 
reniforme (Bacterium), 817 
reniformis (Bacillus), 817 
reniformis (Diplococcus), 300 
reniformis (Micrococcus), 300 
reniformis (Neisseria), 300 
rents (5arcina), 294 
repacis (Spirochaete), 1070 
repazii (Bacillus), 667 
repens (Achorion), 921 
repens (Actinomyces), 921 
repens (Bacillus), 752 
repens (Bacterium), bSb 
repens (Epidermophyion), 921 
repens (Lepocolla), 921 
repens (Marmor), 1189, 1192 
repens (Nocardia), 921 
reprimens (Borrelina), 1226 
reprimens (Morsus), 1154 
replans (Bacillus), 752 
replans (Granulobacter), 822 
reptilia (Treponema), 1076 
reptilivorouB (Pseudomonas), 92 
resinacea (Pseudomonas), 179 
resinaceus (Micrococcus), 21Z 
reslatus (Thermobacillus), 732 
restrictus (Proactirumyces), 923 
relaneus (Bacillus), 752 
reticulare (Achromobacter), 426 
reticularis (Bacillus), 426 
reticularis (Cladothrix), 983 
reticularis (Sphaerolilus), 983 
reiiculi (Actinomyces), 944 
reticuli (Streptomyces), 944 
reticulosa (Oallionella), 832 
re^tculus (Actinomyces), 945 
re/tcuiuS'ru6er (Actinomyces), 945 
reliformans (Bacterium), 685 
retiformis (Bacillus), 752 
rettgeri (Bacillus), 489 
rettgeri (Bacterium), 489 
rettgeri (Butyribacterium), 380 
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rettgeri (Eberthella), 489 
rettgeri (Proteus), 489 
rettgeri (Shigella), 489 
Rhabdochromatium, 7, 16, 853 
Rhabdomonas, 6, 23, 26, 863 
Rhagadascia, 13, 705 
rhamnoticus (Bacillxis), 772, 824 
rhapontica (Erwinia), 476 
rhapontica (Phytomonas), 475 
rhaponiicum (Aplanobacter), 475 
rhaponticum (Bacterium), 475 
rhenanus (Albococcus), 273 
rhenanus (Bacillus), 433 
rhenanus (Flavobacterium), 433 
rhenanus (Micrococcus), 273 
rheni (Bacillus), 433 
rheni (Micrococcus), 273 
rhesi (Grahamella), 1111 
rheumaticus (Diplococcus), 343 
rheumaticus (Micrococcus), 343 
rheumaticus (Streptococcus), 343 
rhinitis (Bacillus), 578 
rhinitis (Zuberella), 578 
rhinitis atrophicans (Bacillus), 667 
rhinitis atrophicans (Bacterium), 667 
rhinoceri (Treponema), 1076 
rhinopharyngeum (Treponema), 1076 
rhinoscleromatis (Bacillus), 459 
rhinoscleromatis (Bacterium), 459 
rhinoscleromatis (Klebsiella), 459 
Rhizobacterium, 223 

Rhizobium, 17, 20, 26, 29, 31, 223, 224 
rhizoctonia (Aplanobacter), 129 
rhizoctonia (Bacterium), 129 
rhizoctonia (Phytomonas), 129 
rhizoctonia (Pseudomonas), 129 
rhizogenes (Agrobacterium), 228 , 229 
rhizogenes (Bacterium), 228 
rhizogenes (Phytomonas), 228 
rhizogenes (Pseudomonas), 228 
Rkizomonas, 8, 223 
rhizopodicum (Bacterium), 685 
rhizopodicus margarineus (Bacillus), 685 
rkodnii (Actinomyces), 914 
rhodnii (Nocardia), 914 
Rhodobadllus, 16, 24, 25, 861 
Rhodobacterium, 16, 24, 26, 861 


Rhodocapsa, 16, 23, 25, 853 
rhodochrous (Bacillus), 696 
rhodochrous (Bacterium), 696 
rhodochrous (Micrococcus), 246, 696 
rhodochrous (Rhodococcus), 8, 245 
Rhodococcus, 8, 16, 25, 29, 31, 34, 235, 
861 

Rhodocystis, 16, 24, 26, 861 
Rhododictyon, 8, 845 
rhodomelae (Bacterium), 626 
rhodomelae (Flavobacterium), 626 
Rhodomonas, 8, 29, 30, 856, 861 
Rhodonostoc, 16, 24, 25, 861 
Rhodopolycoccus, 8, 850 
Rhodopseudomonas, 861, 864 
Rhodopseudomonas No. 0 and 16, 862, 
863 

Rhodorrhagus, 861 
Rhodosarcina, 8,842 
Rhodosphaera, 24, 861 
Rhodospirillum, 16, 24 , 25 , 29, 853 , 866 
Rhodothece, 16, 23, 25, 856 
Rhodothiosarcina, 842 
Rhodothiospirillum, 850 
Rhodovibrio, 16, 24, 25, 29, 861 
rhusiopathiae (Bacterium), 410 
rhusiopathiae (Erysipelothrix), 410 
rhusiopathiae (Mycobacterium), 410 
rhusiopathiae suis (Bacillus), 410 
rhusiopathiae suis (Bacterium), 410 
rhytidosporum (Stilbum), 1037 
ribberti (Bacterium), 402 
ribeyro (Actinomyces), 917 
ribis (Acrogenus), 1203 
ribojlavinus (Pseudomonas), 700 
richmond (Salmonella), 512 
ricini (Bacterium), 161 
ricini (Phytomoruts), 137 
ricini (Xanthomonas), 161 
ricinicola (Bacterium), 161 
ricinicola (Phytomonas), 161 
ricinicola (Xanthomonas), 161, 1136 
rickettsi (Dermacentroxenus), 1087 
Rickettsia, 37, 1084 

rickettsii (Rickettsia), 1087, 1088, 1089, 
1090, 1096 
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rick-rose 


rickeilsi var. brasiliensis '{Dermacentro- 
xenus), 1087 

rickettsi var. conori {Dermacenlroxenus), 
1088 

rickettsi var. pijperi (Deniiacentroxenus), 
1088 

rickettsiformis (Bacillus), 1098 
Rickeltsoides, 1092 
ridleyi (Micrococcus), 273 
rigense (Flavobacterium), 430 
rigensis (Vibrio), 206 
rigidum (Treponema), 1076 
rigidus (Bacillus), 575 
rigidus (Bacteroides), 575 
rigidus apis (Bacillus), 667 
rimaefaciens (Pseudomonas), 123 
Kimocortius, 1208, 1209 
rindjleischii (Streptococcus), 343 
Ristella, 32, 33, 34, 676,577 
rivierei (Actinomyces), 921 
rivierei (Discomyces), 921 
rivierei (Nocardia), 921 
rivierei (Oospora), 921 
Rivoltillus, 11, 763 
Rohertsonillus, 11, 763 
robioiac (Chlorogenus), 1160 
robustus (Bacillus), 732, 752 
robur (Bacillus), 716 
rochalimae (Rickettsia), 1096, 1097 
rocha-limai (Bartonella), 1108 
rocha-limai (Haemobartonella), 1108 
Todellae (Actinomyces), 917 
rodentium (Corynebacterium), 550 
rodonatum (Achromobacler), 426 
rodonatus (Bacillus), 426 
rodonatus (Bacterium), 426 
rogerii (Bacillus), 667 
rogersi (Discomyces), 976 
rogersi (Nocardia), 976 
rogersi (Nocardia) (Cohnislreptothrix), 
976 

rogersii (Actirwmyces), 976 
rosacea (Pseudomonas), 148 
rosacea (Sarcina), 293 
rosaceum (Bacterium), 667 
rosaceus (Actinomyces), 973 
rosaceus (Bacillus), 667 


rosaceus (Micrococcus), 273 
rosaceus (Rhodococcus), 273 
rosaceus lactis (Micrococcus), 273 
rosaceus margarinicus (Bacillus), 667 
rosaceus metalloides (Bacillus), 148, 667 
rosaceus metalloides (Bacterium), 148, 
667 

rosae (Marmor), 1194 
Tosafiuorescens (Bacillus), 601 
Tosafiuorescens (Bacterium), 601 
roscidur (Micrococcus), 261 
roscidus (Micrococcus), 273 
rosea (Bacloderma), 76 
rosea (Lampropedia), 843 
rosea (Merisnwpedia), 244 
rosea (Microloa), 845 
rosea (Neisseria), 244 
rosea (Nocardia), 937 
rosea (Pseudomonas), 149, 854 
rosea (Rhabdomonas), 864 , 855 
rosea (Rhodothiosarcina), 843 
roseo (Sarcina), 293, 842 
rosea (Serralia), 602 
rosea (Thiopedia), 843 
rosea (Thiosarcina), 842 
rosenbachi (Discomyces), 411 
rosen6ac^i (Nocardia), 411 
rosenbachi (Oospora), 411 
rosenbachii (Actinomyces), 411 
rosenbachii (Micrococcus), 307 
rosenbachii (Streptothrix), 411 
rosenbergii (Spirillum), 852 
rosenbergii (Thiospirillum), 862 
rosenthalii (Bacillus), 667 
roseo-alba (Serratia), 76 
roseo-album (Nitrobacter), 76 
roseochromogenus (Actinomyces), 937 
roseochromogenus (Streptomyces), 937 
roseodiastalicus (Actinomyces), 939, 973 
roseofulvus (^icrococct^s), 244, 282 
roseofulvus (Rhodococcus), 244 
roseola (Pseudomonas), 700 
roseo-persicina (Beggiatoa), 289, 853, 
864 

roseo-persicina (Clathrocystis), 848 
roseo-persicina (CoAnta), 848 
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roseopersicina (Lamprocystis), 848» 859 
Toseo-yersicina {Planosarcina)^ 848 
roseopersicina (Thiocapsa), 845 
roseo-'persicinus {Micrococcus)y 273 
roseo-persicinus {Pleurococcus), 848 
roseO‘per$icinus (Protococcus), 848 
rosetlaceiis (Micrococcus), 274 
rosettae (Carpophthora), 1162 
rosetlae (Chlorogenus), 1152 
rosettae (Nanus), 1152 
roseum (Acetobacter), 183, 184 
roseum (Amoebobacter), 849 
roseum (Bacterium), 685 
roseum (Clostridium), 805 
roseum (Halibacterium), 667 
roseum (Pelochromatium), 859 
roseum (Rhabdochromatium), 854 
roseum (Thioderma), 849, 858 
roseus (Actinomyces), 937, 973 
roseus (Bacillus), 667, 685, 709 
roseus (Cryptococcus), 848 

I 

roseus (Diplococcus), 244 
roseus (Z)iscomi/ces), 973 
roseus (Gluconoacetobacter), 694 
roseus (Micrococcus), 244, 255, 258, 259, 
262, 263, 265, 271, 273, 274, 276, 277, 
279, 282 

roseus (Pediococcus), 843 

roseus (Planococcus), 843 

roseus (Rhodococcus), 8, 244 

roseus (Sphaerotilus), 983 

roseus (Staphylococcus), 282 

roseus fischeri (Bacillus), 667 

roseus fluorescens (Bacillus), 645 

roseus vini (Bacillus), 149 

rossi (Borrelia), 1060 

rossi (Spirochaela), 1060 

rossi (Treponema), 1060 

rossica (Cellulomonas), 618, 622 

rossicus (Bacillus), 622 

rosst'eus var. castaneus (Bacillus), 622 

rossii (Endosporus), 803 

rossii (Spiroschaudinnia) , 1060 

rostockensis (Salmonella), 493, 518 

rolans (Bacillus), 728 

ru&ea (Nocardia), 976 

ru6e/actens (Bacillus), 640 


rubefaciens (Bacterium), 640 
rubefaciens (Chromobacterium), 640 
rubefaciens (Erythrobacillus), 640 
rubefaciens (Phytomonas), 640 
rubefaciens (Serratia), 640 
rubellum (Clostridium), 817 
rubellus (Bacillus), 817 
rubellus (Micrococcus), 274 
rubens (Micrococcus), 244 
rubentschickii (Desufovibrio), 208 
rubentschickii (Vibrio), 208 
rubeolae (Diplococcus), 310 
ruber (Actinomxjces), 917, 946 
ru6er (Bacillus), 481, 484, 752 
ruber (Chromobacierium), 752 
ruber (Discomyces), 917 
ruber (Erythrobacillus), 481, 752 
ruber (Micrococcus), 244, 850 
ruber (Mycococcus), 891 
ruber (Myxococcus), 1041 
ru6er (Proactinomyces), 905 
ruber (Rhodococcus), 244 
ruber (Streptococcus), 343 
ruber (Streptomyces), 946 
ruber (Thermobacillus), 734 
ruber (Thiopolycoccus), 850 
ru6er aquatilis (Badllus), 667 
ruber aquatilis (Bacterium), 667 
ru5er halticus (Bacillus), 482, 483 
ruber balticus (Bacterium), 482, 483 
ru6er berolinensis (Bacillus), 650 
ruber berolinensis (Bacterium), 650 
ruber indicus (Bacillus), 481 
ruber indicus (Bacterium), 481 
ruber ovalus (Bacillus), 683 
ruber sardinae (Bacillus), 483 
ruber sardinae (Bacterium), 483 
rubescens (BacilliLs), 654, 667 
rubcscens (Bacterium), 667, 848 
rubescens (Lankasteron), 848 
rubescens (Micrococcus), 244, 277 
rubescens (Myxococcus), 1041 
rubescens (Streptomyces), 966 
rufrescens (Streptoihrix), 956 
rubi (Agrobacterium), 229 
rubt (Bacterium), 229 
rubi (Corium), 1206 
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rubi-rump 


rubi (Marmor), 1196 
rubi {Phylomonas) y 229 
rubi {Pseudomonas)y 229 
rubi var. beta (Corium), 1205 
rubicola {Pseudomonas)y 700 
ruhicundus {Vibrio), 206 
rubida {Serratia), 641 
rubidaea {Serralia), 484 
rubidaeum {Bacterium), 484 
rubidaureus {Actinomyces), 917 
rubidum (Bacterium), 641 
rubidus {Bacillus), 641 
rubidus lactis {Micrococcus), 274 
rubiformis {Bacillus), 667 
rubigenosum {Bacterium), 685 
rubigenosus {Bacillus), 685 
rubigenosus {Micrococcus), 274 
rubiginosum (Marmor), 1196 
rubiginosus {Bacillus), 667 
rubiginosus {Streptococcus), 274, 343 
rubislaw {Salmonella), 526 
ruboris suis {Bacillus), 410 
ruborum (Corium), 1206 
ru6ra {Cladothrix), 917 
rubra (Cytophaga), 1013 
rubra (Nocardia), 893, 906, 917 
rubra {Oospora), 976 
rubra (5arcina), 293 
rubra {Serratia), 752 
rubra {Streptothriz), 904, 917 
rubri var. alpha {Corium), 1205 
rubrica {Serratia), 644 
rubricum {Chromobacterium), 644 
rubricus (Bacillus), 644 
rubricus {Erythrobacillus), 644 
rubrilineans {Bacterium), 154 
rubrilineans {PhyUmonaa), 154 
rubrilineana {Paeudomonaa), 154 
rubrilineans (Xanthomonas), 164 
rubrireticuli (Streptomyces), 946 
rubriaubalbricana {Bacterium), 170 
rxibriaubalbicana {Phytomonaa), 170 
rubrisubalbicans (Xanthomonas), 170 
rubrofuacum {Halibtictcrium), 667 
rubrofuacua {Bacillus), 667 
rubropcrtincta (Nocardia), 904 
rubropertincta {Serralia), 905 


rubroperlincius {Bacillus), 392, 904 
rubropertinctus {Mtjcobacteriu7n), 904 
rubroperlincius {Proactinomyces), 904 
rubrum {Bacillus), 685 
rubrum {Bacterium), 685, 686, 905 
rubrum {Mycobacterium), 890, 905 
rubrum {Plocamobacterium), 691 
rubrum (Propionibacterium), 374, 375, 
377 

rubrum (Protaminobacter), 190 

rubrum (Rhodospirillum), 853, 867, 868 

rubrum {Semicloslridium), 762 

rubrum {Spirillum), 632, 867 

rubrum {Thioderma), 850 

rubus {B(u:illus), 667 

rudensis {Bacillus), 357, 359 

Tudensis {Lactobacillus), 359 

rudis {Bacillus), 744 

ruedigeri {Bacillus), 406 

ruedigeri {Corynebaclerium), 405 

Tufa {Serratia), 644 

rufa (Thiocystis), 847 

rufescens {Bacillus), 739, 752 

Tujulus {Bacillus), 752 

rufum {Spirillum), 852 

rufum (Thiospirillum), 862 

rufus (Bacillus), 644 

rufus {Erythrobacillus), 644 

Ruga, 1218 

rugalus {Micrococcus), 21^ 
rugosa (Pseudomonas), 104, 700 
rugosum {Achromobacter), 426 
rugosum {Bacterium), 426, 700, 758 
rugosus {Bacillus), 104, 426, 752 
rugosus {Micrococcus), 274 
rugosus {Streptococcus), 343 
rugosus ureae {Streptococcus), 343 
rugula {Spirillum), 217 
rugula {Vibrio), 217 
rugulosus {Bacillia), 752 
ruminantium (Cowdria), 1094 
ruminantium {Hemophilus), 591 
ruminantium {Micrococcus), 274 
ruminantium {Rickettsia), 1094 
ruminantium {Rickettsia) {Covodria), 1094 
ruminatus {Bacillus), 714, 761 
rumpel {Vibrio), 703 
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riiskmorei (Micrococcus), 274 
russii (Bacteroides), 580 
rusticum (Bacterium), 761 
rutgersensis (Actinomyces), 952 
rutgersensis (Streptomyces), 952 
rutilescens (Bacillus), 485 
rutilescens (Erytkrobacillus), 485 
rutilescens (Serratia), 485 
rutilis (Bacillus), 485 
rutilis (Erytkrobacillus), 485 
rutilis (Serratia), 485 

sabouraudi (Bacillus), 387 
saccatus (Micrococcus), 275 
sacchari (Bacillus), 163, 478, 753 
sacchari (Erwinia), 478 
sacchari (Marmor), 1183 
sacchari (Nanus), 1208 
sacchariphilum (Bacterium), 762 
saccharO'acetohutylicum (Clostridium), 
781, 825 

saccharo-acetobutylicum-alpha (Clostrid¬ 
ium), 781, 825 

saccharo-acetobutylicum-beta (Clostrid¬ 
ium), 781, 825 

saccharo-acetobutiylicum-gamma (Clostrid¬ 
ium), 781 

Saccharobacillus, 349 
Saccharobacter, 705 
Saccharobacterium, 623 
saccharobutyl - acetonicum (Clostridium), 
781, 825 

sacckarobutylicum beta (Clostridium), 
781 

sacckarobutylicum gamma (Clostridium), 
781, 825 

saccharobutyl - isopropyl - acetonicum 
(Clostridium), 781 

sacckarobuiyricum (Clostridium), 771, 
824 

sacckarobutyricum (Gramilobacter), 771, 
824 

sacckarobutyricum gamma (Clostridium), 
781 

sacckarobutyricum liquefaciens (Clostrid¬ 
ium), 790 


saccharobutyricus (Amylobacler), 771 
saccharobutyricus (Bacillus), 771, 786, 
824 

saccharobutyricus immobilis liquefaciens 
(Granulobacillus), 790, 826 
saccharobutyricus immobile nonliquefa- 
ciens (Granulobacter), 772, 824 
saccharobutyricus liquefaciens (Bacillus), 
781, 825 

saccharobutyricus mobilis (Bacillus), 111 
saccharobutyricus mobilis non-liquefa- 
dens (Granulobacillus), 771, 824 
saccharofermentans (Bacillus), 817 
saccharogenes (Bacillus), 817 
saccharolactis (StreptococciLs), 325 
saccharolytica (Botulinea), 22 
saccharolyticum (Clostridium), 786 
saccharolyticus (Bacillus), 753 
saccharopetum (Clostridium), 772, 824 
saccharophile (Pseudomonas) (Hydro- 
genomonas), 149 

sacckarophilicum (Clostridium), 772, 824 
saccharopostulatum (Clostridiuin), 772, 
824 

saccharum (Badllus), 478 
saccobranchi (Bacillus), 753 
sadowa (Myerillus), 823 
saharae (Actinomyces), 973 
saint paul (Salmonella), 504 
saipan (Salmonella), 532 
sake (Lactobacillus), 363 
salidnovorum (Aerobacter), 457 
salidperda (Bacterium), 144 
salidperda (Phytomonas), 144 
saliciperda (Pseudomonas), 144 
salicis (Bacterium), 466 
salicis (Erwinia), 466 
solids (Phytomonas), 466 
salina (Leptospira), 1079 
salinaria (Pseudomonas), 110, 442 
salinaria (Serratia), 110 
salinarium (Flavobacterium) (Halobac- 
terium), 110 

salinatis (Salmonella), 504 
salivae (Bacterium), 686 
salivae minutissimus (Bacillus), 686 
salivae minutissimus (Bacterium), 686 
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salivalis septicus (Micrococcus), 274 
salivaris (Klebsiella), 306 
salivarium (Bacterium), 307 
salivarius (Micrococcus), 275 
salivarius (Staphylococcus), 282 
salivarius (Streptococcus), 320, 322, 
338, 342 

salivarius brevis (Streptococcus), 343 
salivarius pyogenes (Micrococcus), 258 
salivarius pyogenes (SlaphylococciLs), 257 
salivarius septicus (Bacillus), 306 
salivarius septicus (Coccus), 275 
salivarius-septicus (Micrococcus), 275 
salivarius septicus felis (Bacillus), 553 
salivarius tenuis (Streptococcus), 343 
Salmonella, 10, 17, 21, 26, 31, 37, 43, 461, 
492, 494, 508, 516, 523, 530, 531, 552 
Salmonella sp. (Type Aberdeen), 499, 
526 

Salmonella sp. (Type Abony), 495, 602 
Salmonella sp. (Type Adelaide), 500, 630 
Salmonella sp. (Type Altendorf), 495, 
606 

Salmonella sp. (Type Amager), 498, 624 
Salmonella sp, (Type Amersfoort), 496, 
611 

Salmonella sp. (Type Amherst), 497, 616 
Salmonella sp. (Type Arechavaleta), 
496, 606 

Salmonella sp. (Type Arizona), 462 
Salmonella sp. (Type Ballerup), 500, 
629 

Salmonella sp. (Type Bareilly), 496, 611 
Salmonella sp. (Type Berlin) (Type 
Thompson), 610 

Salmonella sp. (Type Berta), 497, 618 
Salmonella sp. (Type Bispebjerg), 495, 

606 

Salmonella sp. (Type Blegdam), 497, 618 
Salmonella sp. (Type Borbeck), 499, 672 
Salmonella sp. (Type Braenderup), 496, 

Salmonella sp. (Type Brandenburg), 
496, 606 

Salmonella sp. (Type Bredeney), 496, 
607 


Salmonella sp. (Type Budapest), 495, 
506 

Salmonella sp. (Type Buenos Aires), 
497, 514 

Salmonella sp. (Type Butantan), 499, 
524 

Salmonella sp. (Type California), 495, 
606 

Salmonella sp. (Type Canastel), 498, 621 
Salmonella sp. (Type Cardiff), 496, 612 
Salmonella sp. (Type Carrau), 500, 628 
Salmonella sp. (Type Cerro), 500, 629 
Salmonella sp. (Type Champaign), 500, 
530 

Salmonella sp. (Type Chester), 495, 604 
Salmonella sp. (Type Claiborne), 497, 
618 

Salmonella sp. (Type Concord), 496, 612 
Salmonella sp. (Type Cuba), 499, 627 
Salmonella sp. (Type Dar es Salaam), 
498, 679 

Salmonella sp. (Dar es salaam type var. 

from Arizona.), 462 
Salmonella sp. (Type Daytona), 496, 

613 

Salmonella sp. (Type Derby), 495, 606 
Salmonella sp. (Type Dublin), 497, 617 
Salmonella sp. (Type Duesseldorf), 497, 

614 

Salmonella sp. (Type Durban), 497, 619 
Salmonella sp. (Type Eastbourne), 498, 

619 

Salmonella sp. (Type Essen), 495, 606 
Salmonella sp. (Type Florida), 500, 628 
Salmonella sp. (Type Gaminara), 500, 
629 

Salmonella sp. (Type Gatun), 497, 616 
Salmonella sp. (Type Georgia), 496, 612 
Salmonella sp. (Type Give), 498, 622 
Salmonella sp. (Type Glostrup), 497, 614 
Salmonella sp. (Type Goettingen), 498, 

620 

Salmonella sp. (Type Grumpy), 499, 627 
Salmonella sp. (Type Hartford), 496, 
611 

Salmonella sp. (Type Havana), 499, 627 
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Salmonella sp. (Type Heidelberg), 495, 

504 

Salmonella sp. (Type Heves), 499, 528 
Salmonella sp. (Type Hormaeche), 500, 

529 

Salmonella sp. (Type Hvittingfoss), 500, 
628 

Salmonella sp. (Type Illinois), 499, 625 
Salmonella sp. (Type Infantis), 496, 612 
Salmonella sp. (Type Inverness), 500, 

530 

Salmonella sp. (Type Italia), 498 , 622 
Salmonella sp. (Type Java), 498, 620 
Salmonella sp. (Type Kaapstad), 495, 
605 

Salmonella sp. (Type Kaposvar), 495, 

505 

Salmonella sp. (Type Kentucky), 499, 
626 

Salmonella sp. (Type Kirkee), 500, 629 
Salmonella sp. (Type Koln), 495, 603 
Salmonella sp. (Type Kottbus), 497, 613 
Salmonella sp. (Type Lexington), 498, 
524 

Salmonella sp. (Type Litchfield), 497, 
614 

Salmonella sp. (Type Loma Linda), 498, 
622 

Salmonella sp. (Type London), 498, 622 
Salmonella sp. (Type Madelia), 500, 628 
Salmonella sp. (Type Manhattan), 497, 
614 

Salmonella sp. (Type Marseille), 409, 626 
Salmonella sp. (Type Meleagris), 498, 
623 

Salmonella sp. (Type Miami), 497, 619 
Salmonella sp. (Type Mikawasima), 
496, 611 

Salmonella sp. (Type Minnesota), 500, 
629 

Salmonella sp. (Type Mississippi), 499, 
627 

Salmonella sp. (Type Montevideo), 496, 
510 

Salmonella sp. (Type Moscow), 497, 618 
Salmonella sp. (Type Muenchen), 497, 

613 


Salmonella sp. (Type Muenster), 498, 
623 

Salmonella sp. (Type Napoli), 498, 622 
Salmonella sp. (Type Narashino), 497, 
614 

Salmonella sp. (Type New Brunswick), 

499, 526 

Salmonella sp. (Type Newington), 499, 
524 

Salmonella sp. (Type Newport), 497, 613 
Salmonella sp. (Type New York), 498, 
622 

Salmonella sp. (Type Niloese), 499, 626 
Salmonella sp. (Type Nyborg), 498, 623 
Salmonella sp. (Type Onarimon), 497, 
619 

Salmonella sp. (Type Onderstepoort), 

500, 528 

Salmonella sp. (Type Oranienburg), 496, 
510 

Salmonella sp. {Type Oregon), 497, 513 
Salmonella sp. (Type Orient), 500, 628 
Salmonella sp. (Type Orion), 499, 624 
Salmonella sp. (Type Oslo), 496, 611 
Salmonella sp. (Type Panama), 498, 619 
Salmonella sp. (Type Papua), 496, 612 
Salmonella sp. (Type Pensacola), 497, 
618 

Salmonella sp. (Type Pomona), 500, 629 
Salmonella sp. (Type Poona), 499, 627 
Salmonella sp. (Type Potsdam), 496, 611 
Salmonella sp. (Type Pretoria), 499, 626 
Salmonella sp. (Type Pueris), 497, 613 
Salmonella sp. {Type Puerto Rico), 513 
Salmonella sp. (Type Reading), 495, 604 
Salmonella sp. (Type Richmond), 496, 
612 

Salmonella sp. (Type Rostock), 497, 617 
Salmonella sp. (Type Rubislaw), 499, 
526 

Salmonella sp. (Type St. Lucie), 499, 626 
Salmonella sp. (Type Saint Paul), 495, 
504 

Salmonella sp. (Type Salinas), 495, 604 
Salmonella sp. (Type San Diego), 495, 

604 
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Salmonella sp. (Type Schleissheim), 
496, 607 

Salmonella sp. (Type Schwarzengrund), 
496, 607 

Salmonella sp. (Type Selandia), 499, 626 
Salmonella sp. (Type Sendai), 497, 618 
Salmonella sp. (Type Senegal), 499, 626 
Salmonella sp. (Type Senftenberg), 499, 
626 

Salmonella sp. (Type Shangani), 498, 
624 

Salmonella sp. (Type Simsbury), 499, 
626 

Salmonella sp. (Type Solt), 499, 626 
Salmonella sp. (Type Stanley), 495, 603 
Salmonella sp. (Type Sundsvall), 500,528 
Salmonella sp. (Type Szentes), 500, 629 
Salmonella sp. (Type Taksony), 499, 
626 

Salmonella sp. (Type Tallahassee), 497, 
614 

Salmonella sp. (Type Tel Aviv), 500, 629 
Salmonella sp. (Type Tennessee), 496, 
612 

Salmonella sp. (Type Texas), 495, 606 
Salmonella sp. (T 3 rpe Thompson), 496, 
610 

Salmonella sp. (Type Uganda), 498, 522 
Salmonella sp. (Type Urbana), 500, 630 
Salmonella sp. (Type Vejle), 498, 623 
Salmonella sp. (Type Venezia), 499, 626 
Salmonella sp. (Type Virchow), 496, 611 
Salmonella sp. (Type Virginia), 497, 616 
Salmonella sp. (Type Weltevreden) 

498, 624 

Salmonella sp. (Type Wichita), 499, 627 
Salmonella sp. (Type Worthington), 

499, 627 

Salmonella sp. (Type Zagreb), 496, 604 
Salmonella sp, (Typo Zanzibar), 498, 624 
Salmonella auipeslifer (American vari¬ 
ety), 608 

Salmonella auipeatifer (European vari¬ 
ety), 609 

Salmonella thompson var. berlin, 610 
Salmonella Typ. Holstein, 631 
Salmonella var. concord, 512 


Salmonella var. orion, 524 
salmoneus (Bacillus), 668 
sahnoneus (Bacterium), 668 
salmoni (Bacillus), 508 
salmoni (Pasteurella), 508 
salmonica (Bacterium), 686 
salmonicida (Bacillus), 680 
salmonicida (Bacteriurn), 671, 686 
salmonicolor (Actinomyces), 973 
salmonicolor (Flavobacterium), 904 
salmonicolor (Mycobacterium), 904 
salmonicolor (Nocardia), 904 
salmonicolor (Proactinomyces), 904 
salopium (Achromobacler), 105 
salopium (Pseudomonas), 105 
saluiarius (Bacillus), 668 
salvati (Actinomyces), 917 
sambharianus (Serratia), 110 
samesii (Planosarcina), 290, 291 
samesii (Sarcina), 291 
sampsonii (Actinomyces), 973 
san diego (Salmonella), 504 
sanfelicei (Actinomyces), 921 
sanjelicei (Bacillus), 821 
sanfelicei (Nocardia), 921 
sanguicole (Inflabilis), 821 
sanguinaria (Eberthella), 620 
sanguinarium (Bacterium), 520 
sanguinea (Ophidiomonas), 852 
sanguineum (Propionihacterium), 379 
sanguineum (Spirillum), 852 
sanguineum (Thiospirillum), 851, 862 
sanguineus (Bacillus), 668 
sanguineus (Streptococcus), 343 
sanguinis (Actinomyces), 973 
sanguinis (Bacterium), 686 
sanguinis (Streptococcus), 343 
sar^uinis canis (Streptococcus), 343 
sanguinis typhi (Bacillus), 686 
sanguinis typhi (Bacterium), 686 
sanguis (Streptococcus), 343 
sanii (Grahamella), 1111 
sanninii (Actinomyces), 973 
sanninii (Streplothrix), 93*1 
santali (Chlorogenus), 1149 
santali (Marmor), 1198 
sanliagensis (Bacillus), 753 
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sapolactica (Pseudomonas), 149 
sapolacticum (Bacterium), 149 
saponaceus (Bacillus), 668 
saprogenes (Bacillus), 668, 753, 782, 817 
saprogenes (Bacterium), 668 
saprogenes (Lactobacillus), 363 
saprogenes (Plectridium), 782 
saprogenes (Streptococcus), 344 
saprogenes 1 (Bacillus), 668 
saprogenes 2 (Bacillus), 670 
saprogenes I, II, III (Bacillus), 753, 782, 
817 

saprogenes carnis (Bacillus), 782, 825 
saprogenes intestinalis (Bacillus), 817 
saprogenes vini I (Bacillus), 672 
saprogenes vini II (Bacillus), 672 
saprogenes vini III (Bacillus), 753 
saprogenes vini IV (Bacillus), 638 
saprogenes vini V (Bacillus), 654 
saprogenes vini VI (Bacillus), 668, 753 
saprogenes vini I (Micrococcus), 280 
saprogenes vini II (Micrococcus), 345 
Sapromyces, 1294 

saprophiles (Microspira), 202, 203, 206 
saprophiles (Vibrio), 203 
saprophiles a (Vibrio), 202 
saprophiles /3 (Vibrio), 202 
saprophiles y (Spirillum), 202 
saprophiles y (Vibrio), 202 
saprophytica (Nocardia), 97Q 
saprophyticus (Actinomyces), 934, 977 
saprophyticus (Bacillus), 817 
saprophyticus (Streptococcus), 337, 344 
saprophyticus var. cromogenus (Actino¬ 
myces), 977 

Saprospira, 19, 20, 26, 28,1054 
saprotozicum (Clostridium), 817 
saprotoxicus (Bacillus), 817 
sarcemphysematodes hominis (Bacillus), 
821 

Sarcina, 13, 14, 15, 17, 19, 21, 25, 27, 29, 
31, 33, 42, 249, 286 
sarcinaeformis (Pediococcus), 250 
sarcinoides (Micrococcus), 274 
sarcinoides (Nitrocystis), 76 
sarcoempkysematodes (Clostridium), 821 


sarcoemphysematodes hominis (Bacillus), 
817 

sarcophysematos (Bacillus), 775, 776 
sarcophysematos bovis (Bacillus), 775 
sarcophysematos bovis (Clostridium), 775 
sarcophysematosi (Bacillus), 776 
sardinae (Bacillus), 483 
sardiniensis (Clostridium), 821 
sardous (Bacillus), 362 
sardum miciurati (Bacterium), 362 
sarracenicolus (Bacillus), 668 
sartagoformum (Clostridium), 793 
sarioryi (Actinomyces), 917 
satellitis (Bacillus), 817 
satellitis (Infiabilis), 817 
sauromali (Bacterium), 461 
savastanoi (Bacterium), 132 
savastanoi (Phytomonas), 132 
savastanoi (Pseudomonas), 132, 133 
savastanoi var. fraxini (Bacterium), 132 
savastanoi vb.t. fraxini (Phytomonas), 132 
savastanoi var. fraxini (Pseudomonas), 
132 

savastanoi var. nerii (Pseudomonas), 
132 

Savoia, 1221 

saxicavae (Crislispira), 1057 
saxicavae (Spirochaeta), 1057 
saxkoebing (Leptospira), 1079 
s. b. e. (Streptococcus), 343 
scaber (Bacillus), 753 
scaber (Tyrothrix), 753 
scabiegena (Envinia), 478 
scabiegenum (Bacterium), 478 
scabiegenus (Bacillus), 478 
scabies (Actinomyces), 43, 957, 977 
scabies (Oospora), 957 
scabies (Streptomyces), 967 
scariosus (Micrococcus), 275 
scarlatinas (Bacillus), 668 
scarlaiinae (Micrococcus), 315 
scarlatinas (Streptococcus), 315 
scarlaiinae (Sireptus), 14, 315 
scarlaiinae (Syzygiococcus), 304 
scarlaiinae sanguinis (Diplococcus), 301, 

336 j 

scarlatinosa (Perroncitoa), 275 
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scar/o/iTiosus {Micrococcus) ^ 275 
icarlalinits {Micrococcus) ^ 275 
sccdologenes {Bacillus)^ 817 
scelestus (Erro), 1251 
Scelus, 1234 

sckafferi {Bacillus) y 445, 450 
schafferi {Baclerium)^ 445, 450 
sckafferi {Escherichia), 445, 450 
schaudinni {Planosarcina), 293 
schaudinni {Sarcina), 293 
schaudinni {Spirochaeta), 1063 
schaudinni {Spiroschaudinnia), 1063 
schaudinni {Treponema), 1063 
Schaudinnum, 12, 13, 705 
scheurleni {Bacillus), 743 
schirokikhi {Bacilltts), 754 
sehirokikhi {Bacterium), 442 
schirokikhii {Flavobacterium), 442 
sckizobacteroides {Nitrosogloea), 73 
schleissheim {Salmonella), 507 
SchleroihHx, 12, 14, 876 
Schmidlea, 870 
sclimidlei (Thioploca), 994 
schmidli {Streptococcus), 344 
schmitzii {Bacterium), 536 
schmitzii {Shigella), ^6 
schotlelii {Bacillus), 753 
schottelii {Bacterium), 753 
shottmuelleri (Salmonella), 62, 495, 501, 
530 


schottmiUleri {Bacillus), 601 
schoitmUlleri {Bacterium), 601 
schottmiUleri var. alvei {Salmonella), 632 
schroeteri (Sorangium), 1021 
schroeteri {Spirillum), 1054 
schroeteri {Spirochaete), 1054 
Sckuetzia, 312 

schuezenbachii (Bacterium), 187 
schUffneri {Bacterium), 686 
schau {Streptococcus), 317 
schatzenbergii {Bacillus), 691 
schUtzenbergii I and // (Urobacillus), 691 
sckuylkilliensis {Aerobacillus), 722 
schuylkilliensis {Microspira), 106 
schuylkilliensis (Pseudomonas), 93, 700 
schuylkilliensis {Vibrio), 106 
^ schuylkilliensis ftuorescens {Bacillus), 93 


schwarzenbeck {Streptococcus), 332 
schwarzengrund {Salmonella), 507 
scillearum (Manner), 1184 
ecissa (Pseudomonas), 97, 700 
scissus {Bacillus), 97 
scissus {Bacterium), 700 
sciuri (Haemobartonella), 1107 
sclavoei {Endosporus), 804 
sclavoi {Bacillus), 804 
sclavoi {Clostridium), 804 
scoticus {Bacillus), 668 
scoticus (Erro), 1248 
secales {Bacillus), 457 
secretum (Marmor), 1198 
secundarius (Phagus), 1132 
secundum {Clostridium), 821 
secundus {Bacillus), 668 
securuius fullesi {Bacillus), 668 
secundus fullesi {Bacterium), 668 
sedentarius {Micrococcus), 696 
sedimenteus {Micrococcus), 696 
segetalis {Bacillus), 753 
segmeniosum {Corynebacterium), 406 
segmentosus {Bacillus), 406 
segnis (Pseudomonas), 177 
seiferli {Streptococcus), 344 
selachii {Treponema), 1076 
selandia {Salmonella), 525 
selenicus {Micrococcus), 275 
Selenomonas, 218 
Semiclostridium, 705 
seminum {Bacterium), 138 
seminum {Phytomonas), 138 
seminum (Pseudomonas), 138 
sempervivum {Bacterium), 765, 761 
sendai {Salmonella), 493, 518 
sendaiensis {Salmonella), 518 
Senegal {Salmonella), 526 
senftenberg {Salmonella), 625 
senftenbergensis {Salmonella), 625 
sensibilis {Micrococcus), 275 
sensitiva (Cytophaga), 1016 
sepedonica {Phytomonas), 393 
sepedonicum {Aplanobacter), 393 
sepedonicum {Bacterium), 393 
sepedonicum (Corynebacterium), 393 
sepiae {Photobacterium), 637 
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sepiola (Coccobacillus), 702 
septatum {Bacterium), 401 
septatuni (Polyangiuin), 1023 
septatum (Sorangium), 1023 
septatum var. microcyslum (Sorangiimi), 
1023 

septatus (Bacillus), 401 
septentrionale (Bacterium), 686 
sepiica (Merisia), 283 
septica (PasteurcUa), 546 
septica (Pseudomonas), 94 
septica (Sarcina), 283 
sepiicaemiae (Ebertkella), 543 
septicaemiae (Shigella), 643 
septicaemiae anserum exudaiivae (Bacil¬ 
lus), 543 

septicaemiae canis (Bacterium), 590 
sepiicaemiae hemorrhagicae (Bacillus), 
546 

septicaemiae haemorrhagicae (Bacterium), 
546 

septicaemiae lophyri (Bacillus), 668 
sepiicaemicus (Bacillus), 668 
septickaemiae (Bacterium), 547 
septico-aerohius (Bacillus), 753 
septicum (Bacterium), 673 
septicum (Clostridium), 774, 775, 782, 
815, 824 

septicum (Microsporon), 275 
septicus (Actinomyces), 917 
septicus (Bacillus), 686, 774, 775, 817 
septicus (Bacterium) (Proteus), 686 
septicus (Coccus), 275 
septicus (Micrococcus), 275 
septicus (Proteus), 686 
septicus (Streptococcus), 344 
septicus (Tetracoccus), 283 
septicus (Vibrio), 206, 775 
septicus acuminatus (Bacillus), 674 
septicus acuminatus (Bacterium), 674 
septicus agrigenus (Bacillus), 673 
septicus agrigenus (Bacterium), 673 
septicus cuniculi (Bacillus), 652 
septicus gangrenae (Bacillus), 775 
septicus hominis (Bacillus), 668 
septicus hominis (Bacterium), 668 
septicus insectonim (Bacillus), 753 


septicus keratomalaciae (Bacillus), 679 
septicus liquefaciens (Streptococcus), 344 
septicus putidus (Bacillus), 667 
septicus putidus (Bacterium), 667 
septicus sputigenus (Bacillus), 306 
septicus ulceris gangraenosi (Bacillus), 
774 

septicus vesicae (Bacillus), 668, 741, 758 
septimum (Clostridium), 822 
Septimus (Hiberillus), 822 
septique (Clostridium), 775 
septique (Vibrio), 775 
septopyaemicus (Streptococcus), 344 
septus (Bacillus), 406 
Sequinillus, 11, 763 
serhinowi (Bacillus), 478 
serbinowi (Bacterium), 478 
serbinowi (Erwinia), 478 
sergenti (Bartonella), 1106 
sergenti (Haemobartonella), 1106 
sericcus (Bacillus), 668 
sericea (Pseudomonas), 149 
serophilus (Micrococcus), 275 
serosilidis (Bacillus), 727 
serpens (Archangium), 1019 
serpens (Bacillus), 566 
serpens (Bacteroides), 566 , 577 
serpens (Chondromyces), 1017, 1019 
serpens (Spirillum), 213 
serpens (Vibrio), 213 
serpens (Zuherella), 566, 577 
serranoi (Bacterium), 127 
Serratia, 5, 10, 14, 20, 25, 31, 32, 37, 443, 
461, 479, 484, 705 
serratum (Bacterium), 761 
serraius (Actinomyces), 917 
serraius (Bacillus), 668 
serraius (Micrococcus), 275 
serrulatus (Bacillus), 753 
sesami (Bacillus), 137, 763 
sesami (Bacterium), 128 
sesami (Phytomonas), 128 
sesami (Pseudomonas), 128, 137 
sesamicola (Bacterium), 128 
sesamicola (Phytomonas), 128 
sessile (Bacterium), 716 
sessile (Synangium), 1033 
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sessilis (Bacillus), 716 
sessilis (Chondromyces), 1033 
sessilis (Pseudomonas), 700 
setariae (Baclerium), 126 
sc^anae (Phytomonas), 126 
setariae (Pseudomonas), 126 
setiensis (Injlabilis), 823 
selonii (Actinomyces), 973 
setosum (Baclerium), 686 
seiosus (Bacillus), 668 
sewanense (Bacterium), 435 
sewanense (Flavobacterium), 435 
sewerini (Bacterium), 761 
sewerinii (Achromobacter), 426 
sextum (Clostridium), 810 
Sextus (Hiblerillus), 810 
shangani (Salmonella), 524 
shermanii (Propionibacterium), 373, 374, 
375, 376, 379 
shigae (Bacillus), 536 
shigae (Bacterium), 536 
Shigella, 10, 26, 31, 37, 489, 492, 535, 537 
shmamini (Fusocillus), 583 
sialopyus (Staphylococcus), 257 
sialosepticus (Micrococcus), 275 
siamensis (Bacillus), 716 
sicca (Neisseria), 298, 299 
siccum (Baclerium), 686 
siccus Bacillus), 753 
siccus (Bacteroidcs), 667 , 579 
SICCUS (Diplococcus), 298 
stccws (Micrococcus), 275 
siccus (Spherophorus), 567, 579 
Siderobacter, 835 
Sidcrocapsa, 9, 23, 26, 29, 35, 833 
Siderococcus, 835 
Sideroderma, 835 

Sideromonas, 20, 23, 26, 29, 35, 834 , 835 
Sideromyces, 986 
sideropous (Chlamydolkrix), 985 
sideropous (Gallionella), 832, 985 
sideropous (Leptothrix), 986 
Siderolhece, 835 
sieberti (Baclerium), 686 
silberschmidii (Bacillus), 669* 
silberschmidli (Actinomyces), 975 
silberschmidii (Nocardia), 975 


silberschmidtii (Cohnislreplolhrix), 975 
silvaticus (Bacillus), 714 
silvestris (Cytophaga), 1016 
silvcstris (Erro), 1249 
simiae (Bacterium), 593 
simiae (Noguchia), 693 
simile (Baclerium), 753 
similis (Bacillus), 753 
similis (Micrococcus), 275 
simili yphosris (Bacillus), 753 
simplex (Bacillus), 718, 748, 751 
simplex (Corynebacterium), 397 
simplex (Micrococcus), 275 
simplex (Myxobac(er), 1030 
simplex (Polyangium), 1030 
simplex (Rhizobium), 225 
Simsbury (Salmonella), 525 
simulans (Bacillus), 669 
simulans (Legio), 1260 
simulans (Micrococcus), 275 
sinapivagus (Bacillus), 754 
sinense (Butylobacler), 781, 825 
sinensis (Spirochaeta), 1069 
singulare (Acetobacter), 692 
singularis (Bacillus), 669 
sinuosa (Pseudomonas), 103, 700 
sinuosum (Achromobacter), 103 
sinuosus (Bacillus), 103 
sinuosus (Baclerium), 700 
siticulosus (Bacillus), 669 
skoliodonta (Spirochaeta), 1074 
skoliodontum (Treponema), 1074 
smaragdina (Pseudomonas), 94, 700 
smaragdino foelidus (Bacterium), 700 
smaragdinophosphorescens (Ac.hromobac- 
ter), 634 

smaragdino-phosphorescens (Bacillus), 634 
smaragdinO’phosphorescens (Bacterium), 
634, 635 

smaragdinum (Bacterium), 635 
smaragdinus (Bacillus), 700 
smaragdinus foelidus (Bacillus), 94 
smegmatis (Bacillus), 890 
smegmatis (Bacterium), 890 
smegmatis (Mycobaclerium ), 890 
smegmatis var. muns (Mycobacterium), 
891 
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smiihii {Chromohacierium) ^ 234 
smithii {Microspira), 206 
smithii (Pseudomonas), 234 
smithii (Vibrio), 202, 203, 206 
Smyrna (Azotohacter), 219 
snieszkoi (Pleciridium), 823 
sociovivum (Bacterium), 606 
sodoku (Spirochaeta), 215 
sodoku (Treponema), 215 
soehngenii (Methanobacterium), 645, 
646 

sogdianum (Borrelia), 1069 
sogdianum (Spirochaeta), 1069 
sojae (Bacterium), 131 
sojae (Phytomonas), 131 
sojae (Pseudomonas), 131, 135 
sojae (Rhizohium), 226 
solanacearum (Bacillus), 137 
solanacearum (Bacterium), 137 
solanacearum (Phagus), 1136 
solanacearum (Phytomonas), 137 
solanacearum (Pseudomonas), 137, 138, 
1129, 1135, 1136 

solanacearum v&T. asiatica (Phytomonas), 
138 

solanacearum var. asiatica (Psexido- 
monos), 138 

solanacearum var. asiaticum (Bacterium), 
138 

solani (Acrogenus), 1203 
solani (Butylobacter), 781, 825 
solani (Chlorogenus), 1149 
solani (Corium), 1204 
solani (^larmor), 1174 
solani (Sarcina), 293 
solani var. severus (Acrogenus), 1203 
solani var. vulgaris (Acrogenus), 1203 
solanincola (Bacillus), 469 
solaniolens (Phytomonas), 98 
solaniolens (Pseudomonas), 98 
solaniperda (Bacillus), 477 
solanisapra (Erwinia), 468, 469, 470 
solanisaprus (Bacillus), 468, 470 
solare (Bacterium), 439 
solare (Flavobacterium), 439 
solenis (Spirochaeta), 1057 
solenoids (Spirosoma), 831 


solida (Cornilia), 817 
Solidococcus, 8, 235 
Solidovibrio, 8, 192 
solidum (Clostridium), 821 
solidus (Bacillus), 817, 821 
soJitarium (Achromobacler), 426 
solitarius (Bacillus), 426 
solitarius (Bacterium), 426 
solmsii (Bacillus), 817 
solmsii (Diplectridium), 817 
soil (Salmonella), 526 
somaliensis (Actinomyces), 965 
somaliensis (Discomyces), 965 
somaliensis (Indiella), 965 
somaliensis (Indiellopsis), 965, 966 
somaliensis (Nocardia), 965 
somaliensis (Streptomyces), 965 
somaliensis (Streptothrix), 965 
sombrosus (Bacillus), 754 
sommeri (Actinomyces), 917 
sommeri (Oospora), 918 
sonnei (Bacterium), 540 
sonnei (Proshigella), 640 
sonnei (Shigella), 640, 542, 543 
Sorangium, 1021 
sordellii (Bacillus), 787 
sordelli (Clostridium), 787 
sordidus (Bacillus), 669 
sordidus (Bacterium), 669 
sordidus (Micrococcus), 275, 669 
sorediatum (Polyangium), 1022, 1023 
sorediatum (Sorangium), 1022 
sorediatum var. macrocystum (Soran 
gium), 1023 
sorgki (Bacillus), 754 
sorghi (Bacterium), 754 
sori/erum (Bacterium), 686 
somthalii (Micrococcus), 344 
somthalii (Streptococcus), 344 
SorochlorisT, 869 
sorracenicolus (Bac erium), 668 
sotto (Bacillus), 754 
sotto (Bacterium), 754 
soya (Bacterium), 358 
soyae (Lactobacillus), 358 
soyae (Leuconosloe), 346 
soyae var. japonicum (Bacterium), 132 
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spatiosus (Bacillus) y 754 
spatuliforme (Cillobacterium), 369, 818 
spatuliformis (Bacillus), 818 
spermatozoides (Bacillus), 754 
spermalozoides (Vibrio), 206 
spermiformis (Treponema), 1076 
spertnoides (Acuformis), 812 
spermoides (Bacillus), 812, 827 
spermoides (Clostridium), 812 
spermoides (Palmula), 812 
spermophilinus (Bacillus), 669 
sphaerica (Blastocaulis), 836 
sphaericum (Granulobacter), 822 
sphaericus (Bacillus), 727, 728, 729, 818 
sphaericus var. fusiformis (Bacillus), 728 
Spkaerococcus, 312 
sphaeroides (Chromatium), 846, 859 
sphaeroides (Clostridium), 821 
sphaeroides (Micrococcus), 275 
sphaeroides (Rhizobium), 225 
sphaerosporus (Bacillus), 754 
sphaerosporus calco-aceticus (Bacillus), 
754 

Sphaerothrix, 986 

Sphaerotilus, 12,19, 23, 26, 982,983 
sphdgni (Streptococcus), 344 
sphenoides (Bacillus), 791 
sphenoides (Clostridium), 791 
sphenoides (Douglasillus), 791 
sphenoides (Pleclridium), 791 
Spherocillus, 34, 38, 680 
spheroides (Rhodopseudomonas), 866 
Spherophorus, 34, 38, 678 
sphirigidis (Badllua), 491 
sphingidis (Esclverichia), 491 
sphingidis (Proteus), 491 
spiculifera (Cristispira), 1057 
spicidifera (Spirochaela), 1057 
spieckermann (Bacillus), 477 
spiniferum (Bacterium), 686 
spiniferus (Bacillus), 686 
spinosa (Comilia), 817 
spinosporus (Bacillus), 754 
spinosum (Bacterium), 686 
spinosus (Bacillus), 817 
spirals (Bacterium), 686 
spiralis (Actinomyces), 973 


spiralis (Bacillus), 754 
spirans (Bacillus), 669 
Spirella, 28 
Spirilina, 5, 486 
spirilloides (Streptothrix), 977 
Spirillum, 5, 12, 15, 16, 18, 19, 21, 25, 28, 
29, 31, 43, 212, 216, 996 
spirillum (Azotobacter), 216 
spirillum (Vibrio), 216 
Spirohacillus, 12, 14 
Spirochaeta, 5, 12, 18, 19, 20, 26, 28, 37, 
1007, 1061, 1053, 1054, 1058 
Spirochaete, 1051 
Spirochoeta, 1051 
Spirodiscus, 6 
spirogyra (Bacillus), 754 
Spiromonas, 6, 11 
Spironema, 20, 1058, 1071 
Spirophyllum, 8, 9, 15, 17, 831 
Spiroschaudinnia, 1058 
Spirosoma, 7, 12, 16, 28, 212, 1122 
Spirulina, 6, 993 
spissum (Bacterium), 761 
spitzi (Actinomyces), 925 
spitzi (Brevistreptothrix), 925 
spitzi (Discomyces), 925 
spitzi (Oospora), 925 
spitzi (Streptothrix), 925 
splendens (Bacillus), 613 
splendidum (Photobacter), 636 
splendidum (Photobacterium), 636 
splendidus (Vibrio), 636 
splendor maris (Photobacter), 636 
splenica (Actinomyces), 922 
splenica (Nocardia), 922 
splenomegaliae (Bacteroides), 580 
splenomegaliae (Synbacterium), 680 
spongiosa (Phytomonas), 120 
spongiosa (Pseudomonas), 120 
spongiosum (Bacterium), 120 
spongiosus (Bacillus), 120, 754 
sporijerum (Spirillum), 218 
Sporocytophaga, 36, 259, 1005, 1006, 
1009, 1010, 1048 

sporogena rheumatismi (Spirochaeta), 
1069 

sporogenes (Bacillus), 782, 817 
1609 
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sporogenes (Clostridium), 775, 782, 783, 
784, 786, 817, 818, 825 
sporogenes (Granulobacillus), 822 
sporogenes {Lactobacillus) y 762 
sporogenes (Metchnikovillus), 782 
sporogenes capsulatus {Bacillus) y 817 
sporogenes coagulans {Bacillus), 782, 825 
sporogenes joetidus {Bacillus), 787, 818, 
826 

sporogenes liqucfaciens {Bacillus), 818 
sporogenes non-liquefaciens {Bacillus), 
818 

sporogenes non liquejaciens anaerobius 
{Bacillus), 818 

sporogenes oedemaiis {Bacillus), 787 
sporogenes parvus {Bacillus), 818 
sporogejies psoriasis {Spirochaela), 1069 
sporogenes regularis {Bacillus), 785 
sporogenes saccharohjlicus {Bacillus), 785 
sporogenes var. A {Bacillus), 782 
sporogenes var. {Clostridium), 782 
sporogenes var. A, P. Marie [ciostruU 
ium), 783 

sporogenes var. B {Bacillus), 782, 787 
sporogenes var. B {Clostridium), 787 
sporogenes var. caudapiscis {Clostri¬ 
dium), 783 

sporogenes var. equine {Clostridium), 
783 

sporogenes var. parasporogenes {Clostrid¬ 
ium), 784 

sporogenes var. tyrosinogenes {Clostrid¬ 
ium), 783 

sporogenes zoogleicus {Bacillus), 797 
SpoTonema, 6 
sporonema {Bacillus), 754 
Sporosarcina, 30, 67, 285 
Sporospirillum, 218 
Sporotrichum, 916 
Sporovibrio, 33, 35, 207 
spumalis {Actinomyces), 976 
spufnalis {Oospora), 976 
spumarum (Clostridium), 808 
spumarum {Plectridium), 808 
spumosum (Polyangium), 1031 
spumosum (Sorangium), 1023 
spumosus {Bacillus), 669 


spurius {Bacillus), 754 
sputi {Bacillus), 754 
sputi {Bacterium), 761 
sputicola {Bacterium), 761 
sputigena {Microspira), 198 
sputigenes tenuis {Bacterium), 687 
sputigenum {Bacterium), 686 
sputigenum {Spirillum), 206, 218, 701 
sputigenus {Streptococcus), 344 
sputigenus (Vibrio), 198, 206 
sputigenus var. minutissimus {Vibrio), 
206 

sputigenus crassus {Bacillus), 459 
sputigenus crassus {Bacterium), 459 
sputorum {Vibrio), 206 
squami/ormis {Bacillus), 754 
squamosum {Bacterium), 687 
squamosum {Corynebacterium), 406 
squamosum longum {Bacterium), 760, 762 
squamosus {Bacillus), 669 
squamosus longus {Bacillus), 760 
squatorolae {Treponema), 1076 
stalactitigenes {Bacterium), 687 
stanieri {Vibrio), 703 
Stanley {Salmonella), 503 
stanleyi {Salmonella), 503 
staphylina {Spirochaela), 1069 
Staphylococcus, 21, 31, 33 , 235 
staphylophagus {Micrococcus), 275 
stationis (Achromobacter), 421 
stationis {Vibrio), 206 
stearophilum (Achromobacter), 609 
stearophilus {Bacillus), 609 
stearothermophilus {Bacillxis), 734 
Stelangium, 1020 
stellaris {Bacillus), 754 
stellatum {Bacterium), 818 
stellatum (Polyangium), 1031 
stellatus {Bacillus), 580, 710, 754, 818 
stellaius {Coccus), 276 
stellatus {Micrococcus), 276 
stellatus anaerobius {Bacillus), 818 
stenogyrata {Spirochaela), 1069 
stenogyratum {Treponema), 1069 
stenohalis (Achromobacter), 420 
stenos {Streptococcus), 344 
stenostrepta (Spirochaeta), 1063 
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stenosirepta {Treponema)y 1053 
$tercoraria {Serraiia), 485 
siercoris {Mycobacterium), 888, 891 
5<erciMis {Mycobacterium), 891 
sternhergii {Bacillus), 418, 687 
sternbergii {Bacterium), 687, 819 
steroidiclasium {Bacterium), 687 
sterotropis {Pseudomonas), 700 
stevensae {Alcaligenes), 416 
stewarti {Aplanobacter), 638, 1136 
stewarti {Bacillus), 638 
stewartii (Bacterium), 638, 1129, 1134, 
1136 

stewartii {Phytomonas), 638, 1136 
stewarti {Pseudomonas), 638, 1136 
Stigmaiella, 1036 

stipitatus (Myxococcus), 1043, 1044 
stizolobii {Aplanobacter), 135 
stizolohii {Bacterium), 135 
stizolobii {Phytomonas), 135 
stizolobii (Pseudomonas), 136 
Stoddardillus, 11, 763 
stolonatum {Flavobacteriujn), 442 
stolonatus {Bacillus), 442 
stolonatus {Bacterium), 442 
stoloniferum {Achromobacter), 715 
stoloniferus {Bacillus), 715 
stoloniferus {Bacterium), 715 
stomachi {Spirillum), 218 
stomatitis {Vibrio), 206 
«/rcmtnef/8 (.Streptococcus), 344 
strasburgense {Clostridium), 821 
strasburgensis {Pasteurella), 551 
strassmanni {Bacillus), 669 
streckeri {Bacillus), 687 
streckeri {Bacterium), 687 
streptobacilliformis {Bacteroides), 581 
streptobacilli-moniliformis {Musculomy- 
ces), 1294 

Streptobacillus, 349 , 588 , 763 
Streptobacterium, 9, 30, 360 
streptococci (Phngus), 1139 
streptococci var. virilis {Phagus), 1139 
streptococciforme {Bacterium), 761 
Streptococcus, 13, 14, 15, 17, 10, 21, 26, 
27, 30, 31, 33, 43, 312, 313 
Streptococcus No. 52. 343 


Streptococcus sp., 333, 334, 335 
streptoformis {Bacillus), 754 
Streptomyces, 588, 915, 929, 934, 007, 
974, 977, 9S0 

Streptothrix, 6, 929, 961, 977 
Slreptothrix No. i, Almquist, 968 
Streptothrix No. 2 and 5, Almquist, 934 
Streptothrix sp., Donna, 916 
Streptus, 14, 312 
striafaciens {Bacterium), 112 
striafaciens {Phytomonas), 112 
striafaciens (Pseudomonas), 112 
striata (Pseudomonas), 97, 700 
striata {Sarcina), 293 
striatum {Bacterium), 406 
striatum {Corynehacterium), 406 
striatus albus {Bacillus), 406, 069 
striatus Jlavus (^aci7/us), 406, 669 
striatus jlavus (bacterium), 406, 669 
striatus viridis {Bacillus), 97, 669 
striatus viridis {Bacterium), 700 
strictus (Vibrio), 198, 206 
slrobiliformis {Micrococcus), 276 
strumitidis {Bacillus), 669 
strumitis {Bacillus), 669 
strumitis a{Bacillus), 669 
strumitis p {Bacillus), 671 
sturmanii (Huemobartonella), 1106 
stutseri {Achromobacter), 426 
stutzeri {Bacillus), 426 
stutzeri {Bacterium), 426 
stutzeri {Pseudomonas), 441 
stylopygae {Spirochaeta), 1076 
stylopygae {Treponema), 1076 
suariorum (Legio), 1262 
suaveolens {Bacillus), 754 
suaveolens (Flavobacterium), 432 
subacidus {Streptococcus), 344 
subalbus {Bacillus), 623 
Hubalbus var. batatatis {Bacillus), 623 
subalcalescens {Bacillus), 451 
subanaerobicus {Bacillus), 720 
subanaerobius {Bacillus), 771 
subcandicans (^/icrococcus), 276 
subcanus {Micrococcus), 276 
subcarneus {Micrococcus), 255, 276 
su&citreus {Micrococcus), 276 
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subcitricum {Bacterium), 687 
suhcloacae {Bacillus), 457 
suhcoccineus {Bacillus), C52 
subcoccoideus {Bacillus), 669 
subcreta {Cellulomonas), 176 
subcreta (Pseudomonas), 176 
subcretaceus {Micrococcus), 276 
suhcuiicularis {Bacillus), 755 
subdeniiculatum {Bacteruim), 762 
subentericus {Bacillus), 533 
suberfaciens {Bacterium), 640 
suberfaciens {Phytomonas), 640 
subfdijorme {Bacterium), 759 
subflava (Neisseria), 276, 299 
subfiava {Sarcina), 293 
subjlavescens {Micrococcus), 276 
subjlavidus {Micrococcus), 276 
subjlavus {Bacillus), 669 
subjlavus {Bacterium), 669 
subflavus {Diplococcus), 276 
subjlavus {Micrococcus), 276 
subfoetidus {Bacillus), 818 
subjuscu7n {Bacterium), 687 
subfuscus {Micrococcus), 276 
subgastricus {Bacillus), 451, 669 
subgilvus {Micrococcus), 277 
subgranulatus {Micrococcus), 277 
subgranulosus (Bacillus), 658 
subgriseus (Micrococcus), 277 
subkiliensis (Bacillus), 484 
sublacteus (Micrococcus), 277 
sublanatus (Bacillus), 755 
sublilacinus (Micrococcus), 277 
subliquefaciens (Bacterium), 457 
sublustris (Bacillus), 755 
subluieum (Bacterium), 687 
subluteus (Micrococcus), 277 
submarinus (Bacillus), 755 
subniveus (Micrococcus), 251, 277 
subochraceus (Bacillus), 670 
subochraceus (Bacterium), 670 
subochraceus (Micrococcus), 277 
suboxydans (Acetobacter), 184 
subpneumo7iicu7n (Bacterium), 703 
subroseus (Micrococcus), 274, 277 
suhrubeum (Bacterium), 762 
subrubeus (Bacillus), 762 


subrubiginosus (Bacillus), 670 
subrufa (Serratia), 601 
subrufum (Bacterium), 601 
subsquamosum (Bacterium), 762 
subsulcatus (Bacillus), 670 
subterminale (Clostridium), 786 
subterminalis (Bacillus), 786 
subterraneus (Micrococcus), 277 
subterraneus (Staphylococcus), 277 
subtetatiicus (Bacillus), 727, 816 
subthermophilum (Bacterium), 762 
subtile (Bacterium), 755 
subtile (Treponema), 1074 
subtile agnorum (Bacterium), 648 
subtiliforme (Bacterium), 755 
subtiliformis (Bacillus) (Streptobacter) 
755 

subtilis (Bacillus), 42, 43, 45, 63, 708, 
709, 711, 712, 713, 716, 741, 742, 746, 
747, 751, 753, 760, 762, 1138 
subtilis a (Bacillus), 710 
subtilis (Bacillus), Michigan strain, 716 
subtilis (Micrococcus), 277 
subtilis (Spirochaeta), 1074 
subtilis (Spironema), 1074 
subtilis (Spiroschaudinnia), 1074 
subtilis (Vibrio), 710 
subtilis var. asporus (Bacillus), 45 
subtilis var. aterrimus (Bacillus), 711 
subtilis var. gallerias (Bacterium), 762 
subtilis var. niger (Bacillus), 711 
subtilis var. viscosus (Bacillus), 710 
subtilis similis (Bacillus), 752 
subtilis simulans I (Bacillus), 755 
subtilissimum (Spirillum), 206 
subtilissimus (Vibrio), 206 
subvertens (Phagus), 1138 
subviscosum (Bacterium), 414 
succinicum (Bacterium), 452 
succinicus (Bacillus), 755 
succulentus (Micrococcus), 277 
sudaminis (Bacillus), 668 
suffodiens (Morsus), 1163 
suffuscus (Bacillus), 755 
suicida (Bacterium), 548 
suidae (Treponema), 1076 
suilla (Pasteurella), 647, 684 


1512 



INDEX OF NAMES OF GENERA AND SPECIES 


suil-syri 


suilla {S-pirochaeta) y 1069 
suillum (Scelus), 1235, 1236 
suipestifer (Bacillus), 508 
suipestifer (Bacterium), 508 
suipestifer (Salmonella), 45, 508 
suis (Bacillus), 508 
Buis (Borreliota), 1232 
suis (Brucella), 661, 562 
suis (Corynebacterium), 406 
suis (Hemophilus), 585, 686 
suis (Micrococcus), 277 
suis (Rickettsia), 1097 
suis (Spirochaeta), 1063 
suis (Spironema), 1063 
suis (Tortor), 1276 
SUIS (Vibrio), 206 
suisepiica (Pasieurella), 548 
suisepticus (Bacillus), 548 . 
suisepticus (Bacterium), 548 
sulcatus (Bacillus), 670 
sulcalus liquefaciens (Bacillus), 660, 670 
sulcatus liquefaciens (Bacterium), 670 
sulfhydrogenus (Bacillus), 670 
Sulfomonas, 8, 29, 30, 78 
Sulfospirillurn, 29, 30, 212 
sulfurea (iSarcina), 293 
sulfureum (Achromobacter), 609 
sulfureum (Bacterium), 687 
sulfureum (Flavobacterium), 610 
sulfureus (Bacillus), 491, 687 
sulfureus fi-tardigradus (Micrococcus), 
278 

sulfureus (Proteus), 491 
sulfureus var. tardigradus (Micrococcus), 
278 

sulfurica (Thiospira), 702 
sulphurala (Sarcina), 842 
sulphurea (Conidolhrix), 995 
sulphurea (Leploikrix), 995 
sulphurea (Nocardia), 925 
sulphurea (Streptothrix), 925 
sulphureus (Actinomyces), 925 
sulphureus (Micrococcus), 277 
sulphurica (Aphanothece), 872 
sulphurica (Clathrocbloris), 872 
sumatras (Actinomyces), 910 
sumatranum (Bacterium), 687 


sujnatranus (Rickettsia), 1090 
sundsvall (Salmonella), 528 
superba (Sarcina), 293 
superhciale (Achromobacter), 420 
superficialis (Bacillus), 420 
superjicialis (Bacterium), 420 
suppuratum (Corynebacterium), 406 
supraresistens (Bacillus), 755 
surati (Spirillum), 206 
surati (Treponema), 206 
surati (Vibrio), 202, 203, 206 
surgeri (Bacillus), 687, 755 
surgeri (Bacterium), 687 
suspectus (Streptococcus), 344 
suspensa (Rhodocapsa), 854 
suum (Pasteurella), 548 
sycosiferum (Bacterium), 687 
sycosiferus foetides (Bacillus), 687 
sylvilagi (Molitor), 1244 
symbiophiles (Bacillus), 580 
symbiotica (Escherichia), 427 
symbiotica (Sarcina), 293 
symbioticum (Chlorobacterium), 873,874 
symptomaticus (Bacillus), 776 
Synangium, 1032 
synchyseus (Bacillus), 682 
synchyseus (Bacterium), 682 
Syncrotis, 12, 13, 14, 365, 984 
syncyanea (Pseudomonas), 92, 700 
syncyaneum (Bacterium), 92 
syncyaneus (Bacillus), 92 
syncyaneus (Vibrio), 92 
syncyanus (Bacterium), 700 
Synechococcus, 996 
synthetica (Vibrio), 206 
synxantha (Pseudomonas), 700 
synxanthum (Flavobacterium), 700 
synxanthus (Bacillus), 700 
synxanthus (Vibrio), 700 
syphilidis (Bacillus), 687 
syphilidis (Bacterium),^! 
syphilitica (Pacinia), 687 
syphiliticus (Micrococcus), 278 
syringae (Bacterium), 119 
syringae (Phytomonas), 119 
syringae (Pseudomonas) 119,123 
Syringae var. capsid (Bacterium), 120 
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sijringae var. papulans (Phytomonas), 123 
syringae populans {Phyiomonas), 697 
syzygios {Micrococcus), 304 
syzygios scarlatinae (Micrococcus), 304 
szentes (Salmonella), 529 

tabaci (Annulus), 1155, 1212, 1214. 1217 
(abaci III (Bacillus), 755 
tabaci (Marmor), 1155,1164,1167 
tabaci (Musivum), 1164 
(abaci (Phytomonas), 124 
tabaci (Pseudomonas), 114, 124, 1134 
tabaci (Ruga), 1216 
(abaci var. artum (Marmor), 1166 
tabaci var. aucuba (Marmor), 1166 
tabaci var. auratus (Annulus), 1213 
(abaci var. canadense (Marmor), 1166 
(abaci var. deformans (Marmor), 1166 
(abaci var. immobile (Marmor), 1166 
(abaci var. kentuckiensis (Annulus), 1213 
tabaci var. lethale (Marmor), 1166 
tabaci var. obscurum (Marmor), 1166 
tabaci var. plantaginis (Marmor), 1166 
tabaci var. siccans (Marmor), 1166 
tabaci var. virginiensis (Annulus), 1212 
tabaci var. vulgare (Marmor), 1166 
tabacivorus (Bacillus), 477 
iabacum (Bacterium), 124 
tabidum (Flavobacterium), 694 
iabificans (Bacillus), 477 
lachysporus (Bacillus), 818 
iachytonum (Bacterium), 687 
tachytonus (Bacillus), 687 
laeniata (Gallionella), 831 
taetie (Lactobacillus), Q95 
iaette (Streptobacillus), 702 
iaette (Streptococcus), 702 
iaksony (Salmonella), 525 
talassochelys (Grahamella), 1111 
ialavensis (Bacillus), 534 
talavensis (Bacterium), 534 
ialavensis (Eberthella), 534 
ialavensis (Eberihus), 534 
tallahassee (Salmonella), 514 
talpae (Grahamella), 1109 
iangallensis (Bacillus), 544 
iangallensis (Shigella), 544 


iapeios (Cristispira), 1057 
iapetos (Spirochaeia), 1057 
taraxaci (Xanthomonas), 179 
taraxeri cepapi (Actinomyces), 973 
taraxeri cepapi (Streptothrix), 973 
tarda (Eberthella), 534 
tarda (Shigella), 544 
tardicrescens (Bacterium), 638 
tardicrescens (Phytomonas), 638 
iardigradus (Micrococcus), 278 
tardioT (Micrococcus), 278 
iardissima (Gaffkya), 284 
tardissima (Neisseria), 278 
iardissimus (Bacillus), 
tardissimus (Micrococcus), 278 
iardissimus (Teiragenus), 284 
tardivus (Bacillus), 755 
tardus (Bacillus), 544, 816 
tardus (Micrococcus), 278 
tarozzii (Actinomyces), 
tarozzii (Streptothrix), 924 
Tarpeia, 1268 
tartari (Streptothrix), 977 
tartarivorum (Aerobacter), 692 
tartricus (Bacillus), 670 
taveli (Bacillus), 727,800, 816 
technicum (Propionibactcrium), 377 
technicus (Bacillus), 755 
tectum (Ochrobium), 835 
tegumenticola (Bacterium), 604 
teUaviv (Salmonella), 529 
telmatis (Bacillus), 670 
temporariae (Spirochaeia), 1069 
tenacatis (Micrococcus), 278 
tenalbus (Multifermentans), 772 
tenax (Bacillus), 755 
tenax (Bacterium), 762 
tener (Micrococcus), 278 
tenerrimum (Spirillum), 206 
tennessee (Salmonella), 512 
tenua (Cristispira), 1057 
tenuatus (Bacillus), 670 
tenue (Bacterium), 687 
tenue (Caryophanon), 1004 
tenue (Clostridium), 821 
tenue (Sideroderma), 835 
tenue (Spirillum), 214 
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tenue {Spirophyllum) y 831 
tenue {Treponema) ^ 1070 
lenue obtusum {Treponema) y 1068 
tenuis {Actinomyces)y 922, 974 
tenuis {Bacillus)y 670, 709 
tenuis {Bacteroides), SIS 
tenuis {Clonothrix)y 983 
tenuis {Cohnistrepiothrix)y 922 
tenuis {Crenothrix)y 983 
tenuis (Z)iscomyces), 922 
tenuis {Leptothrix) y 365 
tenuis (A/icrococcus), 307 
tenuis {Nocardia), 922 
tenuis {Pseudolepioihrix) y 365 
tenuis (Pseudomonas), 149, 701 
tenuis {Spirochaeta) y 1070 
tenuis {Streptococcus)y 343, 344 
tenuis (Thiothrix), 989. 990, 995 
tenuis {Tyrothrix)y 709 
tenuis (Ki^rio), 206 
tenuis acuminata {Spirochaeta), 1064 
tenuis apis {Bacillus), 670 
tenuis glycolyticus {Bacillus), 818 
tenuis non-liquefaciens {Bacillus), 755 
tenuis obtusa {Spirochaeta), 1068 
tenuis spatuliformis {Bacillus), 369, 818 
tenuis sputigenes {Bacillus), 607, 687 
tenuissima (Cytophaga), 1013 
tenuissima (Thiothrix), 990, 995 
tenuisaimus (Micrococcus), 259, 278 
ieras {Bacillus), 818 
teras {Injlabilis), 818 
terebrans {Bacillus), 575 
terebrans {Ristella), 575 
teres {Bacillus), 42, 718 
terminates {Bacillus), 755 
terminalia var. thermophilus {Bacillus), 
755 

Terminoaporus 33, 34, 763 
termite'dis {Fusijormis), 583 
termiiis {Cristispira), 1070 
termite's {Spirochaeta), 1070 
termite's (Treponema), 1070 
termitis (Vi6rio), 1070 
termo {Bacillus), 688 
termo (Pacten'um), 687 
Termobacterium, 179 


termo {Monas), G87 
termo {Zoogloea), 348, 687 
icrmo var. subterraneurn {Bacterium), 688 
lermophilum {Bacterium), 757 
ternissima {Cytophaga), 1013 
terrae {Bacterium), 762 
terrae {Streptobacillus), 762,823 
terrestralginicum (Bacterium), 642 
terrestris {Bacillus), 756 
lerricola {Laclobacterium), 364 
terricola {Streptococcus), 344 
terr gena {Microspira), 207 
terrigenum {Spirillum), 207 
terrigenus {Bacillus), 670 
terrigenus {Vibrio), 207 
tertiuin (Clostridium), 812, 827 
tertium {Plectridium), 812 
tertium (Scelus), 1237 
tertius {Bacillus), 812 
tertius {Henrillus), 812 
tertius (Phagus), 1137 
testabilis (Phagus), 1138 
tesludinis {Mycobacterium), 891 
testudo (Myco6acterium), 891 
tetani {Bacillus), 783, 798 
tetani (Clostridium), 43, 727, 798 
tetani {Nicollaierillus), 799 
tetani {Plectridium), 798 
tetanoides {Bacillus), 756, 799 
tetanoides {A) {Bacillus), 798 
tetanoides {B) (Paciteus), 799,826 
tetanoides (Clostridium), 798 
tetanomorphuin (Clostridium), 800,826 
tetanomorphum {Plectridium), 800 
tetanomorphus (Paciteus),800 
tetanomorphus {Macintoshillus), 800 
I'etrackloris, 869 
Tetracoccus, 9, 235, 283, 284 
Tetradiplococcus, 283 
tctragena (Gaffyka), 253, 258, 261, 267, 
269, 270, 274, 275, 270, 278, 279, 281, 
283, 284 

ietragena (Meriste), 283 
ietragena {Sarcina), 283, 284, 292 
telragenes anaerobius {Micrococcus), 234 
tetragenus (Micrococcus), 283 , 284 
tetragenus (Mycococcus), 891 
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ietragenus {Pediccoccus), 283 
tetragenus (Planococcus), 284 
ielragemis {Staphylococcus), 283 
tetragenus albus (Micrococcus), 283 
tetragenus aureus (Micrococcus), 278 
tetragenus citreus (Micrococcus), 280 
tetragenus conceniricus (Micrococcus), 278 
tetragenus febris Jlavae (Micrococcus), 280 
tetragenus mohilis ventriculi (Micrococ¬ 
cus), 284 

tetragenuS'pallidus (Micrococcus), 278 
tetragenus ruber (Micrococcus), 244 
tetragenus septicus (Micrococcus), 283 
tetragenus subjlavus (Micrococcus),27Q 
tetragenus versatilis (Micrococcus), 280 
tetragenus-vividus (Micrococcus), 279 
tetraonis (Bacillus), 668 
tetras (Micrococcus), 279 
tetras (Pediococcus), 279 
tetrylium (Clostridium) (Bacillus),7Sl,S25 
teutlia (Phytomonas), 613 
teutlium (Aplanohacter), 613 
ieutlium (Bacterium), QlZ 
iexas (Salmonella), 506 
thalassius (Achromobacter), 418 
thalassokoites (Bacillus), 756 
thalassophilus (Bacillus), 720, 727,818 
thamnopheos (Mycobacterium), 883, 886 , 
886, 887, 

thaxteri (Archangium), 1019 
thaxteri (Chondromyces), 1033 
thaxteri (Synangium), 1033 
theae (Bacillus), 756 
Theciobacirum 12, 13, 705 
theileri (Borrelia), 1062, 1066, 1068 
theileri (Spirillum), 1062 
theileri (Spirochaete), 1062 
theileri (Spironema), 1062 
theileri (Spiroschaudinnia), 1062 
theileri (Treponema), 1062 
Theileria', 1089 

thermalis (Chlamydothrix), 986 
thermalis (Leptothrix), 986 
tkermitanus (Thiobacillus), 81 
thermoabundans (Bacillus), 756 
thermoacetigenitus (Bacillus), 756 
Ihermoacidijicans (Bacillus), 756 


thermoacidophila (Palmula), 821 
thermoacidophilus (Acuformis), 821 
thermoacidophilus (Clostridium), 821 
therjnoacidurans (Bacillus), 712 
Thermoactinomyces, 978 
thermoactivus (Bacillus), 756 
thermoaerogenes (Caduceus), 821 
thermoaerogenes (Clostridium), 821 
thermoalimentophilus (Bacillus), 736 
thermoainylolyticus (Bacillus), 729 
thermoannulatus (Bacillus), 756 
thermoaquatilis (Bacillus), 756 
thermoarborescens (Bacillus), 756 
Thermobacterium, 9, 30, 360, 
ihermobutyrosus (Bacillus), 756 
thermocellulolyticus (Bacillus), 736 
thermocellulolyticus (Terminosporus), 823 
thermocellum (Clostridium), 821 
thermocellus (Terminosporus), 821 
thermochainus (Clostridium), 821 
thermocompactus (Bacillus), 756 
ihermodactylogenitus (Bacillus), 736 
Ihermodesulfuricans (Vibrio), 208, 209, 
853 

thermodiastaticus (Actinomyces), 934, 974 
thermodiastaticus (Bacillus), 731 
thermodoratus (Bacillus), 756 
thermodurica (iSarcina), 294 
thermoeffervescens (Bacillus), 756 
thermofaecalis (Bacillus), 756 
thermofibrincolus (Bacillus), 756, 818 
thermofiliformis (Bacillus), 756 
thermofuscus (Actinomyces), 957 
thermofuscus (Streptomyces), 967 
thermograni (Bacillus), 756 
thermoindiflferens (Bacillus), 730, 731 
thermoliqucfaciens (Bacillus), 736 
thermolonyus (Bacillus), 756 
thermolubricans (Bacillus), 75^ 
thermononliquefaciens (Bacillus), 734 
ihermononodorus (Bacillus), 756 
thermonubilosus (Bacillus), 756 
thermopellitus (Bacillus), 756 
thermophila (Nocardia), 957 
thermophila 0 (Rislella), 576 
thermophila y (Ristella), 676 
thermophila (Sarcina), 294 

1516 



INDEX OF NAMES OF GENERA AND SPECTES 


ther-Thio 


tkermophilum 1 {Bacterium), 760 
thennophilum II {Bacterium), 736 
tkermophilum III {Bacterium), 761 
tkermophilum IV {Bacteruim), 762 
tkermophilum V {Bacterium), 760 
thennophilum VI {Bacterium), 760 
tkermophilum VII {Bacterium), 762 
thennophilum VIII {Bacterium), 759 
thennophilum {Clostridium), 777, 821 
thennophilum {Coccohacterium), 693 
tkermophilutn {Denitrobacterium),%Q0,7^2 
thermophilus {Actinomyces), 934, 956 
ihermophilus {Bacillus), 670, 736, 757, 777 
thermophilus I {Bacillus), 760 
ihermophilus II {Bacillus), 736 
thermophilus III {Bacillus), 761 
thermophilus IV {Bacillus), 762 
ihermophilus V {Bacillus), 7Q0 
ihermophilus VI {Bacillus), 760 
ihermophilus VII {Bacillus), 762 
ihermophilus VIII {Bacillus), 759 
ihermophilus a {Bacillus), 819 
ihermophilus 0 {Bacillus), 576 
ihermophilus y {Bacillus), 576 
ihermophilus {Caduceus), 819 
thermophilus a {Caduceus), 819 
ihermophilus {Corynebacterium), 406 
thermoplulus (Lactobacillus), 356 
thermophilus {Micrococcus), 279 
ihermophilus {Nitrosobacillus), 76, 690, 
762 

thermophilus (Streptococcus), 322 
thermophilus (Streptomyces), 966 
thermophilus anaerobicus {Bacillus), 821 
thermophilus aquatilis liguefaciens 
{Bacillus), 733 

thermophilus jivoini {Bacillus), 732 
ihermophilus losanitchi {Bacillus), 732 
ihermophilus miguelii {Bacillus), 757 
ihermophilus sojae {Bacillus), 757 
thermophilus vranjensis {Bacillus), 732 
ihermoputrijica {Palmula), S2l 
ihermoputrificum {Clostridium), 821 
thermoputrificus (Acuformis), 822 
thermosaccharolyticum (Clostridium), 


ihermosaccharolylieus {Terminosporus), 
797 

Ihermosuavis {Bacillus), 757 
ihermotenax {Bacillus), 757 ’ 

thermotolerans {Actinomyces), 974 
thermotranslucens (Bacillus), 734 
thermourinalis {Bacillus), 757 
thermoviscidus {Bacillus), 757 
theta {Bacillus), 670 
theta {Bacterium), 670 
ihetaiolaomicron {Bacillus), 572 
thetaiotaomicron (Bacteroides), 672, 5S0 
thetaiotaomicron {Spherocillus), 572, 5S0 
thetoides {Bacillus), 566 
thibiergei {Actinomyces), 928 
thibiergei {Cohnistrepiothrix), 928 
thibiergei {Discomyces), 928 
thibiergei {Nocardia), 928 
thibiergei {Oospora), 928 
Thiobacillus, 15, 16, 20, 30, 69. 78, 81, 
68S, 839 

Thiobacterium, 15, 17, 78 
Thiocapsa, 16, 23 , 25, 844 , 849 
Thiococcus, 8 

Thiocystis, 16, 23, 25, 847, 848, 849 
Thioderma, 16, 23, 25, 849 
Thiodictyon, 16 , 23, 26, 846 
ihiogenes {Bacterium), 688 
Thiomonas, 8 
Thionema, 995 

thiooxidans {Sulfomonas), 79 
thiooxidans (Thiobacillus), 79,81 
ihiooxydans {Thiobacterium), 79 
Ihioparus {Sulfomonas), 79 
thioparus (Thiobacillus), 79, 81 
Thiopedia, 16, 29, 843, 844 
Thiophysa, 16, 24 , 25, 996, 997 
Thioploca, 15, 16, 19, 24, 26, 993 
Thiopolycoccus, 16, 23, 25, 29, 860 
Thioporphyra, 859 
Thiorhodospirillum, 16, 850 
Thiosarcina, 16, 23, 25, 29, 842 
Thiosiphon, 995, 996 
Thiosphaera, 16, 23, 25, 846 
Thiosphaerella, 15, 16, 996, 997 
Thiosphaerion, 16, 23, 25, 859 
Thiospirs, 24, 25,35, 212, 853, 996 
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Thiospirillopsis, 993 
Thiospirillum, 15, 1C, 23, 25, 29, 850, 851, 
852, 853 

Thiothcce, 16, 23, 25. 29, 8-15, 846. 849 
Thiothrix, 10. 18, 19, 24. 26, 988, 989. 991, 
995 

Thiovibrio, 15, 10 
Thiovuluin 15, 10, 990, 999, 1000 
thinjei {Socardia), 917 
ihiri/i {Actinumi/ccs)^ 917 
thiriji (Discomifces), 917 
ihjocttue {Actinoniyces), 927 
thoenii (Propionihacteriuin), 374, 377, 
379 


tholocideum {Bacteriunt}, 088 
(holoeideus {Bacillus), 688 
(hompson (SalmouL'lla), 510 
thornsoni {Micrococcus), 303 
thoracis {Bacillus), 757 
Ihuillieri {Actiriomiices), 410 
thuillieri {Bacillus), 410 
Ihuillieri {Xocardia), 410 
thuillieri {Pasteurelln), 410 
thuririgicnsis {Bacillus), 710, 759 
thuringiensis {Bacterium), 716 
tilsitense {Plocamobacterium), 091 
tim {Salmonella), 525 
tingens {Bacillus), Qli) 
iiogense {Achromobactcr), 426 
tiogensis {Bacillus), 420 
tiogensis {Bacterium), 426 
Tissieria, 20, 21, 22, 23, 27 
Tissierillus, 11, 763 
tizzonii {Bacterium), 553 
tolaasi {Bacterium), 128 
tolaasii {Phytomonas), 128 
tolaasii (Pseudomonas), 128 
tolega iCoccobacillus), 702 
tolerans (Phagus), 1139 
toluolicum {Bacillus), 670 
tomato {Bacterium), 113 
tomato {Phytomonas), 113 
tomato (Pseudomonas), 113, 1136 
fomentosurn {Bacterium), 718 
tommasoli (Micrococcus), 257 
tonelliana (Phytomonas), 132 
tonelliana (Pseudomonas), 132 


tonellianurn (Bacterium), 132 
tonsillaris (Microspira), 207 
tonsillaris (Vibrio), 207 
tonsillaris (Vibriotkrix), 218, 833 
Tortor, 1275 

tortuosa (Gallionelta), 832 
tortuosum (Bacterium), QSS 
tortuosurn (Eubacterium), 367 
tortuosus (Bacillus), 367, 088 
tortuosus (Bacteroides), 367 
Torula, 179 

torulosum (Rhizobium), 225 
tossicus (Actinomyces),9iS 
tostus (Bacillus), 736 
toulonensis (Vibrio), 207 
toxicatus (Micrococcus), 279, 344 
toxicatus (Streptococcus), 344 
toxigenus (Bacillus), 670 
toxinogenes (Clostridium), 822 
toyamenis (Pseudomonas), 037 
tracheiphila (Erwinia), 467, 468 
tracheiphilus (Bacillus), 467 
tracheiphilus (Bacterium), 467 
tracheiphilus var. cucurnis (Bacillus), 468 
tracheitis (Bacillus), 757 
trachomae (Rickettsia), 1114 
trachomatis (Bacillus), 590 
trachomatis (Chlamydozoon), 1114, 1115 
trachomatis (Micrococcus), 279 
trachomatis (Rickettsiae), 1114 
trachomatis conjunctivae (Micrococcus), 
260 

tralucida (Cellulomonas), 106 
tralucida (Pseudomonas), 106 
trambusti (Bacterium), 670 
trambustii (Bacillus), 670 
Iranscapsulatus (Aerobacfer), 454 
translucens (Bacterium), 162 
translucens (Phytomonas), 162 
translucens (Pseudomonas), 162 
translucens (Xanlhomonas), 162,163 
translucens f. sp. cerealis (Xanlhomonas), 
163 

translucens f. sp. hordei (Xanlhomonas), 
162 

translucens f. sp. hordei-avenae (Xantho- 
monas), 163 
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iranslucens f. sp. secalis (Xanthomonas), 
162 

translucens f. sp. undulosa {Xantho- 

7nona$)f 162 

Iranslucens var. phleipratensis (Xan- 
ihomonas), 703 

Iranslucens var. secalis (Baclerium), 162 
iranslucens v&T. secalis (Phytomonas), 162 
Iranslucens var. secalis {Pseudomonas), 
162 

iranslucens var. undulosa {Phytomonas), 
162 

iranslucens var. undulosa {Pseudomonas), 
162 

Iranslucens var. undulosum {Bacterium), 
162 

transvalensis {Actinomyces), U06 
transvalensis (Nocardia), 906 
trapanicum {Bacterium), 442 
trapanicum {Flavobaclerium) {Halo- 
bacterium), 442 

trautweinii {Thiobacillus), 81,688 
iremaergasius {Bacillus), 670 
Iremelloides {Bacillus), 442 
iremelloides {Bacterium), 442 
tremelloides {Flavobacterium), 442 
tremulans {Bacillus), 688 
tremulans {Bacterium), 688 
iremuians (^ 16 ^ 0 ), 688 
Treponema, 12,19, 20, 26, 28, 34, 35,1071 
treubii (Sidcrocapsa), 833 
tribuiyrus {Micrococcus), 279 
iricalle {Treponema), 1076 
Trichobacterium, 28 
irichodectae (Rickettsia), 1097 
trichogenes (Leptothrix), 984 
trichoides {Bacillus), 576 
trichoides {Bacteroides), 576 
trichoides (Ristella), 576 
trichorrhexidis (Bacterium), 688 
Trickothecium sp., 919 
tricolor (Actinomyces), 935 
tricomii (Bacillus), 757 
Irieomii (Bacterium), 757 
trifoliatus (Streptococcus), 344 
trifolii (Bacillus), 757 
trifolii (Flavobacterium), 173 


trifolii (Marmor), 1187 
trifolii (Pseudomonas), 173 
trifolii (Rhizobium),226, 226 
trijoliorum (Bacterium), 120 
trifoliorum (Phytomonas), 120 
trijoliorum (Pseudomonas), 120 
Trifur, 1282 

triglae (Treponema), 1076 
triloculare (Bacterium), 5, 596, 597 
trimeres (Spirochaela), 1079 
trimerodonfa (Leptospira), 1079 
trimerodonta (Spirochaeta), 1079 
trimethylamin (Bacillus), 671 
tritici (Bacillus), 639 
iritici (Bacterium), 400 
tritici (Corynebacterium), 400 
tritici (Fractilinea), 1161 
tritici (Marmor), 1192 
tritici (Micrococcus), 279 
tritici (Phytomonas), 400 
tritici (Pseudomonas), 400, 639 
triius (Bacillus), 757 
trommelschldyel (Bacillus), 149 
trommelschldgel (Pseudomonas), 149 
tropicus (Aurococcus), 250 
tropicus (Bacillus), 716 
Iropidonatum (Mycobacterium), 885 
Iropidonoti (Spirochaeta), 1070 
tropidonoti (Spironema), 1070 
tropiduri (Treponema), 1076 
trujjauii (Bacillus), 710 
fruncatum (Bacterium), 324,688, 762 
truttae (Bacillus), 671 
tsutsugamushi (Rickettsia), 1089, 1000, 

1091 

tsutsugamushi (Theileria), 1089 
tsutsugamushi-orienfalis (Rickettsia), 

1090 

luberculaluyn (Photobacler), 637 
tuberculijormis (Bacillus), 369 
tuberculijormis inteslinalis (Bacillus), 

369 

tuberculorum (Cladocyirium), 224 
tuberculosis (Bacillus), ^11 
tuberculosis (Bacterium), 877 
tuberculosis (Coccolhrix), 877 
tuberculosis (Diacomyces), 877 
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tuberculosis {Eumyces)^ 877 
tuberculosis (Mycobacterium), 877 
tuberculosis {Scleroikrix), 877 
tuberculosis typus bovinus (Mycobac- 
terium), 879 

tuberculosis typus gallinaceus {Myco¬ 
bacterium), 879 

tuberculosis typus humanus {Mycobacter¬ 
ium), 877 

tuberculosis var. bovis (Mycobacter¬ 
ium), 878, 879 

tuberculosis var. hominis (iVIycobacter- 
ium), 877,878,879 
tuberculosis avium {Bacillus), 879 
tuberculosis avium {Mycobacterium), 879 
tuberculosis gallinarum {Bacillus), S79 
tuberculosis piscium {Bacillus), 883 
tuberculosis zoogloeicae {Bacillus), 550 
tuberculosus {Micrococcus), 279 
tuberigenus {Bacillus), 225 
tuberigenus 2 {Bacillus), 657 
tuberigenus S {Bacillus), 663 
tuberiginus 4 {Bacillus), 656 
tuberigenus 5 {Bacillus), 689 
tuberigenus 6 {Bacillus), 678 
tuberigenus 7 {Bacillus), 661 
tuberigenus {Micrococcus), 225 
tuberis {Bacillus), 757 
tuberosa {Microspira), 637 
tuberosum {Bacterium), 688 
tuberosum {Photobacterium), 637 
tuberosus {Bacillus), 688, 757 
iubifex {Bacillus), 757 
tularense {Bacillus), 551 
tularense {Bacterium), 551 
tularense (Cocco6ac^enum), 551 
lularensis {Brucella), 551 
tularensis (Pasteurella), 661 
tulipae (Marmor), 1182 
tumefacieos (Agrobacterium), 227, 228 
229, 1129, 1134, 1135 
tumefacicns {Bacillus), 227, 775, 824 
lumefaciens {Bacterium), 227 
iumefaciens {Clostridium), 775 
lumefaciens {Pkytomonas), 227 . 
lumefaciens {Polymonas), 228 
lumefaciens {Pseudomonas), 227 


iumescens {Bacillus), 632, 714, 715 
tumescens (Corynebacterium), 397 
iumescens {Zopfiella), 714 
iumida {Ristella), 571, 676 
tumidus {Bacillus), 671 
tumidus (Bacteroides), 671, 576 
tumoris (Molitor), 1242 
tumoris (Phagus), 1134 
turbidans (Acetobacter), 189 
lurbidus {Streptococcus), 344 
turbidus {Vibrio), 703 
turcosa {Bacillus), 175 
turcosa (Pseudomonas), 176, 701 
turcosum {Bacterium), 688 
tuTcosum {Flavobacterium), 175 
turgescens {Bacterium), 716 
lurgidum {Bacterium), 761 
turgidus {Bacillus), 757 
turgidus {Tyrotkrix), 757 
turicatae {Borrelia), 1064 
turicatae {Spirochaeta), 1064 
tussis convulsivae {Bacillus), 589, 737 
tussis convulsivae {Bacterium), 586, 589, 
590 

tympani-cuniculi {Bacillus), 757, 818 
typhi {Acystia), 515 
iypki {Bacillus), 515 
typhi {Bacterium), 515 
typhi {Bacterium) {Eberthella),blb 
typhi {Corynebacterium), 368, 387, 406 
typhi {Dermacentroxenus), 1085, 1087 
lyphi {Eherlhella), 515 
typhi (Rickettsia), 1086.1086,1087,1088, 
1090 

typhi {Salmonella), 493, 515 
lyphi abdominalis {Bacillus), 515 
lyphicus {Bacillus), 701 
lyphiexanikematici {Bacillus), 405 
lyphi-exanthemalici {Bacterium), 406 
lyphi exanthemalici {Corynebacterium), 
406 

typhi exanthemalici {Eubacterium), 368, 

406 

lyphi-exanthemalici {Fusiformis), 406, 

583 

typhi flavum {Bacterium), 533 
lyphi gallinarum {Bacillus), 520 
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typhi gallinarum. alcalifaciens (Bacillus), 

520 

typki murium (Bacillus), 602 
typki murium (Bacterium) ^ 502 
typhimuriura (Salmonella), 493, 495, 602, 
503,511,523,669 

iyphimurium (Type Binns) (Salmonella), 
503 

typhi-murium var. Binns (Salmonella), 
503 

iyphimurium var. Copenhagen (jSaimo- 

nella ), 503 

typhisuis (Bacillus), 509 
typhi-suis (Bacterium), 509 
typhisuis (Salmonella), 496, 609, 510 
typhisuis var. Voldagsen (Salmonella), 
509,510 

typhoideus (Micrococcus), 279 
iyphosa (Eberthella), 45, 515 
typhosa (Salmonella), 492, 493 , 497, 616, 
516,521,533,701,1130,1137 

iyphosum (Bacterium), b\b 

typhosus (Bacillus), 515,659, 1137 
typhosus (Eberthus), 515 
typhosus (Vibrio), 515 
tyrobutyricum (Closindium), 772, 824 
tyrogena (Microspira), 196 
tyrogenum (Spirillum), 196 
tyrogenus (Streptococcus), 344 
tyrogenus (Vibrio), 196 
tyrosinatica (Microspira), 202 
iyrosinogenes (Bacillus), 711, 783 
tyrosinogenes (Clostridium), 783 
Tyrothrix, 349, 737, 750, 763 
tyzzeri (Bartonella), 1105 
tyzzeri (Haemobartonella), 1106 

uberis (Streptococcus), 336, 336 
ubicuitarius (Bacillus), 767 
uhiquitum (Achromobacler), 426 
ubiquitus (Bacillus), 426 

ubiquitus (Bacterium), 

uda (Cellulomonas), 614 
udum (Bacterium), 614 
uffreduzzii (Bacillus), 67! 

Uganda (Salmonella), 522 
ukilii (Bacillus), 818 


ukilii (Clostridium), 818 
ukrainica (Barlonella), 1108 
ukrainica (Haemobartonella), 1108 
ulceris (Micrococcus), 279 
ulceris (Scelus), 1238 
ulceris cancrosi (Bacillus), 587 
ulceris cancrosi (Bacterium), 587 
ulceris mollis (Micrococcus), 279, 341 
ulcerogenes (Corynebaclerium), 406 
uliginosum (Flavobacterium), 630 
ulmi (Micrococcus), 279 
ulmi (Morsus), 1164 
ulna (Bacillus), 671, 757 
Ulvina, 25, 27,179 
umbellifcrarum (Marmor), 1176 
umbilicatus (Bacillus), 671 
umbilicatus (Micrococcus), 279 
Umbina, 179 

umbonalus (Tkiobacillus), 81 
uncata (Jtistella), 569, 576 
uncatus (Bacteroides), 669, 576 
undula (Spirillum), 213 
undula (Vibrio), 213 
undula majus (Spirillum), 215 
undula minor (Spirillum), 213 
undulata (Holoapora), 1122 
undulala (Pseudomonas), 149 
undulata (Spirochaeta), 1062 
undulalum (Treponema), 1062 
tmdulatus (Bacillus), 716, 762 
ungulata (Treponema), 1076 
uniforms (Bacterium), 688 
uniformis (Bacteroides), 672, 573, 576 
uniformis (Risiella), 572, 576 
upcoitii (Actinomyces), 961 
upcottii (Streptomyces), 961 
upsilon (Marmor), 1155,1172, 1175 
urbana (Salmonella), 530 
ureas (Albococcus), 238, 266 
ureas (BaciBus), 688, 742 
ureas a (Bacillus), 729 
ureas 0 (Bacillus), 742 
ureas y (BociBus), 744 
ureas II and III (BaciBus), 729 
ureas (Boclerium), 689 
ureas (Merista), 237 
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urea-vagi 


ureae (Micrococcus), 237, 251, 252, 257, 
260, 263, 264, 265, 266, 269, 272, 274, 
275, 277, 279, 282 
ureae (Planosarcina), 289 
ureae (Plocaniobacterium), 688 
ureae (Pseudomonas), 91 
ureae (Sarciiia), 289, 290, 291. 293 
ureae {Sporosarcina), 289 
ureae (Staphylococcus), 238 
ureae {Streptococcus), 237 
ureae {Torula), 279 
ureae {Crococcus), 238 
ureae Candidas {Staphylococcus), 282 
ureae liquefaciens {Micrococcus), 266 
ureae liquefaciens (Staphylococcus), 266 
ureae {non pyogenes) (Diplococcus), 345 
ureae non pyogenes {Staphylococcus), 282 
ureae (non pyogenes) rngosus (Strepto 
coccus), 343 

ureae {non pyogenes) trifoliatus {Diplo¬ 
coccus), 344 

ureae pyogenes {Diplococcus), 339 
ureolyticum {Clostridium), 822 
urethrae (Spirochaeta), 1070 
urethrae (Spiroschaudinnia), 1070 
urethrae {Slreptohacillus), 590 
urethrae {Treponema), 1070 
urethrale (Treponema), 1074 
urethralis (Spirochaeta), 1074 
urethridis (Actinomyces), 018 
urmae (Bacillus), 671, 698 
urinae (Merismopedia), 294 
urinae (.Sarema), 294 
urinae (Streptococcus), 345 
urinae aerobius (Bacillus), 647 
urinae albus olearius (Micrococcus), 260 
urinae claviformis (Bacillus), 651 
urinae diffl.uens (Bacillus), 653 
urinae equi (Pediococcus), 250 
urinae fertilis (Bacillus), 655 
urinae jlavus olearius (Micrococcus), 269 
urinae liquefaciens (Bacillus), 660 
urinae major (Bacillus), 661 
urinae major (Micrococcus), 267 
urinae mollis (Bacillus), 663 
urinae pellucidus (Bacillus), 664 
urinae striatus (Bacillus), 669 


urinae tenuis (Bacillus), 670 
unnalbus (Micrococcus), 279 
urinaria (A’ocardm), 976 
urinanus (Actinomyces), 976 
Urobacillus, 8, 705, 729 
nrocephalum (Bacillus), 823 
urocephalum (Bacterium), 823 
nrocephalum (Granulobacter), 822 
nrocephalum (Tyrothrix), 823 
rrococcus, 235 

uromutabile (Bacterium), 452 
(’rosarcina, 285 
nrsidae (Treponema), 1076 
uruyuae (Micrococcus), 279 , 
usbekistanica (Spirochaeta), 1070 
utiformica (Bacterium), 120 
ntiformica (Phytomonas), 120 
utiformica (Pseudomonas), 120 
utpadeli (Bacillus), 671 
utriculosus (Micrococcus), 280 
uvae (Bacillus), 478 
ueae (Bacterium), 478 
uvae (Erwinia), 478 
uvaeformis (Bacillus), 757 

raccmac (Corynebacterium), 401,406 
vaccinae (Micrococcus), 345 
vaccinae (Microsphaera),'i\b 
vaccinae (Spirochaele), 1074 
vaccinae (Streptococcus), 345 
vaccinae (Treponema), 1074 
vaccinii (Chlorogenus), 1160 
vncillans (.l/icrospira), 696, 1001 
vaculatus (Bacillus), 757 
cacuolata (Microderma), 76 
vacuolatus (Bacillus), %7\ 
vacuolatus (Bacterium), 671 
vacuolosus (Bacillus), 718 
vadosa (Pseudomonas), 701 
vaginae (Bacillus), 362, 363, 401, 693 
vaginae (Bacterium), 693 
vaginae (Plocamobacterium), 362, 400 
vaginalis (Bacillus), 362, 363 
vaginalis (Coccus), 250 
vaginalis (Leptothrix), 366 
vaginalis (Leptotrichia), 366 
vaginalis (Spirochaeta), 1074 
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vaginalis {Treyonema), 1074 
vaginalis longus {Bacillus), 362 
vaginalum {Thionema),9d5 
vaginaius {Jodococcus), 251, 679 
vaginicola {Herrellea), 5Q5 
vagus pneumonic {Bacterium), 647 
vaillardi (Bacterium), 689 
valerianicum {Clostridium), 822 
valeriei (Bacterium), 450 
valeriei (Proteus), AbO 
validus (Bacillus), 757 
valinovorans (Bacillus), 757 
vallis (Charon), 1267 
Vallorillus, 11, 763 
valvulae (Actinomyces), 922 
valvulae (.\ocardia),922 
valvulae destruens bovis (Ouspora), 922 
valvularis (Actinomyces), 922 
valvularis destruens bovis (Strcptothrix), 
922 

van tieghemi (Crucoccus), 282 
variabile (Bacterium), A2 
variabile (Comma), 402 
variabilis (Actinomyces), 918, 974 
variabilis (Bacillus), 573 
viiriubilis (Bacteroides), 673, 57* 
variabilis (Capsularis), 573, 577 
variabilis, (Dialisterea), 21 
variabilis (Kurthia),Q\^ 
i'«ria6i7is (Leptolhrix), 366 
variabilis (Leptolrichia), 307 
variabilis (Myxobotrys), 1030, 1037 
variabilis (Rasmussenia), 367 

variabilis (Sarcina), 2^1, 2QA 

variabilis lymphae vaccinalis (Bacillus), 
401 

varians (Bacillus), 767 
varians (Eperythrozoon), 1112 
varians (Micrococcus), 240, 251, 261, 
265,267,268,270,271,273, 275, 276, 278, 
280 

varians laclis (Alicrococcus), 280 
variccllae (Briarcus), 1233 
i;arice^/ae (Streptococcus), 345 
varicosum (iJac(«rium), 689 
varicosus conjunclivae (Bacillus), 080 
varicosus conjunctivas (Bacterium), 689 


variegata (Dialisterea), 2\ 

variegata (Sardna),'29A 

variegata (Zuberclla), 578 

variegatus (Bacillus), 578 

varicgatus (Bacteroides, 578 

variococcus (Micrococcus), 280 

variolae (Borrcliota), 1231 

variolae (Micrococcus), 345 

variolae (Streptococcus), 345 

variolae (Strongyloplasma), 1231 

variolae ovinae (Micrococcus), 345 

variolac-ovinae (Streptococcus), 345 

variolae var. hominis (Borreliola), 1232 

variosum (Bacterium), 689 

varius (Bacteroides), 567, 579 

varius (Spherophorus), 507, 579 

vascularum (Bacillus), 163 

vascularum (Bacterium), 163 

vascularum (Phytomonas), 163 

vascularum (Pseudomonas), 103 

vascularum (Xanthonionas). 163, 639 

vassalei (Bacterium), 553 

vastans (Aurcogenus), 1166 

vastans (Marmor), 1155 

vastans var. agalliae (Aureogenus), 1156 

vastans var. lethale (Aureogenus), 1156 

vastans var. vulgare (Aurcogenus), 1185 

vehoda (Bacillus), 532 

veboda (Bacterium), 532 

veboda (Salmonella), 532 

vegelus (Bacillus), 671 

Veillonclla, 29, 31,33, 34, 302. 303 

vejdovskii (Paraspirillum), 218 

vejle (Salmonella), 523 

vekanda (Bacillus), 451 

vekanda (Bacterium), 451 

vekanda (Enleroides), 451 

vekanda (Escherichia), 451 

velatum (Bacterium), 

velatus (Bacillus), GSfi) 

velenosum (Bacterium), 563 

velox (Bacillus), 671 

velutina (Sarcina), 294 

vendrelli (Bacillus), 701 

vendrelli (Pseudomonas), 701 

veneniferum (Marmor), 1194 

venenosum (Achromobacter), 427 
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venenosus {Bacillus), 427, 671 
venenosus {Bacterium), 671 
venenosus brevis {Bacillus), 671 
venesosus brevis {Bacterium), 671 
venenosus invisibilis {Bacillus), 671 
venenosus invisibilis {Bacterium), 671 
venenosus liquejaciens {Bacillus), 671 
veneris {Cristispira), 1057 
veneiaenia {Murialba), 1172 
veneziana {Salmonella), 526 
venezuelensis {Borrelia), 10S4 
venezuelensis {Neisseria), 301 
venezuelensis {Spirochaeta), 1064 
venezuelensis {Treponema), 1064 
veniricosus {Bacillus), 671, 758 
ventriculi {Bacillus), 671 
ventriculi {Merismopedia), 286 
ventriculi {Planomerista), 284 
ventriculi (Sarcina), 286, 291 
ventriculi {Zymosarcina), 286 
veniriculosus {Bacillus), 818 
venlriculosus {Clostridium), 818 
ventriculus {Bacillus), 758 
ventriosus {Bacillus), 35Z 
ventriosus {Bacteroides), 353 
venturelli {Bacillus), 804 
venturelli {Endosporus), 804 
venturellii (Clostridium), 804 
vermiculare {Bacterium), 718 
vermicularis {Bacillus), 718 
vermicularis {Sarcina), 294 
vermiculosus {Bacillus), 671 
vermiculosus {Bacterium), 671 
vermiforme {Bacterium), 362 
vermiforme {Betabacterium), 362,830 
vermiformis {Bacillus), 362 
vermiformis {Sarcina), 294 
vermiformis {Streptococcus), 345 
verne {Actinomyces), 936 
verne (Streptomyces), 936 
verneti {Gaffya), 284 
vernicosum {Bacterium), 689 
vernicosus {Bacillus), 758, 689 
verrucae (Galla), 1158 
verrucae (Molitor), 1241 
verrucae vulgaris {Bacillus), 684 
verrucosa {Sireplothrix), 924 


verrucosans (Ruga), 1219 
verrucosum {Bacterium), 762 
Verrucosus, 763 

verrucosus {Actinomyces), 924, 974 
verrucosus {Bacillus), 782 
versatilis {Bacillus), 671 
versatilis (Micrococcus), 278, 279, 280 
versatilis (Streptococcus), Mb 
versicolor (Galactococcus), 250 
versicolor (Micrococcus), 280 
verticillatum (Bacterium), 758 
verticillatus (Bacillus), 758 
vesciculosa (Escherichia), 452 
vescus (Bacteroides), 668 
vescus (Fusiformis), 568 
vesicae (Bacillus), 758 
vesicae (Micrococcus), 280 
vesicans (Micrococcus), 230 
vesicatoria (Phytomonas), 163 
vesicatoria (Pseudomonas), 163, 740 
vesicatoria (Xanthomonas), 160, 163, 
164, 1134 

vesicatoria var. raphani (Bacterium), 164 
vesicatoria var. raphani (Phytomonas), 
164 

vesicatoria var. raphani (Xanthomonas), 
164 

vesicatorium (Bacterium), 145,163 
&e5ico5U5 (Micrococcus), 280 
vesiculiferus (Bacillus), 671 
vesiculiferus (Micrococcus), 280 
vesiculi/ormans (Bacillus), 451 
vesiculiformans {Escherichia), 452 
vesiculosum (Bacterium), 452, 689 
vesiculosus (Bacillus), 452 
vespertilionis (Spirillum), 1070 
vespertilionis (Spirochaeta), 1070 
vespertilionis (Spironema), 1070 
vespertilionis (Spiroschaudinnia), 1070 
vesperuginis (Spirochaeta), 1070 
vesperuginis (Spironema), 1070 
vialis (Bacillus), 671 
viator (Bacillus), 671 
vibrans (Ascococcus), 250 
Vibrio, 5, 7, 15, 18, 21, 25, 28, 29, 31, 33, 
192, 216, 763 

vibrioides (Caulobacter), 832 
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vibrion {Rivoltillus)^!!^ 

Vihrioihrix, 218 
viburni {Bacterium) ^ 134 
vibumi {Phytomonas)^ 134 
viburni (Pseudomonas), 134 
viciae {Bacterium), 136 
viciae {Phytomonae)^ 136 
viciae (Pseudomonas), 136 
vignae {Bacterium)^ 119 
vignae (Marmor), 1188 
vignae {Phytomonas), 119 
vignae {Pseudomonas) ^ 119 
vignae var. leguminophila {Phytomonas), 
120 

vignali {Bacterium), 440 
vignalis {Bacillus), 440 
vignicola {Xanthomonas), 703 
villosum {Bacterium), 689 
villosum {Plocamobacterium), 689 
villosus {Bacillus), 671, 672, 689, 758 
vincenti {Fusiformis), 581 
vincenti {Heliconema), 1064 
vincenti {Spirockaeia), 1063 
vincenti {Spironema), 1063 
vincenti {Spirosckaudinnia), 1063 
vincenti {Treponema), 1063 
vincenti var. bronchialis {Spirochaeta), 
1070 

vincentii (Borrelia), 1063,1068,1069,1070 

vincenzii {Micrococcus), 280 

vinelandii {Azolobacter), 219, 220 

vini {Micrococcus), 280 

vini {Streptococcus), 345 

vini acetati (Bacterium), 188 

vinicola {Bacillus), 672 

vinicola {Bacterium), 689 

viniperda {Bacillus), 672 

viniperda {Bacterium), 689 

viniperda {Micrococcus), 280 

vinosa {Monas), 858 

vinoaum {Bacterium), 858 

vinosum (Chromatium), 858, 859 

vinosus {Bacillus), 858 

violacea {Cladothrix), 974 

violacea {Lampropedia), 844 

violacea {Merismoptdia), 250, 844 

violacea {Nocardia), 974 


violacea {Oospora), 974 
violacea {Planosarcina), 847 
violacea {Pseudomonas), 7, 231 
violacea {Strepiotrix), 974 
violacea (Thiocystis), 847 
violaceoniger (Streptomyces), 947 
violaceum {Agmenellum), 844 
violaceum {Bacteridium), 231 
violaceum {Bacterium), 231, 232 
violaceum (Chromatium), 868, 859 
violaceum (Chromobacterium), 231, 234 
violaceum (Cromo6ac^cnum), 231 
violaceum {Spirillum), 852 
violaceum {Thiosphaerion), 859 
violaceum (Thiospirillum), 862, 859 
violaceum amethyslinum {Bacterium), 232 
violaceum laurentium {Chromohacterium) 
233 

violaceum lutetiense {Chromobacterium) 
233 

violaceum manilae {Ckromobaclerium) 
232,234 

violaceus {Actinomyces), 935, 974 
violaceus {Bacillus), 231, 233, 758 
violaceus {Discomyces),01<i 
violaceus {Micrococcus), 231 
violaceus {Pediococcus), 250, 844 
violaceus {Streptococcus), 231 
violaceus {Thermobacillus), 735 
violaceus berolinensis {Bacillus), 234 
violaceus-caeseri {Actinomyces), 951 
violaceus laurenticus {Bacillus), 232, 233 
violaceus laurentius {Bacterium), 233 
violaceus lutetiensis {Bacillus), 233, 661 
violaceus manilae {Bacillus), 234 
violaceus-niger {Actinomyces), 947 
violaceus-ruber {Actinomyces), 935 
violaceus sacchari {Bacillus), 647 
violaceus sacchari {Bacterium), 647 
violaceus sartoryi {Bacillus), 233 
violarius {Aerobacillus), 720 
violarius acetonicus {Bacillus), 720 
virchow {Salmonella), 511 
virchowii {Salmonella), 511 
virchouni {Sarcina), 293 
virens {Bacillus), 672 
virescens {Bacillus), 149 
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virescens (Bacterium), 701 

virescens (Mvxococcus), 1006, 1007,1008 

1042 

virescens (Pseudomonas), 149, 701 
virgatum (Marmor), 1202 
virgatum var. typicum (Marmor), 1202 
virgatum var. viride (Marmor), 1202 
virgatus (Bacillus), 718 
Virginia (Salmonella), 515 
virginiaimin (Spirillum), 214 
Virgula, 32 

virgula (Bacterium), 762 
virgula (Tyrothriz), 762 
viridans (Bacillus), 149,672 
viridans (Pseudomonas), 149 
viridans (Streptococcus), 321 
viridans (Vibrio), 703 
viride (Bacteriuin), 689, 762 
viridescens (Pseudomonas), 150 
viridescens liquejaciens (Bacillus), 150 
viridescens nondiguefaciens (Bacillus) 
672 

viridescens non-liquejaciens (Bacterium), 
672 

viridijaciens (Bacterium), 119 
viridifaciens (Phyiomonas), 119 
viridijaciens (Pseudomonas), 119 
viridijlava (Phyiomonas), 127 
viridiflava (Pseudomonas), 127 
viridijlava var. concentrica (Phyiomonas), 
127 

viridijlava var. concentrica (Pseudo¬ 
monas), 127 

viridi-jlavescens (Staphylococcus), 261 
viridijlavum (Bacterium), 127 
viridijlavum var. coricentricum (Bac¬ 
terium), 127 

viridi-glaucescens (Bacillus), 758 
viridilivida (Phyiomonas), 114 
viridilivida (Pseudomonas), 114 
viridilividum (Bacterium), 114 
viridi-luteus (Bacillus), 693, 758 
viridis (Actinomyces),^!^ 
viridis (Bacillus), 660, 762 
viridis (Bacterium), 
viridis (Cellfalcicula), 211 
viridis (Micrococcus), 261 


viridis (Noeardia), 908 
viridis (Proactinomyces), 908 
viridis (Pseudomonas), 150 
viridis (Streptothrix), 974 
viridis-jlavescens (Micrococcus), 261 
viridis Jlavescens (Sarcina), 294 
viridis jlavescens (Staphylococcus), 261 
viridis pallescens (Bacillus), 149 
viridis pallescens (Bacterium), 699 
viridochromogenes (Actinomyces), 942 
viriclochromogenes (Streptomyces), 942 
viridulum (Bacterium), 736 
viridulus (Bacillus), 736 
virosum (Chromatium), 855 
viscidum (Bacterium), 689 
viscijaciens (Clostridium), 774 
visco-coccoidium (Bacterium), 414 
viscojucatum (Bacterium), 234 
viscojucatum (Chromobacterium), 234 
viscojucatus (Bacillus), 234 
yiscogenum (Laclobacterium), 364 
viscosa (Eberthella), ^\ 
viscosa (Pseudomonas), 90, 97, 701 
viscosa (Shigella), 541 
viscosum (Acetobacter), 188 
viscosum (Achromobacter), 414 
viscosum (Agarbacterium), 629 
viscosum (Bacterium), 414, 680, 683, 689, 
701, 760, 788 

viscosum (Chromobacierium), 234 
viscosum (Clostridium), 822 
viscosum (Plocamohacterium), 692 
viscosum equi (Bacterium), 540 
viscosum non-liquejaciens (Bacterium), 
689 

viscosus (Alcaligenes), 414, 692 
viscosus (Bacillus), 90, 689, 758 
viscosus No. t (Bacillus), 680 
viscosus (Bacteroides), 577 
viscosus (Diplococcus), 271 
viscosus (Lactobacillus), 414 
viscosus (Micrococcus), 280, 340 
viscosus (Staphylococcus), 701 
viscosus (Streptococcus), 345 
viscosus var. dissimilis (Alcaligenes), 414 
viscosus bruxellensis (Bacillus), 758 
VISCOSUS cerevisiae (Bacillus), 680 
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Viscosus cercvisiae {Bacterium), 680 

Wscosus lactis (Bacillus), 414 

viscosus lactis (Bacterium), 414 

t/iscosus lactis (Micrococcus), 280 

mcosus margarineus (Bacillus), 689 

riscosus ochraceus (Bacillus), 761 

viscosus sacchari (Bacillus), 689 

yiscosiis vini (Bacillus), QSQ 

visco-symbioticum (Achromobacter), 427 

visco-symbioticujn (Bacillus), 427 

visicidus (Micrococcus), 696 

vitalis (Bacillus), 710 

vitarumen (Flavobacterium), 613 

vitellinum (Polyangium), 1026, 1030 

vitians (Bacterhim), 153 

vitians (Phytomonas), 153 

vitians (Pseudomonas), 153 

vitians (Xanthomonas), 163 

vitiata (Phytomonas), 640 

viticola (Bacillus), 758 • 

viticola (Manner), 1198 

viticulosus (jl/icrococc«s), 280 

vitis (Bacillus), 639, 758 

vitivora (P^winia), 466, 478 

vitivorus (Bacillus), 466 

vitrea (Hydrogenomonas), 77, 78 

vitreum (Azolobacler), 220 

vitreus (Bacillus), 758 

vitulae (Tarpoia), 1272 

vitulinum (Bacterium), 689 

vituliseptica (Pasteurella), 648 

vitulisepticum (Bacterium), 548 

vitulisepticus (Bacillus), 548 

vilulorum (Bacterium), 689 

vitulorum (Streptococcus), 345 

vivax (Spirochaela), 1054 ‘ 

vivax (Treponema), 1054 

viverrae (Tarpeia), 1273 

vogelii (Bacillus), 758 

voldagsen (Bacillus), 510 

volubilis (Leptothrix), 986 

volutans (Achromatium), 998, 999 

volutans (Spirillum), 216, 217 

volutans (Thiophysa), 998, 999 

volutans (Thioporphyra), 859 

voukii (Thiothrix), 990 

vuillemini (Bacillus), 640 


vulgare (Bacterium), 486 
vulgare (Co5eo6ac/eriwm), 356 
vulgare (Hyphomicrobium), 837 
vulgaris (Bacillus), 487 
vulgaris (Cellvibrio), 210 
vulgaris (Micrococcus), 281 
vulgaris (Micromonospora), 980 
vulgaris (Proteus), 486, 487, 490, 491, 672 
vulgaris (Putribacillus), 799 
vulgaris (Siderocystis), 835 
vulgaris (Streptococcus), Zio 
vulgaris (Thermoactinomyccs), 980 
vulgaris (Thermobacillus), 733 
vulgaris (Bacterium) (Proteus), 487 
vulgata (Pasteurella), 570 
vulgatus (Bacillus), 709, 711,743, 745, 747, 
748, 762 

vulgatus (Bacteroidos), 669, 572, 577 
vulpinus (Bacillus), 672 
vulpis (Tarpeia), 1273 

Wakefield (Bacterium), 543 
waksmannii (Actinomyces), 935 
wallemia (Streptolhrix), 977 
wardii (Bacillus), 672 
warmingii (Chroniatium), 857, 859 
warmingii (Monas), 857 
warmingii forma minus (Chromatiuin), 
867, 858 

washingtonia (Phytomonas), 697 
watareka (Bacillus), 532 
watareka (Bacterium), bZ2 
watareka (Salmonella), 532 
watzmannii (Bacillus), 758 
weekeri (Bacillus), 672 
wedmorensis (Actinomyces), 974 
weeksi (Bacillus), 
wehmeri (Bacillus), 359 
wekmeri (Lactobacillus), 359 
weibelii (Mterospira), 202, 206 
weichselbaumii (Bacillus), 655 
tceichselbaumii (Neisseria), 296, 297 
weichselbaumii (Streptococcus), 297 
weigli (Rickettsia), 1097, 1098 
weigmanni (Aromabacillus), 736 
weigmanni (Bacillus), 758, 782 
weigmanni (Pseudomonas), 150 
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Weinbergillus, 11, 763 
weisii (Chroinatium), 857 
weissei (Chromatium), 856,857, 858 
weissii {Bacillus)^ 857 
weissii (Bacterium), 857 
weissii (Chromatium), 857 
weissii (Streptococcus), 345 
Welchia, 20, 22, 33, 34, 763 
xvelchii (Bacillus), 62, 369, 790 
welchii (Bacterium), 790 
xvelchii (Clostridium), 43, 369, 790 
welchii (Type agni) (Clostridium), 790 
welchii Type A (Bacillus), 790 
welchii Type B (Bacillus), 790 
welchii Type C (Bacillus), 790 
welchii Type D (Bacillus), 790 
Welchillus, 11,25, 27,763 
welckeri (Sarcina), 294 
welckeri (Merismopedia), 294 
weltevreden (Salmonella), 524 
wenxjoni (Bartonella), 1112, 1113 
wenyoni (Eperythrozoon), 1112, 1113 
wenyoni (Haemobartonella), 1113 
werahensis (Bacillus), 532 
werahensis (Salmonella), 532 
werneri (Clostridium), 808 
wesenberg (Bacillus), 534, 672 
wesenbergi (Eberthella), 534 
wesenbergi (Wesenbergus), 534 
wesenbergii (Bacillus), 672 
xvesenbergoides (Bacillus), 533 
wesenbergoides (Salmonella), 
Wesenbergus, 10, 516 
whitmori (Bacillus), 555, 556 
wliitmori (Loefferella), 556 
whitmori (Sclerothrix), bbb 
mchita (Salmonella), 527 
xvichmanni (Bacillus), 672 
wieringae (Bacterium), 144 
wieringae (Phytomonas), 144 
wieringae (Pseudomonas), 144 
vnnkleri (Bacillus), 693 
winkleri (Bacterium), 689 
xvinklert (Neisseria), 253 
inllegoda (Bacillus), 533 
willegoda (Salmonella), 533 
willmorei (Actinomyces), 966 


willmorei (Streptomyces), 966 
wilsonii (Eberthella), 534 
winogradskii (Leptothrix), 986 
winogradskii (Thiospirillum), 853 
winogradskyi (Bacillus), 772 
winogradskyi (Nitrobacter), 74 
winogradskyi (Sulfospirillum), 212 
winogradskyi (Thiospira), 212 
winogradskyi (Thiospirillum), 212 
wirihii (Spherocillus), 580 
Wolhachia, 1098 
wolfii (Microspira), 198 
wolfii (Vibrio), 198 
wolf-israel (Actinomyces), 927 
wolkynica (Rickettsia), 1094 
woliniae (Bacillus), 533 
woliniae (Bacterium), 533 
woliniae (Salmonella), 533 
woodsii (Bacterium), 143 
woodsii (Phytomonas), 143 
woodsii (Pseudomonas), 143 
woodstoxonii (Azotobacter), 219 
xvorthington (Salmonella), 527 
wortmanni (Plocamobacterium), 693 
loortmannii (Bacillus), 356, 693 
wortmannii (Lactobacillus), 356 
wrightii (Bacterium), 689 

xanthe (Pseudomonas), 173 
xanthium (Flavobacterium), 173 
xanthinum (Bacterium), 700 
xanthochlora (Phytomonas), 129 
xanthochlora (Pseudomonas), 129 
xanthochlorum (Bacterium), 129 
xanihochrus (Pseudomonas), 701 
xanthogenes (Bacterium), 700 
xanthogenes (Vibrio), 700 
xanthogenicus (Cryptococcus), 281 
xanthogenicus (Micrococcus), 281 
xanlhogenum (Clostridium), 822 
Xanthomonas, 150, 171, 178 
xanthostromus (Actinomyces), 974 
xanthus (Myxococcus), 1007,1008,1042 
xenopa (Eberthella), 534 
xenopus (Micrococcus), 281 
xenopus (Vibrio), 197 
xerophilus (Micrococcus), 281 
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xerose (Corynebaclerium), 386, 401 
xerosis (Bacillus), 386 
xerosis (Bacterium), 386 
xerosis canis (Bacillus), 406 
xerosis canis (Corynebacterium), 406 
xerosis variolae (Bacillus), 401 
xylanicus (Bacillus), 758 
xylina (Ulvina), 692 
xylinoides (Bacterium), 187 . 693 
xylinoides (Ulvina), 693 
xylinum (Actobacter), 181, 182, 187, 692 
xylinum (Bacterium), 181,187 
xylinus (Bacillus), 692 
xyliiica (Vibrio), 207 
xylophayus (Bacillus), 758 
xylosus (£«ac^o6act7/u8), 363 
• 

yasakii (Vibrio), 702 
yersini (Coccobacillus), 549 
yersinia, 550, 703 

Zagreb (Salmonella), 504 

Zanzibar (Salmonella), 524 

Zaogalaclina, 479 

zeae (Bacillus), 457 

zeae (Bacterium), 457 

zeae (Butylobacter) , 781, 825 

zeae (Fractilinea), 1161 

zeae (Galla), 1158 

zeae (Marinor), 1161 

zeae (Micrococcus), 281 

zeae (Propionibacterium), 376, 377 

zeidleri (Acetobacter), 186 

zeidleri (Bacillus), 185 

zeidleri (Bcu^ierium) , 185 

zenkeri (Bacillus), 608 

zenkeri (Bacterium), 608 

zenkeri (Kur(Aia), 608 

zenkeri (Proteus), 608 

zenkeri (Zopfius), 608 

zeia (Bacillus), 672 

zeta (Bacterium), 672 

Zeltnowia, 12,13,604 

zettnowii (Flavobaclerium) , 173 

zeytanieum (Spirillum), 218 

zeylanicum (Vibriolhrix), 218 

zeylanicus (Bacillus), 218 


zeylanicus (Spirobacillus), 218 
zeylanicus (I'i^n'o), 218 
zingiberi (Bacterium), 171 
zingiberi (Phytomonas), 171 
zingiberi (Pseudomonas), 171 
zingiberi (Xanthomonas), 171 
zinnioides (Bacterium), 690 
zirnii (Bacillus), 75S 
zlatogorovi (Spirochaeta), 1070 
zonatus (Annulus), 1212,1213, 1214, 1217 
zonatus (Bacillus), 672 
zonatus (Micrococcus), 281 
zoodysenteriae (Bacillus), 791 
zoodysenteriae hungaricus (Bacillus), 791, 
826 

zooepidemicus (Streptococcus), 316 
zoogleicum (Clostridium), 797 
zoogleiformans (Bacterium), 577 
zoogleiformans (Capsularis), 577 
Zoogloea, 348 

zopfi (Helikobacterium), 608 
zopfi (Strepiothrix), 977 
Zopfiella, 705 
zopfii (Bacillus), 608 
zopfii (Bacterium), 608 
zopfii (Kurthia), 608 
zopfii (Zopfius), 608 
zopfii (Bacterium) (Proteus), 608 
Zopfius, 42, 608 
zdrkenddrferi (Bacillus), 672 
zdrkenddrferi (Pseudomonas), 150 
Zuberetla, 33,34, 677 
zuemianum (Bacterium), 690 
zuernianus (Bacillus), 690 
zuntzii (Clostridium), 822 
Zygoplagia, 12,13, 

Zygostasis, 12,13, 705 
Zymobacillus, 30, 705 
zymogenes (Coccobacillus), 672 
zymogenes (Micrococcus), 327 
zymogenes (Staphylococcus), 327 
zymogenes (Streptococcus), 327 
Zymomonas, 29, 30 
Zymosarcina, 29, 30, 31, 285 
zymoseus (Bacillus), 672 
zythi (Streptococcus), 346 
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